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INTRODUCTION 

Under the Endangered Species Act (ESA), the Cross-Base Highway Project must undergo consultations 
with the National Marine Fisheries Services (NMFS) and the United States Fish and Wildlife Service 
(USFWS) to determine the effects of the project on threatened and endangered species.  The consultation 
process includes an analysis of direct and indirect effects of the action as well as the effects of any 
interrelated or interdependent activities on listed species.   

The purpose of the analysis is to provide an initial evaluation of potential indirect impacts to ESA-listed 
species and their habitat from the Cross-Base Highway Project.  This analysis focuses on the comparison 
of the No Build and the Proposed-Action alternatives in the year 2030 to determine the potential indirect 
effects in the action area with and without the Cross-Base Highway.  The analysis does not compare the 
change in growth from the existing conditions present in the action area today to the year 2030.  The 
approach used in this analysis involves forecasting the changes in distribution of population and 
employment in the region for the Cross-Base Highway Proposed-Action alternative, and comparing it to 
the No Build alternative, or baseline level of development.  Increases in development (from the baseline) 
generally mean increases in the percentage of impervious surface area in a watershed.  Therefore, 
increases in the impervious surface in areas with previously low levels of development can be considered 
a potential adverse indirect effect on threatened and endangered species (e.g., bull trout in WRIA 10- 
Lower Puyallup).   

As noted in the Results section at the back of this document, the average percent changes (countywide 
and by Forecast Analysis Zone [FAZ]) in population and employment are relatively small.  Despite this 
fact, they are considered indicative of how changes in capacity on the Cross-Base corridor could influence 
future development and provide a valid means of comparing the No Build and Build Alternatives to each 
other. 

NATIONAL ENVIRONMENTAL POLICY ACT REGULATIONS 

Federal indirect and cumulative impact requirements of the National Environmental Policy Act (NEPA) 
process were established in 1978 with the Council on Environmental Quality (CEQ) Regulations for 
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Implementing the Procedural Provisions of the National Environmental Policy Act (40 CFR §§ 1500 -
1508).  Specifically, the CEQ regulations (40 CFR §§ 1500–1508) define the impacts and effects that 
must be addressed and considered by Federal agencies in satisfying the requirements of the NEPA 
process.  This includes direct, indirect, and cumulative impacts:   

Direct Effects “are caused by the action and occur at the same time and place” (40 CFR § 1508.8). 

Indirect Effects “are those that are caused by the action and are later in time (after the action is 
completed) but still reasonably certain to occur.”  Examples include, changes to ecological systems such 
as predator/prey relationships, long-term habitat changes, or anticipated changes in human activities 
including changes in land use.  The geographic extent of these effects is the action area, defined as “all 
areas to be affected directly or indirectly by the Federal action and not merely the immediate area 
involved in the action” (WSDOT 2001).  Indirect effects for transportation projects can include changes 
in land use such as the development of undeveloped areas when that change is induced by the action or 
can reasonably be expected to result from the action, which is the subject of consultation.   

Cumulative Effect “is the impact on the environment which results from the incremental impact of the 
action when added to other past, present, and reasonably foreseeable future actions regardless of what 
agency (Federal or non-Federal) or person undertakes such other action”(40 CFR § 1508.7).  Cumulative 
impacts can result from individually minor but collectively significant actions taking place over a period 
of time.   

METHODOLOGY 

This methodology used in this analysis is specifically designed to comply with WSDOT’s ESA, 
Transportation and Development, Assessing Indirect Effects, a guidance paper issued in May 2001 
(WSDOT 2001).  Based in part on this guidance paper, the following areas will be reviewed as part of this 
analysis:  

• Size of the Action Area 

• Identify Any Secondary Development that Would Result from the Proposed-Action Within the 
Designated Action Area 
− Population and Employment Forecasts 
− Travel Demand Modeling 
− Population and Employment Distribution 

