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. EXECUTIVE SUMMARY

I.1. Background

The observed and anticipated increasing trends in extreme storm magnitude and frequency,
as well as the associated flooding risk in the Pacific Northwest highlighted the need for revising
and updating the local intensity-duration-frequency (IDF) curves, which are commonly used for
designing critical water infrastructure. In Washington State, much of the drainage system installed
in the last several decades use IDF curves that are outdated by as much as half a century, making
the system inadequate and vulnerable for flooding as seen more frequently in recent years. In this
study, we have developed new and forward looking rainfall and runoff IDF curves for each county
in Washington State using recently observed and projected precipitation and watershed data.
Regional frequency analysis coupled with Bayesian uncertainty quantification and model
averaging methods were used to developed and update the rainfall IDF curves, which were then
used in hydrologic model to develop the runoff IDF curves that explicitly account for effects of
snow and drainage characteristic into the IDF curves and related designs. The resulted rainfall and
runoff IDF curves provide more reliable, forward looking, and spatially resolved characteristics of
storm events in Washington State that can assist local decision makers and engineers to thoroughly
review and/or update the current design standards for urban and rural stormwater management

infrastructure.
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1.2. Objectives

The overall objective of this study is to revise the rainfall IDF curves for Washington State
using recent and future precipitation data, develop the associated Runoff IDF curves, and quantify
the uncertainty related to model and parameters. Specifically, the study: 1) gather and screen the
most up-to-date gaged rainfall data from various sources, 2) conduct trend and seasonality analyses
on historical extreme precipitation, 3) delineate climatologically homogeneous regions for each
rainfall durations considered, 4) identify multiple appropriate probability distributions for each
region and apply Bayesian Averaging Method to combine them, 5) estimate the distribution
parameters and associated uncertainty, 6) generate rainfall IDF curves for each regions with
rainfall durations from 1-hour to 10-day and return periods from 2 years to 100 years, 7) spatially
interpolate the resulted IDF curve values using a site-specific scale factor to account for regional
variability, 8) interpolate the IDF curves to county level using the overlapped areas of the regions
and counties as scaling factor, 9) incorporate climate projections in the estimated IDF values, 10)
generate the runoff IDF curves for selected watersheds, and 11) present revised IDF estimates in
tabular and graphical forms. The report provides precipitation and runoff frequency estimates for
durations of 15-minutes through 10-days at average recurrence intervals of 1-year through 100-
year for the WA state with associated 90% confidence intervals and supplementary information
on temporal and spatial distributions of heavy precipitation and runoff, analysis of seasonality and
trends in precipitation annual maxima, etc. It includes pertinent information on development
methodologies and intermediate results. The detail results will also publish through our interactive

webserver.
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1.3. Data Used

The study uses rainfall and snow data obtained from 645 daily and 116 sub-daily (hourly
and 15-minute) rainfall and snow recording stations throughout Washington and part of Idaho,
Oregon and Canada. The daily data covers from 1891 to 2014, while the sub-daily data covers
from — to --. These datasets went through rigorous screening, quality checking and filling of the
missing values. For daily data, stations with record length greater than 30 years and data coverage
of more than 90% were selected from National Climatic Data Center’s Global Historical
Climatology Network (GHCND), Global Summary of the Day (GSOD) and Natural Resources
Conservation Service’s SNOTEL databases. For sub-daily data, stations having at-least 15 years
of data with 80% coverage were selected from National Climatic Data Center’s Cooperative
Observer Network (COOP) and Washington State University Irrigated Agriculture Research and
Extension Center’s AgWeatherNet datasets. Discordancy analysis was conducted based on the
entire stations records to identify stations with possible outlier records. Discordant stations were
further investigated to examine the source of the outliers and decide whether to keep or remove

the stations.

I.4. Methodologies

Regional frequency analysis, Bayesian methodology and hydrologic model were
respectively used to update the current IDF curves, quantify the associated uncertainty and
generate the runoff IDF curves. The regional frequency analysis based on L-moment statistics of
the precipitation annual maxima was used to identify climatologically homogeneous regions,
chose appropriate frequency distributions, estimate the parameters of the distributions, and

compute quantile estimates. Unlike to site-specific frequency analysis which relies on data from a
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given station, the regional frequency analysis allows polling data from stations within
climatologically homogeneous region in order to improve the overall accuracy of the quantile
estimates. We have introduced Fuzzy clustering approach to delineate the climatological
homogenous regions based on physical characteristics of rainfall stations and to automate
adjustment of regions during the homogeneity analysis. Assuming that the extreme precipitation
spatial patterns and coverages change with their durations, the regional frequency analysis was
conducted independently for each rainfall duration considered in this study. This is a departure
from most other similar studies which considered similar regions for various rainfall durations. In
addition, instead of selecting a single best-fitted probability distribution for each region, this study
selects multiple probability distributions that reasonably fit the observed extreme precipitation data
and apply Bayesian Model Averaging technique to combine their quantile estimates. The HEC-
HMS hydrologic model was used for selected watershed in Washington State to estimate the peak

flows associated with design storms and to develop the runoff IDF curves.

1.5. Results

Stationarity of the extreme precipitation data is a required condition for reliable estimate
of their quantiles and for developing the IDf curves. In this study trend, correlation, and
heteroscedasticity analyses were conducted for precipitation annual maxima with durations from
15 minutes to 10 days. Overall, more stations (up to 33%) show statistically significant decreasing
trends for short durations precipitation annual maxima, while up to 8% of the stations showed
increasing trends for longer durations (daily and longer) precipitation annual maxima. No
noticeable correlations were observed in precipitation annual maxima for all the durations

considered in this study, while some stations consistently show increasing variance for all the
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durations. Similar trend, correlation, and heteroscedasticity analyses were conducted at regional
level using precipitation annual maxima polled from stations within homogenous regions. No
noticeable trend, correlation and heteroscedasticity were observed at regional level, allowing for
direct application of regional frequency analysis to develop the IDF curves without the need for
further data filtering. There are also distinct variations on the seasonality of the extreme storms in
Washington State, with majority of the storms occur during winter (DJF) in Western Washington

and during spring (AMJ) in Eastern Washington.

The homogeneity analysis using Fuzzy clustering and L-moment statistics identify: 1) 5
regions with average 17 stations per regions for 15 and 30 minutes storms, 2) 6 regions with
average 18 stations per regions for 1, 2, 3, 6, 12 hours storms, and 3) 26 regions with average 22
stations for 1 to 10 days storms. Earlier study by Wallis et al. (2007), divided WA into 12 regions
to estimate the 2 hour and 24 hour precipitations frequencies. Unlike to the traditional regional
frequency analysis which select a single probability distribution for each region that best-fit the
precipitation annual maxima, in this study multiple probability distributions that reasonable fit the
data were selected and combined using Bayesian Model Averaging method. For the 15-minute
storms, the Generalized Normal (GNO) and Pearson Type Il (PE3) distributions are found to be
suitable for 40% of the regions, while the Generalized Logistic (GLO), Generalized Extreme Value
(GEV) and GNO distributions are suitable for 20% of the regions, and only GNO is suitable for
the remaining 40% of the region. For the 30-minute storms, the GLO, GEV, and GNO are suitable
for 60% of the regions, while GNO and PE3 are suitable for 40% of the regions. For 1-hour storms,
the GLO, GEV, and GNO are suitable for 50% the regions, while the rest of the regions use either

GLO and GEV or GNO and GEV. Different combinations of these distributions and other
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distributions such as Generalized Pareto (GPA) and Kappa are found to be suitable for the

remaining durations and associated regions.

Rainfall IDF curves with associated 95% uncertainty ranges were generated for each
homogenous region, which were then interpolated to gridded map and county level IDF curves
using, respectively, the mean annual maximum precipitation and the overlapped areas of counties
and homogenous regions as scaling or weighting factors. The resulted IDF curve values were
compared to currently available IDF values in Washington, which are obtained from the
Washington State Department of Transportation (WSDOT), NOAA Atlas 2 and Wallis et al.
(2007) spatial maps for 2-hour and 24-hour durations extreme precipitations. The results from the
first two comparisons (i.e., WSDOT and NOAA Atlas 2) are presented in this report, while the
comparison with the Wallis et al. (2007) results showed large differences along the mountains that
need further examination and thus are not included in this report. Overall, except for Walla Walla,
the WSDOT estimates larger amount of precipitations for 2-year storms compared to this study
and that of NOAA, while for the 100-year storms, this study estimated relatively large amount of
precipitation in the southeast (Yakima, Walla Walla, and to some extent Kennewick) compared to
the one estimated by WSDOT and NOAA. Based on these preliminary observations, the current
drainage systems designed based on WSDOT’s estimate of precipitations are expected to be
adequate for draining design storm with shorter return periods in most parts of the state. However,
for design storm with larger return periods, depending on locations, retrofitting of the drainage

system might be required.

To investigate the effect of future climate on extreme precipitation and associated IDF

values, the study considered data from two climate models (BCC-CSM1.1 and CanESM2) and
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two scenarios (RCP 4.5 and RCP 8.5). However the resulted extreme precipitation estimates were
found to be smaller than the historical values, suggesting for further studies by including more
climate models, addressing their uncertainty and limitations in projecting extreme storm events as

most of the climate models are primarily designed to capture mean patterns.