• Changes in Impervious Surface Area  

• Proposed, Listed Species, or Designated Critical Habitat in the Action Area 

• Rules or Measures in Place to Help Minimize the Potential Indirect Effects 

Determine the Size of the Action Area 

The action area is identified as the area where secondary development could reasonably be expected to 
occur because of the added transportation capacity.  The action area would include all areas directly or 
indirectly affected by the project action, and not merely the immediate area involved in the action 
(WSDOT 2001).  At present, the action area for the indirect effects analysis of the Cross-Base Highway 
Project is generally defined by State Route (SR) 512 on the north, SR 161 on the east, Interstate 5 on the 
west, and the City of Eatonville on the south (See Figure 1).  Figure 1 illustrates the population and 
employment percent change (weighted average) within the action area.  The initial results show that most 



 TECHNICAL MEMORANDUM (CONTINUED) 

Pierce County  554-1588-030 
Cross-Base Highway  4 March 2003 

of the population and employment influences will occur in urban growth areas (UGAs) centered on 
Graham, Frederickson, Eatonville, Roy, and Lakewood.   

Identify Any Secondary Development that Would Result from the Proposed-Action Within 
the Designated Action Area 

Information from the Puget Sound Regional Council (PSRC) was instrumental in preparing this analysis.  
PSRC is an association of cities, towns, counties, ports, and state agencies that serves as a forum for 
developing policies and making decisions about regional growth and transportation issues in the four-
county central Puget Sound region, and forecasts population, employment, and land use in the four-
county region (King, Kitsap, Pierce and Snohomish counties).  PSRC forecasts land use through a process 
that promotes the integration of local comprehensive plans and regional consensus. As of May 2001, local 
jurisdictions and PSRC have updated their land use plans and forecasts through 2030.  This analysis 
factors in road improvements such as the Cross-Base Highway to determine the change in population and 
employment.   

In addition, Destination 2030 (PSRC 2002) is the Metropolitan Transportation Plan (MTP) for the central 
Puget Sound region and the transportation element of VISION 2020, the region’s growth management, 
economic and transportation strategy.  PSRC has developed this transportation plan to examine the 
region’s transportation needs for the next 30 years and lay out a course to improve the transportation 
system to meet anticipated growth with systems and policies to support it.  The Cross-Base Highway is 
part of this regional MTP and this project and other regional transportation projects were 
programmatically evaluated on the basis of the region’s growth management, economics, and 
transportation needs.  The Cross-Base Highway and other regional transportation projects in Pierce 
County, such as 112th Street East/South, 176th Street East, and Canyon Road East, are also listed in the 
PSRC Metropolitan Transportation System (MTS) projects list within the regional Destination 2030 
analysis.  A listing of these projects and other regionally significant transportation facilities can be 
accessed online at http://www.psrc.org/projects/mtp/projectlist.pdf.  Any impacts to land use and 
population distribution, and thus indirectly to ESA-listed species habitat, resulting from these regional 
transportation projects therefore become the baseline condition for this Cross-Base analysis. These 
changes have already been incorporated into the PSRC baseline model data for the year 2030 and thus 
represent the “current level of development,” before the present model runs.  

The PSRC modeling to forecast population and employment for the Cross-Base Highway was developed 
in the following sequence:  

• Population and employment for the region was forecasted for the year 2030 and put into the travel 
demand model (EMME/2).   

• The travel demand data was then used to forecast travel times for the preferred Cross-Base 
alternative (Proposed-Action Alternative).  

• Output from the travel demand model was then used to forecast travel times for each of the 
Cross-Base Highway conceptual alternatives, the No Build and Proposed-Action alternatives.   

• The travel times were then input into another model, the Disaggregate Residential Allocation 
Model/Employment Allocation model (DRAM/EMPAL), which forecasted the allocation of 
population and employment throughout the four-county region to analyze the direction and 
relative magnitude of the change in growth.  This distribution of future development is generally 
assumed to translate into additional impervious surface, and is what was used to determine 
potential indirect effects of the project on ESA-listed species.   

A more detailed explanation of the models is provided below. 
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Population and Employment Forecast 

The first step is for PSRC to forecast the population, employment, and income for the four-county region 
as a whole using STEP97 (Synchronized Translator of Economic Projections, 1997), PSRC’s econometric 
model.  The STEP97 model is designed to simulate the basic dynamics of the central Puget Sound 
region’s economy and provide long-term economic and demographic forecasting for analysis of 
transportation project and policy impacts (PSRC 1997).  After regional totals are forecast, the totals are 
allocated to FAZs using a pair of programs (DRAM and EMPAL) and a process of local review.  The 
models are designed to simulate some of the basic locational dynamics among and within the various 
geographic subareas of the region in order to make long-range forecasts of the location of households and 
jobs within the region, and to provide an easily applied tool for analyzing location impacts of projects and 
policy changes (PSRC 1997).  For the purposes of this analysis, the models forecast changes in the 
location of population and employment within the two-county area (King/Pierce Counties), but do not 
change the regional totals for a given forecast year. 