Finally, the runoff IDF curves generated the study for selected watershed in Washington
provide a direct link between anticipated severe storms, which can be obtained from the rainfall
IDF curves, and runoff peaks and flood risk, which in return can be used to better design and
manage drainage systems. In addition, the runoff estimate allows to incorporate effect of snowmelt
and drainage changes in the IDF analysis and assessment of effectiveness of drainage and flood

control structures and managements.
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1. Introduction

Stormwater and flood management infrastructures are commonly designed to handle
specific design storms derived from historical rainfall intensity-duration-frequency (IDF) curves
based on the assumptions that these rainfall characteristics will remain unchanged throughout the
design lifetimes of the infrastructures. However, the historical and projected increase in frequency
and intensity of extreme rainfall (Kunkel et al. 2013, Groisman et al. 2012) may violate this
assumption, making the infrastructures inadequate and vulnerable for flooding as seen more
frequently in recent years. In Washington State, for example, majority of the drainages and flood
control structures were designed based on IDF curves information obtained from: (1) Arkell and
Richards (1986) for shorter duration (or less than one hour) rainfall; (2) NOAA Atlas 2, Volume
9 (Miller et al. 1973) for 1-24 hour rainfall; (3) Technical Paper 49 (Miller 1964) for 2-10 day
rainfall. The Washington State Department of Transportation (WSDOT) updated the 2-hour and
24-hour rainfall frequencies and spatial maps using precipitation records up to 2000 for Western
Washington (Schaefer et al. 2002) and up to 2003 for Eastern Washington (Schaefer et al. 2006).
Due to the use of these outdated data, much of the drainage installed in Washington State in the
last several decades might be too small to handle current and future storms. This could lead to

inadequate drainage systems that potentially lead to higher flood risk, as seen in recent years.

Several studies (e.g., Janssen et al. 2014, Kunkel et al. 2013, Mass et al. 2011) have
evaluated historical trends of extremes precipitation of various durations, and have found a
dramatic increase in extreme storm events across the Pacific Northwest and other parts of U.S.
during the past half century. For instance, the third National Climate Assessment (Melillo et al.

2014) showed that the frequency of heavy precipitation (defined as top one percent of
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precipitation) has increased by almost 20% on average in the U.S. and by about 12% in the Pacific
Northwest since 1958. In a similar study, Madsen and Figdor (2007) analyzed the historical trends
of extreme precipitation from 1948 to 2006 for the entire Washington State and Puget Sound
region, and found 30% and 45% increase in the frequency of extreme precipitation, respectively.
Rosenberg et al (2010) evaluated the changes in annual precipitation maxima between 1956-1980
and 1981-2005 for storm duration ranging from 1-hour to 10-day in Seattle-Tacoma, Portland, and
Spokane areas. Their results showed that the annual maximum precipitations have increased for
all durations in Seattle-Tacoma, with the 24-hour storms showing the maximum increase of about
25%. The probability of occurrence of a 50-year storm in any given year has increased from 2%
to 12% during these periods, and is thus about six times as likely to occur. For Portland and
Spokane, the changes depend on the storm durations and range from -4% for 1-hour storms to 10%
for 10-day storms in Portland and from -10% for the 5-day storm to 15% for 12-hour storms in
Spokane. In addition to the increased frequency, the recent U.S. Environmental Protection Agency
report (USEPA 2014) also showed increasing trend in the spatial coverage of 1-day extreme

precipitation in the U.S. during 1910-2013.

The increasing trends in heavy precipitation are expected to continue in the future, with
likely intensification in most part of U.S. (NRC 2013, Groisman et al. 2012, Westra et al. 2013).
Particularly, the atmospheric rivers, which is the primary weather phenomena for causing extreme
precipitation and flooding in the Western U.S. (Neiman et al 2011, Ralph et al. 2006), are projected
to transport 26-30% more water vapor in the future (Warner et al. 2012), potentially leading to
increased severe storm and flood events in the region (Dettinger 2011). In the Seattle-Tacoma area
alone, the magnitude of a 24-hour storm is projected to increase 14-28% during the next 50 years.

Snover et al. (2013) also found the number of days of a given extreme precipitation rate in the
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Pacific Northwest increases by the 2050s relative to 1970 to 1999. Salathé et al. (2010) showed
increasing trend in future extreme precipitation intensity (annual total precipitation divided by the
number of wet days) over the northwestern portion of the state, while the rest of the regions do not

show significant trends.

The observed and expected increase in extreme precipitation events illustrate the
vulnerabilities of the storm drainage and flood control structures in Washington State, particularly
where stormwater detention and conveyance facilities were designed under assumptions of
stationary storm events that may no longer be valid. The heavy precipitation combined with aging
and inadequate drainage infrastructure has resulted in substantial changes in flood risks over much
of the western Washington (Rosenberge et al. 2010, Hamlet and Lettenmaier 2007). For instance,
since 1990, the King County has experienced 12 federally declared flood disasters, and Interstate
5 has closed four times due to flooding. The overall cost of flood damage in the state has also
increased over the years. The recent major flood and landslide events in Washington State,
including the December 2007 and January 2009 floods of the Chehalis River, the January 2009
floods in Seattle, and the March 2014 mudslide in Oso show the vulnerabilities of the current
drainage and flood control structures in the state to the change in extreme precipitation and resulted
flood. As the climate warms, the flood frequency is projected to increase in the future, with the
largest increases predicted in Puget Sound, southwest Washington, and east side of the Cascades

(Mantua et al. 2010).

1.1. Objectives

To address the non-stationarity of storms and associated flood risk, this study updated the

current IDF curves in Washington State using recently observed and projected precipitation data.
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Runoff IDF curves based on peak flow simulations results were generated for selected watersheds
in Washington State in order to directly take into account the effects of drainage and
snowpack/melt into IDF curves and associated flood risk. Specifically, the results include: (1) new
and updated rainfall and runoff IDF curves with 90% confidence intervals for rainfall durations
from 1-hour to 10-day and return periods from 2 years to 500 years for every county in Washington
State, (2) extreme precipitation maps for all the durations and return periods we have considered,
(3) assessment of risk posed by climate change and variability on existing storm drainage in Benton
County which is the most downstream county for the Yakima River drainage, and (4) tabulated
and geo-referenced data and use manual describing the data and the methodologies that can easily
be downloaded from our research webpage. The updated IDF curves will provide up-to-date and

local design standards and guidelines for storm drainage and flood control structures.

2. Data and Study Region

2.1. Study Region

The study area covers the State of Washington, which has significant and complex spatial
variability in climate and vegetation ranging from temperate coastal rain forests to glaciated
mountain ranges to arid scrublands (Salathé et al. 2010). The average yearly precipitation ranges
from more than 250 inches near to the coast and on the Cascade Mountain to less than 10 inches
in the southeast area (Figure 1). The Cascade Mountain, which extends from north to south splits
the state into west and east sides, create a rain-shadow effect that increase the rainfall amount on
west side of the mountain but block the penetration of moisture into east side. The precipitation in
the state also varies significantly from year-to-year because of the EI Nifio—Southern Oscillation

and its modulation by the Pacific Decadal Oscillation (Salathé et al. 2010). The extreme
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precipitation events are particularly very different spatially, even with minor physiographic
differences (Mikkelsen et al. 2005). Figures 1, 2 and 3 show the spatial variations of average annual
precipitation, average daily maximum precipitation and average hourly maximum precipitation,
respectively. Shorter durations maximum precipitations show more spatial variations compared to
longer durations maximum precipitations, verifying the need to delineate homogenous regions for

each storm durations we have consider.

Washington Mean Annual Precipitation
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Figure 1. Spatial distribution of mean annual precipitation in Washington (Source: MGS

Engineering Consultants)
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Figure 3. Spatial variation of average hourly maximum precipitation

2.2. Data

The study utilized 15-minute, hourly, and daily rainfall data obtained from various sources
(Table 1) for latitude range from 40°00'00”"N to 50°00'00”N and longitude range
116°00'00”"W to 125°00'00”W. The daily data for most of the sites were obtained from the
National Climatic Data Center’s Global Historical Climatology Network (GHCN) and Global

Summary of the Day (GSOD) databases, and from the Natural Resources Conservation Service’s
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SNOTEL database. The hourly data were obtained from U.S. Hourly Precipitation Data (DSI-

3240) and Integrated Surface Global Hourly Data (DSI-3505) archived at the NCDC. The 15-

minute data were obtained from the U.S. 15 Minute Precipitation Data (DSI-3260) archived at the

NCDC and the Washington State University Irrigated Agriculture Research and Extension

Center’s AgWeatherNet database. Figure 4 and 5 show the locations of stations with 15-min and

daily records after screening for data coverages.

Table 1. Datasets used for the study and their sources

Recording Intervals | Data Source Number of Stations | Number of Stations
Before Filtered After Filtered
15-minute DSI-3260 98 56
AgWeatherNet 170 44
1-hour DSI-3420 183 57
DSI-3505 283 59
1-day GHCN 2478 616
GSOD 282 28
SNOTEL 98 58

o AgWestherMet

*  DS1-2280

‘ﬁL“

Figure 4. Locations of stations with 15-minute precipitation records, record length greater

20 years and data coverage greater than 70%.
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Figure 5. Locations of stations with daily precipitation records, record length greater 30

years and data coverage greater than 90%.

2.2.1. Filtering Measurement Errors

In order to screen the data for potential measurement errors and outliers, we have conducted
the discordancy test (Hosking and Wallis 1997) for all the AM series at each site. The L-moments
and their ratios were estimated for all the AM series at each site after normalizing them by the at-
site mean. The L-moment ratios were then used to estimate the discordancy measure (D) which
identifies statistically unrelated site within the study area. By comparing the L-moment ratios of a

station with those of a region as a whole, the discordancy measure identifies sites having different
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L-moment ratios relative to other stations in a region. Station having a high value of the
discordancy measure within the study area can be identified as discordant. Hosking and Wallis
(1997) suggested critical value of D to be 3 for a station within a region having more than 15
member stations. Figure 6 shows discordant stations for 1-day AM series, while Figure 7 shows
the 1-day AM series for those discordant stations. As shown in Figure 7, some of the discordances
are resulted from possible measurement errors, which were removed from the daily data and the
associated AM series were regenerated. In addition to assisting in locating abnormalities in a data
set, the discordancy measure can aid in identifying homogeneous regions. If a site is discordant in
a particular region, it could be moved to another region, which may have relatively similar L-

moment ratios. This is discussed further in section 3.1.4.

Discordancy

472N 48N 49°W 50°N

46°N

45°N

I
126 1244 12290 1209 1185 1By 11450

Figure 6. Results from discordancy testing, showing discordant stations (D >= 3) in
triangles.
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Figure 7. AM time series for stations which are considered to be discordant (D >= 3). The

time series for most of the stations indicate the presence of potential measurement errors.

In order to avoid underestimating the precipitation annual maximum for a given year, the
record for a particular year was removed when the record coverage for the same year was less than

90% for daily or less than 70% for hourly and 15-minute data. This is illustrated in Figure 8, which
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shows the missed records in year 1908 resulting to relatively small precipitation annual maximum

for 1908. Such record years were removed from our analysis.

Finally, The 1, 2 and 5 day durations annual maximum precipitation (AM1, AM2 and

AMD) at each station were extracted and rescaled by dividing them with their respective average

values.
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Figure 8. Time series for annual maximum precipitation (left) and daily precipitation

(right) showing the impact of missed records on annual maximum data.

2.2.2. Trend, Correlation and Change in Variance

In addition to identifying potential measurement errors, the AM series for each station and
duration was evaluated for presence of trend, correlation, and change in inter-annual variance. Like
most statistical analyses, frequency analysis also requires stationarity and independence in the
data. The Mann—Kendall statistics (Z) (Mann 1945, Kendall 1975), which uses the Z-test and less
affected by outliers in data, was applied to investigate the stationarity and presence of linear trend

in the AM series. When |Z| >Z_crit, the null hypothesis of no trend can be rejected and the data is
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considered to have a significant trend. For the 95% confidence level or 5% significance level,
Z_crit=1.96. The Breusch—Godfrey test (Breusch 1978, Godfrey 1978) was used to detect serial
correlations in the AM series up to third order at the 5% significance level. The test is more general
than the Durbin—Watson statistic, which is only valid for testing the possibility of a first-order
autoregressive model (e.g. AR(1)) for the regression errors. Levene's test (Levene, 1960) was used
to test for homogeneity of variance in the AM series at the 5% significance level. The test has been
proven to be less sensitive to non-normality in data than some other commonly used tests. The test
evaluates whether two sub-samples in a given population have equal or different variances. In our

case we have divide the AM series to four sub-samples and evaluated the change in variances.

The results, in term of percentage of stations showing significant trend, correlation or
change in variance, were presented in Table 2 for AM series with durations ranging from 15-
minute to 10-day. For the sub-daily durations, the annual maximum precipitations showed
decreasing trends for almost one third of the stations. Particularly, the maximum precipitations
have decreased on the Cascade Mountain and Southeast region (Figure 9). About 7 to 8% of the
stations showed increasing trends for longer duration storm exceeding 1-day, while only 3 to 4%
stations showed decreasing trends for the same duration. Relatively few percentage of stations
showed correlations (first, second and third orders) for all the durations we have considered. The
change in inter-annual variability of the storms is relatively higher for shorter duration storm, with
more than 15% of the stations showing significant change in storm annual variation over time.
Similar trend, correlation and variance analyses were also conducted for each homogenous region
identified in this study and little evidence of such trends and change in variance was identified for
all the regions, allowing direct application of regional frequency analysis without the need for

adjustment of the AM series.
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Table 2. Trend, correlation and change variance for storms with durations ranging from
15-minute to 10-day.

Duration | Increasing | Decreasing | Correlation | Correlation | Correlation Change in
Trend (%) | Trend (%) | 1storder 2nd order 3rd order | Variance (%)
(%) (%) (%)
15 min 1.96 33.33 0 5.88 3.92 19.61
30 min 0 35.29 0 3.92 3.92 17.65
1 hour 0 28.99 0 3.92 3.92 17.65
2 hour 3.92 37.68 0 5.88 5.88 15.69
3 hour 1.96 34.78 0 7.84 3.92 15.69
6 hour 0 28.99 0 5.88 1.96 11.76
12 hour 1.96 21.74 0 0 1.96 9.80
24 hour 3.92 18.84 0 1.96 1.96 9.80
2 day 8.94 3.35 0 1.96 1.68 4.47
3 day 6.98 4.47 0 2.51 2.79 3.63
4 day 7.82 3.63 0 2.51 3.07 2.79
5 day 7.82 2.51 0 3.07 3.63 2.23
6 day 8.10 2.51 0 3.35 3.35 2.79
7 day 6.98 3.63 0 3.07 3.35 5.31
8 day 7.26 3.07 0 3.63 3.91 3.35
9 day 7.26 3.07 0 2.51 2.79 3.63
10 day 6.70 3.91 0 3.07 251 3.91
15-minute 1-hour
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453343
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Figure 9. Locations of stations with significant decreasing trends in storms with 15-

minute, 1-hour, 6-hour and 24-hour durations.

2.2.3. Seasonality of Extreme Precipitation

Seasonality of the extreme precipitation and their spatial variations were further analyzed
based on the occurrence dates of the hourly storms. Such analysis is important to understand the
main physical and climatological conditions that contribute to formation of extreme storm events
at regional level, as well as to select or filter the extreme precipitation data for AM series. The
results are presented in Figure 10, which shows noticeable seasonal and spatial variations in the
occurrence of extreme precipitation in the state. The occurrence dates of the storms are often
concentrated in certain period of a year and vary from region to region. In general, the storms with
extreme precipitations seem to start from the Pacific Coast during November and progress
eastward over time. For example, most of the extreme precipitations in Western Washington occur
during November-January, with January being the month with large numbers of extreme
precipitation records in Western Washington. February-April is relatively quiet season, with few
records of extreme precipitation. In Eastern Washington, most of the extreme storm events happen

during May-August, and then the extreme storms shift to the west for the rest of the months.
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Figure 10. Seasonality of extreme precipitations occurrence across Washington State

3. Methodologies

Annual maximum precipitation series were extracted from the dataset for 15 minutes to 10
days duration after going through the initial screening process. The series were then used in
Regional frequency analysis (RFA). Figure 11 describes the workflow applied in this study, which
involves data pre-processing or screening, identifying initial and final homogenous regions, model

selection and uncertainty analysis.

[ Main Workflow ]
Pre-process Regionalized and probabilistic IDF Regionalization
Model Uncertainty
Initial Screened ;
Cluster — 5 | Isstation years = 5T ? M;i=1,2,..., kno.of
l "'_ selected models 1
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missing value
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il I Likelihood Prior
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Figure 11. Work flow for regionalization and uncertainty methodologies.
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3.1. Regional Frequency Approach (RFA)

Regional frequency approach (RFA) combines the data from a cluster of similar sites often
called region or pooling group to improve the reliability of estimation of the quantiles (or
probability of occurrence) of extreme events at any site in the group (Wallis J.R et al, 2007). The
region should be homogenous with all sites in the region being similar and sufficiently sized in
order to accurately transfer information among sites within a region (Burn and Goel, 2000). In this
study, RFA based on L-moments method (Hosking and Wallis 1997) was used, which assumes an
identical parent probability distribution with different scale factor for each site within a
homogenous group. The scale factor, also known as “index-flood”, is often considered as the mean
(u) of the series (Hosking and Wallis 1997) and is used to weight quantiles (q ) of regional

distribution when calculating at-site quantiles (Q) as follow (Hosking and Wallis 1997):

Qi(F) = q (F)u

L-moment, developed by Hosking (1990), is widely applied for regional frequency analysis of
extreme hydrologic events. It is more robust for parameter estimation of probability distribution
than ordinary moments as L-moments are not sensitive to the outliners of time series. The first
four L-moments and associated ratios (i.e. L-covariance (L-Cv), L-skewness (L-Cs), and L-
kurtosis(L-Ck)) are derived from linear combinations of probability weighted moments (PWMs)

developed by Greenwood et al. (1979). Details of their derivations can be found in Hosking (1990).

3.1.1. Trend and Randomness Test
In frequency analysis it is necessary to test the assumptions that the observations at various
sites are stationary, independent and identically distributed. In order to check the serial

independence of the data autocorrelation test at various time lags was carried out. For a time series
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with n observations, the critical values at o = 0.05 can be calculated from 1.96/v/n (Douglas et al.
2000). The non-parametric Mann—Kendall statistics (Z) (Mann, 1945; Kendall, 1975), which uses
the Z-test, was applied to investigate the stationarity and presence of linear trend in the data.
When|Z| > Z..i:, the null hypothesis of no trend can be rejected and the data is considered to
have a significant trend. The test has been applied at 95 % confidence level (Zcrit = 1.96) in this

study.