Travel Demand Modeling 

The PSRC’s four-county EMME/2 travel demand forecasting model was selected as the appropriate tool 
for developing the data inputs to run the STEP97 model.  Information on a number of different 
performance measures, average travel times between activity centers, mode shares, vehicle miles of travel 
(VMTs) and vehicle hours of travel (VHTs) can be obtained from this model.  The PSRC model is 
multimodal and captures both regional and corridor level trip making.  As part of the Cross-Base EIS 
alternatives analysis, a more detailed traffic operational modeling and analysis was conducted using 
Pierce County’s travel demand forecasting model to assess local traffic impacts as well as to identify 
ways to mitigate potential impacts. 

Population/Employment Distribution 

The final step for modeling involved allocation of population, households, and employment throughout 
the region based on the Cross-Base preferred alternatives’ travel times using the DRAM/EMPAL models.  
As stated above, the models are designed to simulate some of the basic locational dynamics among and 
within the various geographic subareas of the region in order to make long-range forecasts of the 
locations of households and jobs within the region, and to provide an easily applied tool for analyzing 
location impacts of projects and policy changes (PSRC 1997).   

The small areas defined in the allocation process are called Forecast Analysis Zones (FAZs).  There are 
219 FAZs within King, Kitsap, Pierce and Snohomish counties.  They are created using 1990 census 
geography (tract and blocks) and generally approximate relevant boundaries such as municipal 
jurisdictions and community planning areas.   

Household and job locations for the FAZs are predicted from zone-to-zone travel times and a set of zone 
attractiveness variables, subject to regional totals of population, households, and jobs derived from the 
Council’s regional forecasts.  For this analysis, the DRAM/EMPAL model was run while keeping all 
factors constant except travel times for the Cross-Base preferred alternative.  This alternative would 
provide a more direct route and shorter travel times between residences, employment sites, and retail 
shopping opportunities in mid-Pierce County, Lakewood, and DuPont.  It would also provide a four-lane 
direct east-west connection for the efficient movement of people and goods between I-5 (north and south), 
SR 7, SR 161, and the Frederickson, and Thun Field, and Sunrise employment centers, saving time and 
energy.   
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After receiving the DRAM/EMPAL model forecasts for population and employment for the No Build 
alternative and Proposed-Action (preferred) Alternative by FAZ and county, the percent change from the 
baseline (No Build alternative) to the build alternative (Proposed-Action alternative) was calculated. The 
analysis also considers the weighted average percent change [(PopA - PopB) + (EmpA - EmpB) / (PopB 
+EmpB)] for each alternative, which simplifies the comparison between alternatives by combining 
population and employment into one figure.  Although the changes forecast by the models are quite small, 
they are considered indicative of how changes in capacity on the Cross-Base corridor could influence 
future development and provide a valid means of comparing the no-build and build alternatives to each 
other.  The results of the model are presented in the Results section and in Figures 1-4.  Figures 1-4 
illustrate the percent change in population and employment (weighted average) within the action area and 
the estimated (existing) average impervious surface by FAZ.   

Changes in Impervious Surface Area 

Indirect impacts for transportation projects include “changes in land use such as the development of 
undeveloped areas when that change is induced by the action or can reasonably be expected to result from 
the action, which is the subject of the consultation” (WSDOT 2001).  The method used to predict future 
secondary development attributable to the transportation project will be to predict the location of 
population and employment growth for each alternative.   