3.1.2. Discordancy measure

The discordancy measure aims at finding out sites that are abhorrently different from the
region (Hosking and Wallis, 1993). If the L-moment ratios are represented by t;), t3¢;, and t4
for site i and u;is a vector the ratios, u; = [ t;), t3(), ta]” - The discordancy measure for a specific

site i, D;, can be calculated based on Hosking and Wallis (1997):

1 T pA—-1
Di=§M(ui—U) A (ui—U)

A= @ = U)(u - U)T

where, M is total number of stations and superscript T refers to transpose of a vector. A site is
called discordant when D; is greater than a critical value, which depends on the number of stations
with in a region. Large value of D; The critical value is normally considered to be 3 if a region
contains 15 or more sites (Hosking and Wallis 1997). Nevertheless, large value of D; refers to

close investigation of sites’ data.
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3.1.3. Initial Regions

Fuzzy C- Means (FCM) Clustering (Ruspini,1969; Dunn,1974) has been adopted to
identify the initial regions. In this study, latitude/longitude, elevation, and mean annual
precipitation have been used as attribute variables of the sites. The FCM algorithm is similar to
the K-means algorithm except that instead of assigning each site to only one cluster, degree of
membership is provided to each site into each clusters meaning sites on the edge of a cluster may
be in that cluster to a lesser degree than points in the center of a cluster (Sadri and Burn, 2011).
Thus each site can be a partial membership of any of the clusters. The working procedure of FCM

algorithm involves:

1. Forming an initial set of k groups randomly.

2. Estimating the centroid of each group

3. Creating a new cluster by connecting each site with the closest centroid.
4. Recalculating the centroids for the new clusters.

5. Step 3 and 4 are repeated until convergence.

The objective of this algorithm is to achieve a minimized total intra-cluster variance (distance or
squared error) function (D,,) (Ayvaza et al. 2007). If ¢, denotes the centroid of all sites in cluster

k when K is the total number of cluster and

K
— 2
Dv - E E Ixi_ck
XiESk

k=1

where x; = standardized vector for site i. The degree of belonging of site i in the kth cluster is

given by:
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b (i) = 1/dc,.1

where d, ;) is the distance of site i to the centroid of cluster k. Each station is assigned to the

cluster with which it has the highest degree of membership. The coefficients are normalized so
that the sum of membership of one site of interest to all different clusters is unity (Ayvaza et al.,

2007).
3.1.4. Final Homogenous Regions:

It has been often the case that initial regions obtained from the clustering analyses may not
fulfill the requirements of effective region which includes homogeneity and region size and
therefore needs further corrections outlined by Hosking and Wallis (1997) which includes moving
a site or few from one region to other, deleting sites, dividing or merging regions etc. The partial
membership values from FCM reduces the amount of subjective judgment and complexity of
deciding which site(s) can be moved from/to a region or different regions thus serve as an effective

tool in RFA.

The size of the region has been defined considering 5T guideline recommended by Jacob
et al. (1999), which states that a region should contain minimum of 5T station-years of data so that
the T-year quantile gives reasonably accurate estimates. The target return period for the present
study is 100 years. According to 5T guideline, summation of the station-years for a region should
be at least 500 in order to estimate 100-year quantile accurately. The homogeneity of these regions
has been assessed using L-moment based discordancy and heterogeneity measure. The
heterogeneity measure compares dispersion of L-moments between sites within a region and
expected dispersion limit for a homogenous region. The expected dispersion within a homogenous

region can be obtained through simulation:
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N N
V= Z n; () — tR)z/z n;
i=1 i=1

where t® and ¢(;yare the regional average L-moment ratio and the L-moment ratio for site i ; n;is
the sample size at station i, and N is the number of stations in a region. The simulated L-moment
ratios were generated using Kappa distribution by considering large number of realizations of a
homogeneous region using Monte Carlo simulations with equal number of sites and record lengths

as the observed data.

where 1 is the observed between-site dispersion of L-moment ratios; u , and o, are the mean and
standard deviation of IV obtained from a large number of simulated homogeneous regions. In this
study, the critical value of H has been considered to be 2 because of additional variability coming
from precipitation measurement. If an initial region failed to be homogeneous (i.e., H>2), the
region will be revised until it attained homogeneity by removing sites that were considered to be
discordant (D>3) and replacing them with other sites considering the partial membership values

from FCM algorithm.
3.1.5. Identifying Appropriate Distribution

Once the homogenous regions are identified and validated, the next step is to determine
appropriate probability distribution models for each region using Z-statistics (Z”%*) based on L-

Cxk values for five commonly used extreme value distributions, namely Generalized extreme value
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(GEV), Generalized Pareto (GP), Generalized logistic (GLO), Generalized normal (GNO) and

Pearson type-3 (PE3) distributions developed by Hosking and Wallis (1997) :

R _ _Dist
ty — T4 + By

Oy

ZDiSt —

where, t¥= regional average LCx t2%‘= theoretical LCx for the fitted distribution, Ba is the bias
and o, is the standard deviation of the regional average LCk. B4 and o4 can be found using Monte
Carlo simulation (Hosking and Wallis 1997). A practical criterion for determining the adequacy
of fit which is |ZP*!| < 1.64 at 90% confidence level. When no distribution falls within this criterion,

Kappa was chosen to be the appropriate distribution.
3.2. Uncertainty Analysis using Bayesian Approaches

The main sources of uncertainty in extreme precipitation frequency analysis are considered
to be the selection of appropriate distribution (model uncertainty) and estimation of the distribution
parameters (parameter uncertainty). Bayesian approaches allow quantifying the combined model
and parameter uncertainty by considering several extreme value distributions, instead of a single
“best-fit” distribution, and by using the entire parameter probability distribution instead of using

only the optimal set of parameters.
3.2.1. Parameter Uncertainty

Bayesian approach was used to estimate the posterior distribution of the parameters

p(6|D, M;) for a given probability distribution model M; and AM data D:

p(D16, M;)p(6|M;)
[p(D16, M;)p(0|M;)a6

p(@|D,M;) =
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where: p(0|M;) is the prior distribution of the parameters; p(D|6,M;) is the likelihood
distribution, which measures the likelihood that the observed AM data D come from the given
distribution model M; with parameters 6. Since the integral in above equation is difficult to solve
analytically, MCMC simulation using Metropolis-Hasting algorithm was used to generate a set of
parameters that were used to compute the likelihood and the normalized factor (the denominator
in Eq. 5). For an efficient implementation of the Metropolis-Hastings algorithm, a multivariate
normal distribution was used as a proposal distribution (Reis Jr. and Stedinger, 2005). The
variances of the proposal distribution were tuned using a trial-error method to get reasonable
acceptance rate, which represents percentage of times a new sampled data is accepted. A high
acceptance rate indicates poor mixing of the chain while a low acceptance rate means rejecting too
many candidate samples resulting in an inefficient algorithm. Based on recommendations by
Roberts et al. (1994) and Gamerman (1997), the acceptance rate in this study was kept
approximately 0.3. After computing the posterior distribution of the model parameters, the
posterior distribution of extreme precipitation quantiles p(Q|D, M;)) for given model M; and AMS
data D was computed by marginalizing the prediction p(Q|6, D, M;) over the posterior parameters

distribution.
p(Q|D,M;) = fep(QIG.D.Mi)p(HID. M;)d6

The MCMC approach was used to sample from posterior distributions of the parameters
and solve the integral. Credible intervals for estimated precipitation quantiles were calculated from

the posterior distribution in order to have easily interpretable results (Congdon, 2001).
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3.2.2. Model Uncertainty

Similar to their parameters, the models used to fit regional AMs were treated as random.
Assuming that there are k probability distribution models (denoted as M;,i=1, 2, ..., k) identified
as appropriate model based on the Z-statistics, the posterior probability of models M; given the

sample AM series D can be estimated using the Bayesian approach:

(0MYP(1)
M.|D) = 14 i i
P(MID) = s G Yooy

where p(D|M;) and p(M;) are the likelihood function and prior probability, respectively. Prior
probability for each selected model has been estimated based on the Z-statistic value z; from

regional frequency analysis:

1/Zi
Zi“:ll/zi

p(M;) =

The likelihood distribution p(D|M;) is estimated by assuming that the AM data within a

homogenous region are independent and identically distributed:
p(DIM;) = [1;[1e p(D;cIM;)

where, D; . is the AM data from site j and time step ¢, p(D; .| M;) is the likelihood that D; . come

from the selected extreme value probability distribution M;which has parameter 6. The posterior
probability of the models was regarded as weight for the alternative models that were identified
based on the Z-statistics, and can be estimated using the Bayes factor method (Kass and Raftery,
1995):

note Y

) p(Mj)Bji]

p(Mi|D) = [ P ()
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where, Bj; is the Bayes factor, which is the likelihood ratio of the two alternative models M;and

M;:

__p@IM))
JE p(pIMy)

The Bayes factor measures whether the observation data have increased or decreased the odds on

the model M; relative to the model M;. Finally, the combined uncertainty from parameters and

models was calculated using:

p(QID) = & p(M;|D)p(Q|D, My)

where, p(M;|D) is the posterior probability of the selected model M; and represents model
uncertainty; p(Q|D, M;) denotes the prediction distribution of the quantiles Q resulted from

parameter uncertainty for the given model M; and data D.