Extensive research has been conducted on the impacts of urbanization on streams, wetlands, and salmonid 
habitat in the Puget Sound Lowland (May et al. 1997; R2 Research Consultants et al. 2000).  The greatest 
impacts of urbanization to streams, in order of importance, typically include: changes in hydrology, in 
riparian corridor, in the physical habitat of streams, and in water quality.  In a given watershed, any one of 
these impacts may be a limiting factor for Salmonid production.  Total impervious area (TIA) is a 
commonly used general indicator of impacts to stream conditions within a watershed.  This research 
confirms that significant impacts to stream biological communities occur (due primarily to changes in 
hydrology) at relatively low levels of urbanization:  at 8 to 12 percent TIA.  Once a watershed moves 
beyond this density, extraordinary and extensive efforts are necessary to support abundant, wild, self-
sustaining populations of salmonids.  A TIA in the range of 8 to 12 percent represents the range of 
impervious area when a watershed transitions from five-acre lots to one-acre lots.  This is significant in 
Washington State because one-acre lots have been defined as “urban” under the Growth Management Act 
(R2 Research Consultants et al. 2000).   

In order to gain an understanding of how changes in population and employment would affect natural 
resources in the project area, results of the DRAM/EMPAL modeling were applied to GIS data layers 
showing zoning data and the extent to which impervious surface covers the area.  The impervious surface 
data was obtained from the Community and Environment Spatial Analysis Center (CommEnSpace), a 
non-profit organization that provides mapping and geographic information technologies to environmental 
and community organization in the Pacific Northwest (CommEnSpace 2002).  For this initial analysis, 
detailed data were obtained only for the study area.  The zoning data was collected from Pierce County 
Planning and Land Services Department.  Land that is not developable by zoning ordinance includes 
parks/open space, agriculture, commercial forest, and resource extraction and is marked by cross-
hatching.  Non-developable lands are excluded from calculations of changes in population and 
employment and impervious surface.  Land zoned commercial, industrial, mixed-use, residential, and 
TGM (tribal, government, and military) is considered developable.   

Comparing the zoning and current level of impervious surface to the population and employment 
distribution gives an indication of how much new impervious surface might be created on developable 
land under each alternative scenario.  An increase in impervious surface in watershed basins with a 
currently low percentage of impervious surface (e.g., less than 10 percent TIA) is considered detrimental 
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to stream hydrology, water quality, and ESA-listed species.  By contrast, population and employment 
increases, in areas where impervious surface is already high due to increasing densities, would be 
preferred because watersheds with high levels of imperviousness are relatively highly degraded in terms 
of habitat value compared to watersheds with lower levels of imperviousness.   

The results were also presented as a scatter plot and trend line (linear regression) comparing population 
and employment growth (overall percent change) to the current percentage of impervious surface area 
(see Figure 3 and 5).  The percentage of impervious surface coverage area for each FAZ is calculated 
based on the area of developable land; areas zoned undevelopable (parks, open spaces, agriculture, 
resource extraction, commercial forest) are not considered.  A positive trend line (increasing from left to 
right) indicates relatively more development in areas with higher amounts of existing impervious surface.  
A negative trend line (decreasing from left to right) shows relatively more development in areas with less 
impervious surface.  When reviewing the results on the impervious surface maps (see Figures 2-4) and 
scatter plot (see Figure 5), it is important to keep in mind that recent studies in the Puget Sound region 
have found areas that have more than 10 percent impervious surface have little or poor habitat value, 
including a University of Washington study on the mitigation of urbanization impacts in King County.  
The paper states, “ . . . approximately 10 percent effective impervious area in a watershed typically yields 
demonstrable degradation, some aspects of which area surely irreversible (Booth 2000).” 

Identify the Proposed, Listed Species, or Designated Critical Habitat in the Action Area 

The USFWS has requested an evaluation of how secondary or indirect impacts of the Cross-Base 
Highway project will affect listed species and their habitat.  This includes bull trout (Salvelinus 
confluentus) since some of the communities that the project will service are located within WRIA 10 
(Lower Puyallup), and the Lower Puyallup watershed contains a subpopulation of bull trout that is 
considered “depressed” (USFWS 1998).  Additional watersheds and subwatersheds within the analysis 
area include Chambers Creek (WRIA 12), Upper Puyallup River, Mashel/Ohop, Lowland, and Nisqually 
(WRIA 11) (See Figure 1). 

Rules or Measures in Place to Help Minimize Potential Indirect Effects 

Within the action area, existing local Critical Areas Ordinances (CAO) administered by Pierce County 
and the local jurisdictions would help provide protection for listed species and habitat.  Such measures 
would include protection for riparian or wetland buffers, stormwater regulations, and the implementation 
and enforcement of existing CAOs.  Other protective measures would include compliance with the Pierce 
County Fish and Wildlife Habitat Areas and Shoreline Management regulations, Washington Department 
of Wildlife (WDFW) Hydraulic Project Approval (HPA), Washington State Environmental Policy Act 
(SEPA), Washington State Shoreline Management Act (SMA), and the Washington State Department of 
Ecology Stormwater Management Manual (Ecology 2001).  The full suite of mitigation measures are 
described in more detail within Sections 4.3- and 4.4 (Waterways/Hydrology, and Water Quality), Section 
4.5 (Wetlands), and  Section 4.6 (Wildlife, Fisheries, Vegetation).   

RESULTS 

Overall, the changes in the distribution of population and employment based on the Cross-Base 
alternatives (Proposed-Action and No Build) were relatively small, with most FAZs in Pierce County 
showing changes between 0.2 percent and -0.2 percent, and FAZs in south-central Pierce County showing 
changes between 0.3 to 0.9 percent (Figure 1).  For purposes of this analysis, FAZs showing average 
percent changes between 0.2 percent and -0.2 percent were categorized as having no change and were 
removed from consideration.  The results are presented below by alternative.   
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No Build 

The No Build Alternative shows the future level of development without the Cross-Base Highway.  
Population and employment for the year 2030 have been forecast based on the Cross-Base No Build 
alternative.  It was used as the baseline, and all numbers in the following discussion are compared to this 
baseline.  Positive numbers represent growth greater than the baseline (Cross-Base No Build) and 
negative numbers represent growth less than the baseline. 

Proposed-Action Alternative 

For Pierce County as a whole the percent change over baseline (No Build) was 0.01 percent for 
employment and 0 percent for population.  Because the Cross-Base Highway is included in county and 
regional transportation plans, the corresponding changes show the influence of the project on future 
development patterns.  This alternative does not draw growth from other counties.  The overall percent 
change resulting from the Proposed-Action alternative, which combines both population and employment, 
was 0.01 percent.  See Table 1 and Figure 1 for the total percent change of each FAZ within the action 
area and greater Pierce County.   

Table 1.  2030 Total Percent Change (Pop./Emp.) Between No Build and Proposed Action 

2030 No Build 2030 Proposed-Action 

Population Employment Population Employment 

2030 
Percent 

Change1 in 
Population 

2030 
Percent 

Change in 
Employment 

2030 Average Percent 
Change in Combined 

Population/Employment 

978,345 378,460 978,524 378,266 0.0 0.1 0.1 

The regional modeling results for the Proposed-Action show slight changes from the baseline (No Build 
Alternative).  The FAZs showing the greatest percent change are defined as 405 (Frederickson), 505 
(Frederickson), 2926 (Graham), 2925 (Roy), 110 (Lakewood), and 2927 (Eatonville).  The results are 
presented below in Table 2 by FAZ with estimates provided for existing impervious surface coverage. 

Table 2.  2030 Percent Change in Population and Employment by Forecast Analysis Zones with 
Existing Impervious Surface Coverage 

 
2030 No Build 2030 Build Alternative 

Forecast 
Analysis Zone Population Employment Population Employment

2030 
Percent 
Change1

Average 
Percent 
Existing 

Impervious 
Surface2 

Watershed/ 
Subwatershed 

405 - Frederickson 27,105 4,327 27,223 4,339 0.4% 28% Chambers Creek 

505 - Frederickson 39,385 8,820 39,594 8,831 0.3% 19% Chambers Creek/Lower 
Puyallup 

2926 - Graham 27,012 1,051 27,169 1,053 0.4% 12% Lowland, Mashel/Ohop, 
Upper Puyallup 

2925 - Roy 16,226 655 16,368 656 0.9% 16% Lowland, Mashel/Ohop

2927 - Eatonville 5,201 1,081 5,238 1,081 0.6% 9% Mashel/Ohop, Upper 
Puyallup, Nisqually 