3.3. Hydrologic Modeling

Even though the design risk levels for flooding and stormwater infrastructures are often
defined through the return period and associated intensity of extreme rainfall events, the actual
probabilities of occurrence of flooding and associated risk levels for design and operation of
infrastructures are directly related to runoff, which also strongly depends on drainage
characteristics, including land cover, soil type, topography, and river network. In this study, the
Hydrologic Engineering Center Hydrologic Modeling System (HEC-HMS) model (USACE 2010)
was used for selected watershed in Washington to develop IDF curves for peak runoff rates. The
model uses rainfall intensities and durations derived from the regionalized rainfall IDF curves,

along with readily available watershed data (e.g. soil, land cover, and digital elevation map) to
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estimate runoff events. Other candidate and more traditional hydrologic models include the
Rational Method and the Technical Release 55 (TR-55) method, which can predict peak discharge
from a given storm event that is uniformly distributed over a homogeneous and relatively small
drainage. The HEC-HMS model, on the other hand, can simulate peak discharge and hydrograph
from multiple spatially and temporally varying storm events in a large basin with various drainage
characteristics, as well as can directly simulate effects of snowmelt and accumulation on the
hydrograph, making it suitable for this study. It also offers a variety of modeling options for
computing runoff and flood routing along streams. Its ability to simulate the entire hydrograph and
runoff volume also makes the model suitable for designing and evaluating effectiveness of volume-
based stormwater management such as detention ponds and infiltration trenches. The watersheds
delineated by Water Resource Inventory Areas (WRIA) were used for defining the drainage areas
for the model. The model was applied for Yakima River Basin (WRIA 37, 38 and 39), Snohomish
River Basin (WRIA 07), Puyallup-White River Basin (WRIA 10) and Green River Basin (WRIA
09). The basins were selected to represent the different climatic and drainage characteristics in
Washington, and have to locate entirely in Washington to avoid data collections from other states

and Canada.

3.3.1. HEC-HMS Modeling

Computation of Loss: HEC-HMS uses various methods (including the Green & Ampt,
SCS Curve Number and Soil Moisture Accounting) to compute the rainfall excess (or direct runoff
volume) from a given precipitation hyetograph. In this study, the SCS Curve Number method was
used, which estimates the rainfall excess as a function of cumulative precipitation and curve

number (CN) using the following equation:
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(P(t) ~0.2 (% - 10))2

P(t)+0.8 (% - 10)

Pe(t) =

where P, is accumulated rainfall excess at time ¢, P is accumulated rainfall depth at time ¢, and
CN is the curve number, a measure of the ability of a watershed to storm precipitation to runoff.
The HEC-GeoHMS software () was used to generate the gridded CN and composite CN for each

sub-basin based on landuse, soil, percentage of impervious area and digital elevation maps.

Computation of Direct Runoff Hydrograph: HEC-HMS uses user-specified and synthetic
Unit Hydrograph (UH) to simulate direct runoff hydrograph from rainfall excess. This study used
the SCS synthetic UH method, which estimate the direct runoff discharge as a function of UH peak

(Qp) and time of peak (T,) (also known as the time of rise). The time of peak is calculated using:

At
Tp = T + tlag

where At is the rainfall excess duration and ¢,4is the basin lag, defined as the time difference the
center mass of rainfall excess and the peak of the UH. The basin lag time for each sub-basin was

estimated using HEC-GeoHMS. The UH peak (@) is computed using:

where A is sub-basin area. The dimensionless curvilinear SCS UH, which relates Q./Q,, and t/ T,

are then to estimate the direct runoff discharge Q. at time t.
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Computation of Baseflow Contribution: HEC-HMS uses constant, exponential recession
and linear-reservoir volume methods to simulate groundwater or baseflow contribution to stream
hydrograph. This study uses the exponential recession method, which relates the baseflow
discharge at any time t (Q,) to an initial baseflow at t = 0 or specified threshold discharge after the

direct runoff contribution is completed (Q,) as:

Q: = ont

where k is an exponential decaying constant. The parameters k and initial baseflow (in terms of
discharge per unit area) and threshold discharge (in terms of ratio to peak discharge) were

estimated using model calibration.

Modeling Channel Flow (Routing): Various routing methods are available in HEC-HMS,
including: Lag, Muskingum, Modified Plus, Kinematic-wave and Muskingum Cunge methods.
Since the routing in our study areas are mostly river routing with relatively small number of flood
controlling dams, Muskingum method was used. Given the inflow hydrograph values
(I, for all t), an initial condition (Q,-¢), and the parameters K and X, HEC-HMS recursively

computes the discharges of the routed hydrograph as follow:

O,=[ At —2KX ]LJ{ At +2KX JL_lJr[zK(i—X)-m]q_l

2K(1- X)+ At 2K(1- X)+ At 2K(1- X)+ At

The parameters K and X for each river segment were estimated from model calibration.

Modeling Snowmelt: The runoff from all the watersheds considered in this study are often

impacted by snowmelt from the mountains and higher altitudes, making it important to properly
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simulate the snowmelt and associated volume of snow water equivalent (SWE) and the timing and
magnitude of snowmelt, which impacts soil moisture, runoff, and streamflow. HEC-HMS simulate
snowmelt using either the temperature index method or the gridded temperature index method. In
this study the temperature index method (Anderson 1973) was used, which needs only air

temperature and precipitation as inputs. The method uses the following basic equation:

Ms = Cm(Ta - Tb)

Where M, is the snowmelt depth per period, C,, is a melt-rate coefficient, T, is the air
temperature, and T, is the base temperature at which the snow begins to melt. If the air temperature
is less than the base temperature, the amount of melt is zero. The melt-rate can be wet or dry melt-
rate depending on the presence or absence of rainfall, respectively, during time intervals. When
the rainfall during the time interval is greater than user specified “rain rate limit”, the time interval
is considered to be wet, else it is considered as dry. For the dry condition, the melt-rate varies
seasonally, typically increasing as snowmelt season progresses and when shortwave radiation and
daylight hours increased. In order to calculate the dry melt-rate, first user defined functional
relationship between the antecedent temperature index (ATI) and melt-rate is required (e.g. Table
3, which also used in this study). As the snowmelt season progresses, the ATI will be updated
using user specified ATI-Meltrate Coefficient. The functional relationship is then used to estimate
the dry melt-rate corresponding to the updated ATI. Calibration of the temperature index snowmelt
method is recommended for watershed modeling (Daly et al. 1999). The user-specified parameters
were calibrated for each watershed we have considered. Once the HEC-HMS model are calibrated
with the historical rainfall and runoff data, specific storm events from the precipitation IDF curves

will be used to estimate the associated runoff events.
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Table 3. Melt-rate as a function of antecedent temperature index (ATI) (USACE 1991)

ATI (F° day) Melt-rate (in./F° day)
0 0.025
100 0.03
200 0.05
300 0.04
1000 0.04

3.3.2. Yakima River Basin (YRB)

The YRB is one of the major basins in Washington State contributing to the Columbia
River (Figure 12). The Yakima River stretches 215 mile from it headwaters at Keechelus Lake in
the central Washington Cascades to Columbia River at Tri-city, draining approximately 6,155
square mile areas of mostly shrub (42.5%), forest (28.5%), and cultivated land (12.1%). The basin
is one of the most intensively irrigated areas in the U.S. with approximately all the croplands are
irrigated using both surface and groundwater (Ely et al. 2011). The average annual precipitation
in the basin varies widely from 128 in. in the northwest to 6 in. the southeast sections of the basin
(Figure). The precipitation spatial pattern resembles the basin’s highly variable topography, which
ranges in altitudes from 400 to nearly 8,000 feet above mean sea level. Despite being known for
its water shortage and recurrent drought conditions, the basin was also affected by several
historical storms and flooding events, mostly during spring season. From 1970 to 2015, significant
portion of the basin were declared a federal flood disaster areas nine times (FEMA). In addition to
these major flood events, the river also flood every two to five years on average (FEMA 2013).
The southern east portion of the basin is generally prone to flash flooding caused by thunderstorms,
combined with steep ravines, alluvial fans, dry or frozen ground, and lightly vegetated ground that

does not absorb water.
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Figure 12. Yakima River Basin and distribution of mean annual precipitation (Source:
USGS 2007).

The HEC-HMS model was constructed based on the January 9, 2009 storm which resulted
in major floods throughout the basin. Figure 13 is the observed hydrograph near to the basin outlet,
showing streamflow exceeding the flooding level for days. The resulted stream hydrographs of
Yakima River at Kiona, WA (located close to the basin outlet) and at Umtanum, WA (located

closed to were the city of Yakima) were used to calibrate and validate the model, respectively.
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Figure 13. Yakima River stage near the basin outlet following the January 9, 2009 storm.