110 - Lakewood 6,396 1,184 6,417 1,191 0.5% 31% Chambers Creek 
1 Percent change based on weighted average in population and employment in FAZ. 
2 Existing impervious surface based on weighted average across FAZ. 
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For the Proposed-Action alternative, the greatest increases over the No Build alternative tend to occur in 
areas of low to moderate levels of impervious surface coverage (e.g., 9 percent to 31 percent) (Figures 3 
and 4).  The trendline on the scatter plot is also slightly negative, suggesting that increases in population 
and employment over baseline would tend to occur where impervious surfaces are relatively low to 
moderate (Figure 5).  The one exception would be the Eatonville FAZ (9 percent impervious surface 
coverage), if forecasted growth pushes the impervious surface coverage over the 10 percent level.  Further 
examination of this trendline, however, confirms that a majority of the percent increases in population and 
employment would occur in moderately developed areas where impervious surface coverage is already 
between 16 percent and 31 percent (Figure 5).  Such a trend largely reflects infill development.  Infill 
typically includes well-planned growth, the management of sprawl, and development in areas designated 
for growth (e.g., UGAs), rather than on the periphery.  Infill encourages the development of underutilized 
or vacant land located in the UGAs.  Infill development has the positive effect of shifting development 
pressure from locations lacking infrastructure or public services to locations with existing services, thus 
capitalizing on previous public investment.   

To summarize, the indirect effects analysis looks at the percent change in population/employment and the 
potential indirect effects in the action area with and without the Cross-Base Highway in 2030.  The 
analysis does not compare the change in growth from the existing conditions to the year 2030.  As noted 
in the results section above, the overall percent changes are relatively small countywide (e.g., 0.1 
percent).  The preliminary results also do not represent a significant percent change in population and 
employment within the specific FAZs in the action area.  This can be explained by the fact that the PSRC 
regional model bases potential growth on employment targets and accounts for additional growth factors 
specifically in areas where access will be improved.  For the Cross-Base Highway project, the access 
improvements are defined as the I-5 corridor near Lakewood, where improvements would occur to both 
the Thorne Lane and Gravelly Lane interchanges.  The model does not assume improved access 
throughout the remaining segments of the corridor (e.g., Graham, Frederickson, Roy, Eatonville), thus the 
resulting percent changes for employment reflect this fact.  Furthermore, the action area includes SR 7, 
SR 512, and SR 161, therefore, the Cross-Base Highway would provide for a more direct connection to 
south-central Pierce County, although, the area where the connections would occur is presently served by 
an existing road network.   
 
CONCLUSIONS 

The Cross-Base Highway Project is not expected to change the level of overall population and 
employment growth in the action area, but it could influence, to a small degree, the distribution of that 
growth.  Preliminary modeling results indicate that in comparison to the No Build alternative, the 
Proposed-Action alternative would not change the distribution of population and employment much, and, 
therefore it is unlikely to have adverse indirect effects on ESA-listed species.   

The Proposed-Action alternative may have some indirect effects on ESA-listed species by shifting a very 
small part of future growth to less developed, and potential critical habitat areas, however, such growth is 
largely planned for in areas within the UGAs of unincorporated Pierce County and/or the incorporated 
cities.  The statistics derived from the Pierce County Buildable Lands Report further indicate that Pierce 
County’s existing UGAs contain the necessary land needs and capacity to accommodate the planned 
future growth (Pierce County 2002).  This trend is also confirmed by the analysis performed by PSRC in 
the Destination 2030 Study, which shows a current estimate of 75 percent of the population within Pierce 
County residing inside UGAs (PSRC 2002).  Therefore, a sufficient amount of housing units and 
employment capacity exists within the Pierce County UGAs and a shift in growth to these areas (versus 
growth in areas outside UGAs) could have an overall beneficial effect in preserving the rural nature of the 
Lower Puyallup Watershed, habitat critical to ESA-listed species.   
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As a supplement to this analysis, the Thurston Regional Planning Council (TRPC) was contacted 
regarding the potential indirect effects of the Cross-Base Highway on Thurston County.  According to 
TRPC, they currently do not use an interrelated transportation and land use model similar to the modeling 
system used by PSRC. However, the TRPC population and employment analysts do not foresee a 
measurable change in population and employment in Thurston County as result of the Cross-Base 
Highway Project (Gilbert 2003). 