3.3.3. Snohomish River Basin (SRB)

The Snohomish River Basin is located just north of Seattle, draining approximately 1,978
square miles in both King and Snohomish counties of which 82 percent is forest, while most of the
remaining areas are agriculture and residential. The two main tributaries, Skykomish and
Snoqualmie rivers, originate in the Cascade Mountains and join near the City of Monroe where
they become the Snohomish River that flows into the estuary near the City of Everett and finally
discharge into Puget Sound. The basin is considered as the second largest basin draining into Puget
Sound. Topography is generally lowlands in the western portion of the basin and mountainous
terrain in the central and eastern areas. Precipitation is primarily dependent on elevation, with the
lowlands receiving 30-40 inches a year, compared to over 150 inches in the mountainous areas

(Figure 14). The basin is frequently impacted by floods caused by heavy rains and early melting
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of mountain snow during the months of November-January. Since 2000 most of the areas in the

basin were declared federal flood disaster zones eight times (FEMA).
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Figure 14. Snohomish River Basin and distribution of mean annual precipitation.

The HEC-HMS model was constructed based on the January 7, 2009 storm which resulted
in major floods throughout the basin. Warmer air and heavy rains pummeled the region for
multiple days causing massive flooding at near record levels on the Snohomish. Figure 15 is the
observed hydrograph near to the basin outlet caused by the storm, showing streamflow exceeding
the flooding level for days. Provisional data from USGS long-term stream gages indicate the
resulted flood peak from this storm has recurrence intervals equal to or greater than 100 years. The
model was calibrated using the observed hydrograph from this storm. December 8, 2015 storm
and the stream hydrograph (Figure 16) were used to validate the model. This storm also caused a

massive flooding throughout the basin.
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Figure 15. Snohomish River stage near the basin outlet following the January 7, 2009
storm. The stream hydrograph was used to calibrate the model.
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Figure 16. Snohomish River stage near the basin outlet following the December 08, 2015
storm. The stream hydrograph was used to validate the model.
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3.3.4. Puyallup River Basin (PRB)

The Puyallup River and its two main tributaries, the White River and Carbon River, drain
approximately 1,040 square miles (665,000 acres), which is predominately forest and mountainous
in upstream portion of the basin while it is mostly urban and flat in the downstream (Figure). The
river originates from Mount Rainier and crest of the Cascade Mountain range and flows through
the city of Tacoma, third largest city in Washington, to Commencement Bay on Puget Sound. The
annual mean precipitation ranges from 39 in. near Tacoma to 140 in. around Mount Rainier (Figure
17).Like most river basins in the Western Washington, the PRB is also frequently impacted by
sever floods. Since 2000 most of the areas in the basin were declared federal flood disaster zones

six times (FEMA).

The HEC-HMS model was constructed based on the January 7, 2009 storm which resulted
in major floods throughout the basin. Heavy rain combined with melting snow have caused
massive flooding, forcing the state to issue the largest evacuation order in the history of the state.
Figure 18 is the observed hydrograph near to the basin outlet caused by the storm, showing
streamflow cresting more than 2 feet above the flooding stage of 26.2 feet. Provisional data from
USGS long-term stream gages indicate the resulted flood peak from this storm is the 2" highest
since 1914. The model was calibrated using the observed hydrograph from this storm. The
December 8, 2015 storm and the stream hydrograph (Figure 19) were used to validate the model.

This storm also caused a massive flooding, with the flood stage ranking 10th highest since 1914.
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Figure 17. Puyallup River Basin and distribution of mean annual precipitation.
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Figure 18. Puyallup River stage near the basin outlet following the January 7, 2009 storm.

The stream hydrograph was used to calibrate the model.
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Figure 19. Puyallup River stage near the basin outlet following the December 08, 2015
storm. The stream hydrograph was used to validate the model.

3.3.5. Green-Duwamish River Basin (GRB)

The Green-Duwamish River originates in the Cascade Mountains and flow through steep
sloped densely forested mountain terrain mountain terrain, before flowing through more gentle
and urbanized area of southern Seattle and drains to Elliott Bay in the Puget Sound. The river flows
for over 93 miles, draining approximately 484 square miles. It is the main source of drinking water
for City of Tacoma, with much of the upper valley being restricted for public access. The mean
annual precipitation increased from 36 in. in the west to 105 in. in the east portion of the basin
(Figure 20). The basin is frequently affected by server storms resulted from heavy rains and early
snow melt during early winter season, with majority the basin area declared federal flood disaster

zones six times since 2000 (FEMA). The HEC-HMS model was constructed based on the January
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7, 2009 storm which resulted in major floods throughout the basin. Figure 21 is the observed
hydrograph near to the basin outlet caused by the storm, showing streamflow cresting more than
flooding discharge for about a week. The model was calibrated using the observed hydrograph
from this storm. The December 8, 2015 storm and the stream hydrograph (Figure 22) were used
to validate the model. This storm also caused flooding in the basin, with the flow exceeding the

flooding discharge for about three days.
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Figure 20. Green-Duwamish River Basin and distribution of mean annual precipitation.
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Figure 21. Green-Duwamish River stage near the basin outlet following the January 7,
2009 storm. The stream hydrograph was used to calibrate the model.
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Figure 22. Green-Duwamish River stage near the basin outlet following the December 08,
2015 storm. The stream hydrograph was used to validate the model.
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4. Results

In this chapter, the results from regional frequency analysis, uncertainty analysis and model
combinations, comparison with previous works, future projection, and runoff of simulations will
be presented. For brevity, representative results (figures and tables) and related discussion are

presented, the remaining results can be found in the Appendices.

4.1. ldentifying Homogeneous Regions

The purpose of this step is to form groups of stations that have climatologically
homogeneity condition, whereby, apart from station-specific scale factors, the extreme
precipitations at stations within a homogenous region can be characterized by identical frequency
distributions. The grouping of stations involves two main steps: (1) identifying initial regions
based on site characteristics such as latitude, longitude, elevation, and mean annual precipitation,
and (2) refining the regions by moving around discordant stations from one region to another till
all the regions satisfies the homogeneity statistics (H statistics).In this study, instead of
deterministic initial grouping, which assumes a given station to belong to a region 100% and does
not belong to any other regions, stochastic initial grouping, which assumes a given station to
belong to various region with certain probabilities, were prepared using a fuzzy clustering
technique. The probability information is critical during the refinement of the regions since it
effectively and automatically guide the movement of discordant stations. In addition, unlike other
similar studies, the regionalization was conducted for each storm duration considered, allowing
for delineation of different regions for different durations of the storms, as it is often the case in
reality. Figure 23 shows initial and final regions for one day extreme precipitations in Washington.

As shown in the figure, the fuzzy clustering approach has resulted in 32 regions with most regions
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being heterogeneous (H statistics >= 3), but after adjusting for discordant stations 26 homogenous

regions (H statistics < 3) were identified.

The state of Washington is divided into 5, 6, and 26 homogenous regions for extreme
precipitation with durations less than one hour, between one and 24 hours, and above 24 hours,
respectively. The major difference in the number of regions for precipitation above 24 hours is
mostly attributed to the relatively large number of daily stations used in the study. Otherwise, we
expected more spatial relations (i.e., fewer regions) as storm duration increased. Thus, the
homogenous regions for the longer duration storms can be lumped without losing their
homogeneity. Table 4 shows the average number of stations in each region, indicating proportional
division of the stations among the regions — an important attribute in regional frequency analysis.
Figure 24 provides the homogenous regions for extreme precipitation with 1-hour duration, while
the regions for the remaining durations are presented in Appendix A. Table 5 provides the mean
L-CV and mean annual maximum precipitation for 15-min to 1-day storms for each region. As
expected Region 1, which is located along the Cascade Mountain has higher 1-hour average
extreme precipitation of 1.458 in., while Region 5 along the cost shows more variation (L-Cv =

0.593) in stations’ maximum precipitations.
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Table 4. Average number of stations within each region.

Duration No. of Regions Avg. Number of Stations
15min 5 17.6
30min 5 17.2
60min 6 17.5

2hr 6 18.2
3hr 6 18.3
6hr 6 17.7
12hr 6 18.7
24hr 26 21.4
2 day 26 22.0
3 day 26 22.3
4 day 26 22.3
5 day 26 22.8
6 day 26 225
7 day 26 23.0
8 day 26 22.6
9 day 26 22.8
10 day 26 23.0

49+

48-

lat

47+

46+

125 123 121 119 17
long

Figure 24. Climatologically homogenous regions for 1-hour extreme precipitation in
Washington.
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Table 5.L-CV and mean annual maximum precipitation for 15-min to 1-day storms

Duration Statistics Regions
1 2 3 4 5 6
Mean L-Cv 0.337 0.269 0.305 0.494 0.439
15min - eanindex | 0.172 | 0.360 | 0209 |0520 |0.988
flood
Mean L-Cv 0.320 0.234 0.284 0.450 0.414
30min -
Mean index | 0.242 0.564 0.281 0.579 1.052
flood
Mean L-Cv 0.519 0.263 0.384 0.291 0.593 0.173
60min Mean index | 1.458 0.415 0.314 0.346 0.950 0.483
flood
Mean L-Cv 0.455 0.220 0.293 0.264 0.515 0.156
2hr Mean index | 1.581 0.518 | 0.417 0.427 1.132 0.704
flood
Mean L-Cv 0.399 0.179 0.277 0.197 0.421 0.132
Shr Mean index 1.706 0.606 0.523 0.507 1.176 0.859
flood
Mean L-Cv 0.358 0.139 0.261 0.235 0.121 0.134
ehr Meanindex |1.862 [0.782 [0.661 |0.877 |1.705 |1.090
flood
Mean L-Cv 0.256 0.162 0.264 0.244 0.297 0.129
12hr Mean index 2.824 1.002 0.786 0.941 2.305 1.731
flood

4.2. Choosing Frequency Distribution.

In the standard regional frequency analysis, a single frequency distribution is fitted to the
data from several sites in a homogeneous region. Because the “true” distribution of extreme rainfall
is not known, a distribution must be chosen that not only provides a good fit to the data, but will
also yield robust and accurate quantile estimates for each site in the region. In order to accomplish

these modeling objection and incorporate uncertainty in selecting a distribution into the estimated
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quantiles, we have adopted a Bayesian Model Averaging approach which allows selecting multiple
appropriate distributions that fit the data reasonably well. The donut charts in Figure 25 showed
the multiple distribution selected for each duration and region. The numbers in the chart represents
the percentage of regions that use a given combinations of distributions. For example, for the 15-
min storm events both the GNO and PE3 were found to be suitable for 40% of the regions (or 2
regions out of 5 total regions), while for the remaining 40% of the regions both GLO and GEV are
suitable and for 20% of the region both GLO, GEV and GNO are suitable. Bayesian Averaging

Method are used to combine the multiple distributions.
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Figure 25. Selected frequency distributions for each duration and region. The numbers on
the charts are the percentage of regions, which use the given combination of distributions
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4.3. County Level IDF Curves

Once the regional level IDF curves are generated using the selected distributions, the next
step is to determine representative IDF curves for the 39 counties in Washington using area
weighted averaging approach. If a given county lays over multiple homogenous regions, the
overlapping areas between the county and the regions are used to weight the IDF curves from the
regions. Figure 26 provides IDF curves for Benton, Clark, King, Spokane and Yakima counties.
For the remaining, the IDF curves are provided in Appendix (). The values with the associated
95% confidence intervals are provided in tabular form in Appendix ().
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Figure 26. County-level IDF curves for selected counties in eastern and western
Washington.
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4.4. Spatial Maps of Extreme Precipitation

At regional scale, the precipitation value for a given duration and return period can be
directly obtained from the regionally representative IDF curves. The at-site precipitation values
for stations within a region can then be determined by multiply the regional precipitation value
with scaling factors, also known as index-flood factors. In this study, the mean maximum
precipitation values from the stations were used as scaling factors. The at-site extreme
precipitations for a given duration and return period were then interpolated using Inverse Distance
Weighting (IDW) method to generate the spatial maps. Figure 27 show the distribution of 30-
minute and 24-hour extreme precipitations which have 25-year return period. The spatial

distribution maps for other durations and return periods are provided in Appendix ().
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Washington 25-year 24hr Precipitation
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Figure 27. Distribution of 25-year extreme precipitations which have 30-minute and 24-

hour durations.

4.5. Comparison with Currently Available IDF values

The IDF results from this study were compared with currently available IDF values for the
state of Washington, which are obtained from the Washington State Department of Transportation
(WSDOT), NOAA Atlas 2 and Wallis et al. (2007) spatial maps for 2-hour and 24-hour durations
extreme precipitations. WSDOT (2015) provides an equation to estimate rainfall intensity as a
function of time of concentration and two location-specific coefficients, which also varies with
return periods. The coefficients for 2, 5, 10, 25, 50, and 100 years return periods are provided for
most of the cities in Washington. NOAA Atlas 2 provides precipitation frequency estimates for 6-
hour and 24-hour durations and 2-year and 100-year return periods at any given point with known
latitude and longitude. Wallis et al. (2007) provides grids precipitation estimate for 2-hour and 24-

hour durations and return periods of 6 months, 2 years, 10 years, 25 years, 50 years, 100 years and
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500 years. The results from the first two comparisons (i.e., WSDOT and NOAA Atlas 2) are
presented in Figure 28 for selected major cities in Washington. The comparison between this study
and Wallis et al. (2007) results showed large differences along the mountains that need further
examination and thus are not included in this report. To generate the spatial maps, Wallis et al.
(2007) used the PRISM (Daly et al., 2002) mean annual precipitations estimates, which have
relatively higher mean annual precipitations along the mountains than the mean annual
precipitations obtained in this study using the IDW interpolation method. Some of the observed
difference might be attributed to this difference in mean annual precipitation, interpolation

methods and datasets used for the interpolation.

Overall, except for Walla Walla, the WSDOT estimates larger amount of precipitations for
2-year storms compared to this study and that of NOAA, while for the 100-year storms, this study
estimated relatively large amount of precipitation in the southeast (Yakima, Walla Walla, and to
some extent Kennewick) compared to the estimates by WSDOT and NOAA. Based on these
preliminary observations, the current drainage systems designed based on WSDOT’s estimate of
precipitations are expected to be adequate for draining design storm with shorter return periods in
most parts of the state. However, for design storm with larger return period, depending on

locations, retrofitting of the drainage system might be required.
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Figure 28. Comparisons of IDF curves from this study with that of WSDOT and NOAA-
Atlas 2 for selected cities.

4.6. Climate Projections

Data from two climate models (BCC-CSML1.1 and CanESM2) and two scenarios (RCP 4.5
and RCP 8.5) were used for future projections of extreme precipitation. Figure 29 shows the
projected extreme precipitation maps for 24-hour storm with 100-year return period. Compared to
the historical estimate, the project extreme precipitations amount are smaller for most of the

regions. This is contrary to what we have expected at the beginning of the study, and deems further
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Latitude

studies by including more climate models, addressing their uncertainty and limitations in

projecting extreme storm events as most of the climate models are primarily designed to capture

mean patterns.
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Historical Precipitation
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Figure 29. Extreme precipitation based on projected and historical data.

4.7. Runoff IDF Curves

In order to directly relate the extreme storm events with associated runoff and flooding
risk, this study developed HEC-HMS models for selected watersheds located close to the cities of
Seattle, Yakima and Tri-Cities. These watersheds include the Yakima River Basin (YRB), (SRB),
Puyallup River Basin (PRB) and Green-Duwamish River Basin (GRB). Most of the basins were
calibrated using the January 2009 storm and observed hydrographs near the basin outlets. The
models were then validated based on the December 2015 storm and observed hydrographs. Figure
30 illustrates the calibration and validation results, showing reasonable fits between observed and

computed hydrographs. Particular consideration was given in capturing the peak flow as the
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models were intended to estimate the peak flows associated with storm events obtained from

rainfall IDF curves. After the HEC-HMS models were calibrated and validated for each basin, the

storm events obtained from IDF curves of the representative counties were used to estimate the

peak runoff IDF curves. The results near to the basins outlets are presented in Figure 31. Since

temperature data are not available for such simulation, the effect of snowmelt was neglected,

potentially underestimating the expected peak flow if storm happen during snow melting season.

The peak runoffs associated with the January 2009 storm, which affects the entire state, are

included into the estimate runoff IDF curves to provide better perspective.

30000 —— —

25000

_ 20000

15000

Discharge [cfs

10000
5000

o]
12/23/2008 C:00

Shoh

Hydrograph near Richland (12510500)
N NI [Nt

Observed Discharge
| \ | (cfs)

!

| Modeled Discharge
| (cfs)
i

=— = Precipitation (in)

Average Precipitation (in}

08
12/31/20080:00  1/8/2009 0:00 1/16/2009 0:00  1/24/2009 0:00 2/1/2009 0:00

Time (hrs)

omish River hear Monroe, WA (Jan 2009 Storm)

140,000

120,000

100,000

80,0004

60,000

Flow {cfs)

40,000

20,000

0

4 | ] | g | 7 | g | ] | 10 |11 |12 |13 |14 |15
Janz00g

Legend (Compute Time: 07Jun2016, 12:53:05)

= Ohsen

2d Hydrograph —— Computed Hydrograph

Hydrograph near Yakima (12502500)

35000 — — =~

0

N NN Ny
| I\ fJ \ '.[ Observed Discharge
30000 \ N | \‘_ (cfs) o1
‘\ I\.' | | Modeled Discharge 02 =
25000 / | | (cfs) =
] \ ) ‘ E;
& \ — — Precipitation (in) 01 §
= 20000 s
@ S
t_-a 04 £
° o
"G 15000 g
a 05 2
10000 2
0.6
5000 07
0 0.8
12/23/20080:00 12/31/20080:00 1/8/20030:00  1/16/20090:00 1/24/20090:00  2/1/2009 0:00
Time (hrs)
Snhohomish River near Monroe, WA [DEC 2015 Storm)
70,000
60,000+
50,0004
40,000+
&
= 30,000
[=
.
20,0004
10,0004
a
4|5|5|T|3|9|1U|11|12|13|14
Dec2015

Legend {Compute Time: 05Jun2016, 12:36:47)
—+— Ohserved Hydrograph

Computed Hydrograph

6g9|Page



Puyallup River near Puyallup, WA (Jah 2008 Storm)

Puyallup River near Puyallup, WA (Dec 2015 Storm)

0,000 45 000
45000+ 40,000
40,000 25 o004
35,000 /\/
30,0004
30,000+
— — 26,000
€2 26,000 o
= 20,0004
Z 20,0007 R
[T e
15,000 14,0004
10,000 10,0007
4,000 5,000
T T s T el g g Toglar Tz Tq3T0s ] 0
alslglzlglaliglarlyzlyglaglys e T T e Ty T T Ta T a T T
Jan20049 Dec2015
Legend (Compute Time: 06Jun2016, 22:14:01) Legend (Compute Time: 26Jun2016, 02:32:52)
—+— Observed Hydrograph —— Computed Hydrograph —+— Ohserved Hydrograph Computed Hydrograph

Green-Duwamish River near Auburn, WA (Jan 2009 storm)

Green-Duwamish River hear Auburn, WA (Dec¢ 2015 storm)

14,000 12,000
12,0004 10,0001
10,0004
5,000
. &,noo+ .
& £ B000
E 6,000 E
- Y 4,000+
4,000
2,000 2,000+
0 ]
4|5|6|?|8|9|1D|11|12|13|14|15 4|5|5|T|8|9|1D|11|12|13|14|15
Jan2009 Dec2014
Legend (Compute Time: 26Jun2016, 03:02:47) Legend (Compute Time: 26Jun2016, 17:20:10)
—+— Obhserved Hydrograph —— Cormnputed Hydrograph —+— Observed Hydrograph — Computed Hydrograph

Figure 30. Calibration (left) and validation (right) results for the four watersheds considered.
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Maps of homogenous regions for various durations
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Appendix B.