MODEL LIMITATIONS 

The PSRC transportation demand model is a regional model that produces reasonable forecasts at the 
corridor and screenline level and can be used for the comparative analysis of system performance across 
major alternatives.  Direct model output at the arterial and intersection level of detail must always be used 
with caution.  The forecasting results were reviewed carefully for reasonableness and consistency for the 
No Build and Build (preferred) alternatives and overall the model performs well in producing forecasts to 
compare different alternatives.  However, this presentation tends to overemphasize population and 
employment changes in rural FAZs in comparison to FAZs with high population and employment.  This 
is because small absolute changes in FAZs that have relatively small population and employment may 
show up as large percent changes.  Conversely, it requires a larger absolute change to show even a small 
percent change in areas of higher population and employment. 

REFERENCES 

Booth, Derek B.  2000.  Forest Cover, Impervious Surface Area, and the Mitigation of Urbanization 
Impacts in King County, Washington.  Prepared for King County Water and Land Resources 
Division.  Seattle, Washington.  September 2000.   

Council on Environmental Quality (CEQ) Regulations Implementing NEPA.  Washington, D.C.  July 
1986.  40 CFR §§ 1500–1508.   

CommEnSpace.  2002.  Impervious Surface Data Set (Pierce County and Southern King County).   

Ecology (Washington State Department of Ecology).  2001.  Stormwater Management Manual. 

Gilbert, Holly.  2003. Thurston Regional Planning Council (TRPC), Senior Planner. Personal 
communication of March 13, 2003 regarding potential indirect effects to Thurston County, WA.   

May, C.W., E.B. Welch, R.R. Horner, J.R. Karr, and B.W. Marr.  1997.  Quality indices for urbanization 
effects in Puget Sound lowland streams.  Water Resources Series Technical Report No. 154.  
Washington State Department of Ecology, Publication No. 98-04. 

Pierce County Planning and Land Services Department. 2001. Pierce County Comprehensive Plan.  
Tacoma, Washington.   

Pierce County Planning and Land Services Department.  2001. GIS Data Set for Land Use and 
Comprehensive Planning.  Tacoma, Washington.   

Pierce County Planning and Land Services Department.  2002.  Pierce County Buildable Lands Report.  
September 2002.  Tacoma, Washington.   

PSRC (Puget Sound Regional Council).  1997.  Regional Economic and Demographic Database, 
modeling, and forecasting:  specification of Synchronized Translator of Economic Projections 
(STEP97).   



 TECHNICAL MEMORANDUM (CONTINUED) 

Pierce County  554-1588-030 
Cross-Base Highway  11 March 2003 

PSRC (Puget Sound Regional Council).  2002.  Destination 2030 Study, Regional Context Chapter.  
Accessed online in February 2003 at: http://www.psrc.org/projects/mtp/chapter2.pdf.  Seattle, 
Washington.   

R2 Resource Consultants, CH2MHILL, and Shapiro and Associates.  2000.  Tri-County ESA guidance 
document: Urban issues study.  Prepared for the Tri-County Urban Issues Advisory Committee, 
c/o City of Bellevue, Washington.   

USFWS (United States Fish and Wildlife Service).  1998.  Candidate and Listing Priority Assignment 
Form for the Coastal/Puget Sound population segment of Bull Trout.   

WSDOT (Washington State Department of Transportation).  2001.  ESA, Transportation and 
Development, Assessing Indirect Effects.  Guidance Paper.  Washington State Department of 
Transportation, Environmental Affairs Office.  Olympia, Washington.  May 14, 2001.   



Figures 
ESA Indirect Effects Analysis









 TECHNICAL MEMORANDUM (CONTINUED) 

Pierce County  554-1588-030 
Cross-Base Highway  14 March 2003 

 

Percent Impervious Surface vs. Population Employment %  Change
Cross Base Highway Proposed Action Alternative

-0.5

0

0.5

1

1.5

2

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Po
pu

la
tio

n 
&

 E
m

pl
oy

m
en

t %
 C

ha
ng

e

Percent Impervious Surface.  Figure 5

Eatonville Lakewood
Frederickson

Roy

Graham

 

 

   
 

 

 