County level IDF curves
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Grays Harbor-County
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Lincoln-County
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Okanogan-County
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Pend Oreille-County
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Pierce-County
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San Juan-County
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Skagit-County
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Skamania-County
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Spokane-County
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Thurston-County
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Walla Walla-County
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Tables for county level IDF values and their 95% CI

Appendix C.

Durati Return Period (Years)
County on

(min) 2 10 25 50 100
o " 0.181(0.174- 0.411(0.39- 0.546(0.512- 0.654(0.608- 0.77(0.707-

0.19) 0.437) 0.589) 0.715) 0.851)
s " 0.232(0.223- 0.495(0.460- 0.659(0.615- 0.797(0.732- 0.947(0.856-

0.242) 0.526) 0.716) 0.882) 1.071)
s " 0.301(0.291- 0.604(0.576- 0.813(0.764- 1.001(0.929- 1.224(1.121-

0.312) 0.639) 0.875) 1.004) 1.36)
0.387(0.376- 0.696(0.668- ] 1.079(L.008- 1.286(L.185-

Adams 120 b399) o3 0.9(0.852-0.962) L150) 110)
] 0.841(0.809- 1.068(L.015- 1.268(1.192- 1.501(1.39-

Adams 180 | 0.486(0.473-0.5) 0.67) L) 1 350) Loz
0.64(0.623- 1.115(1.073- 1.465(1.397- 1.79(L.693- 2.18(2.046-

Adams 360 0.659) 1.165) 1.547) 1.906) 2.341)
0.794(0.775- 1.318(1.260- 1677(1597- 2.006(1.892- 2.401(2.24-

Adams 720 0.814) 1.371) 1.763) 2.127) 2.566)
1.255(1.235- 1.921(1.875- ] 2.63(2.519- 2.982(2.827-

Adams | 1440 270 o7 2.300(2.232-2.4) > o) 5 150)
1707(L.68- 2.565(2.508- 3.061(2.967- 3.469(3.336- 3.916(3.733-

Adams | 2880 1.734) 2 634) 3.175) 3.632) 4.141)
1.854(1.827- 2.764(2.702- 3.29(3.188- 3.723(3.578- 4.197(3.99-

Adams | 4320 1.882) 2.832) 3.404) 3.887) 4.426)
2.15(2.119- 3.144(3.077- 3.717(3.611- 4.19(4.043- 4.71(4.508-

Adams | 5760 2.182) 3.219) 3.841) 4.365) 4.951)
2.279(2.247- 3.321(3.253- 3.91(3.801- 4.389(4.235- 4.909(4.699-

Adams | 7200 2314) 3.404) 4.042) 4573) 5.156)
] 3.604(3.619- 431(4.195 4.792(4.636- 5.297(5.089-

Adams | 8640 | 2.537(2.5-2.577) sao) 4 18) +oa o 503)
2.693(2.653- 3.918(3.839- ] 5.077(4.912- 5.607(5.387-

Adams | 10080 2o 1032 4.57(4.45-4.719) e 5 500)

2.915(2.871- 4.226(4.137- ] 5.509(5.313- ]

Adams | 11520 o) 2] 4.94(4.8-5.107) e 6.117(5.85-6.44)

3.109(3.063- 4.489(4.398- 5.237(5.093- 5.833(5.632- 6.468(6.193-

Adams | 12960 3.156) 4.596) 5.411) 6.078) 6.808)
3.212(3.165- 4.627(4 534 5.382(5.236- 5.978(5.775- 6.608(6.333-

Adams | 14400 3.261) 4.734) 5.556) 6.221) 6.938)
ot " 0.213(0.204- 0.551(0.522- 0.758(0.708- 0.927(0.853- 1.109(1.005-

0.223) 0.588) 0.824) 1,025) 1.248)

) 0.276(0.265- 0.656(0.621- 0.885(0.824- 1.071(0.981- ]
Asotin 30 bt oo 0.005) 1i6) 1.27(1.144-1.44)
ot 5 0.336(0.325- 0.705(0.671- 0.952(0.893- 1.169(1.085- 1.422(1.305-

0.35) 0.748) 1,025) 1.275) 1573)
ot 20 0.446(0.433- 0.828(0.794- 1.076(L.021- 1295(1.217- 155(L442-
0.46) 0.869) 1.143) 1.39) 1681)
ot 150 0.52(0.504- 0.916(0.877- 1171(1.107- 1.396(L.304- 1.650(153-
0.537) 0.965) 1.252) 1511) 1.815)
ot 250 0.662(0.643- 1.212(1.166- 1.633(1557- 2.024(1.917- 2.496(2.347-
0.684) 1.269) 1.726) 2.157) 2.68)
ot 0 0.863(0.843- 1.451(1.398- 1.857(1.760- 2.23(2.105- 2.679(2.504-
0.885) 1509) 1.951) 2.363) 2.86)

) 1381(L.36- 2.069(2.02- 2.471(2.39- 2.805(2.688- 3.176(3.013-
Asotin 1440 1.403) 2.123) 2.563) 2.938) 3.362)

) 1.861(1.833- 2.744(2.687- 3.219(3.13- 3591(3.47- 3.981(3.818-
Asotin | 2880 1.889) 2.811) 3.328) 3.744) 4.188)
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: 2.514(2.471- 3.681(3.605- 4.318(4.198- 4.824(4.657- 5.362(5.137-
Asotin | 4320 2.552) 3.769) 4.466) 5.033) 5.648)

. 2.672(2.634- 3.862(3.783- 4.529(4.405- 5.072(4.899- 5.661(5.425-
Asotin 5760 2.709) 3.951) 4.675) 5.276) 5.941)

: 3.016(2.974- 4.339(4.256- 5.06(4.931- 5.634(5.451- 6.243(5.995-
Asotin 7200 3.06) 4.442) 5.223) 5.859) 6.545)

: 3.648(3.596- 5.221(5.12- 6.068(5.91- 6.739(6.525- 7.451(7.162-
Asotin 8640 3.701) 5.338) 6.249) 6.987) 7.781)

. 3.648(3.601- 5.221(5.128- 6.068(5.925- 6.739(6.539- 7.451(7.183-
Asotin 10080 3.696) 5.337) 6.256) 7.001) 7.809)

: 3.907(3.857- 5.532(5.421- 6.453(6.268- 7.212(6.947- 8.042(7.671-
Asotin |+ 11520 3.964) 5.657) 6.661) 7.504) 8.448)

: 3.907(3.856- 5.532(5.428- 6.453(6.282- 7.212(6.967- 8.042(7.702-
Asotin | 12960 3.956) 5.647) 6.648) 7.49) 8.431)

. 4.182(4.125- 5.904(5.79- 6.827(6.646- 7.561(7.312- 8.343(8.007-
Asotin 14400 4.237) 6.026) 7.026) 7.843) 8.729)
Benton 15 0.145(0.139- 0.323(0.308- 0.434(0.408- 0.525(0.489- 0.624(0.575-

0.151) 0.342) 0.465) 0.57) 0.685)
0.204(0.197- 0.435(0.415- 0.58(0.546- ] 0.83(0.765-
Benton 30 0.213) 0.459) 0.621) 0.7(0.652-0.759) 0.911)
0.279(0.271- 0.541(0.518- 0.719(0.678- 0.877(0.815- ]
Benton 60 0.287) 0.569) 0.772) 0.958) 1.06(0.97-1.181)
0.361(0.352- 0.642(0.618- ] 0.999(0.94- 1.199(1.114-
Benton 120 0.871) 0671) 0.83(0.79-0.88) L 074) 1 306)
0.428(0.418- 0.745(0.718- ] 1.158(1.091- 1.394(1.299-
Benton 180 0.438) 0TTS) 0.96(0.915-1.01) 1.228) 1 43
Benton 260 0.544(0.529- 0.991(0.952- 1.319(1.256- 1.617(1527- 1.966(1.841-
0.561) 1.037) 1.396) 1.727) 2.118)
Benton 720 0.714(0.697- 1.217(L.172- 1.567(1.492- 1.89(1.783- 2.28(2.129-
0.731) 1.265) 1.645) 2.001) 2.432)
1.076(1.06- 1.681(L.645- 2.03(1.960- 2.315(2.227- 2.624(2.501-
Benton | 1440 1.093) 1.724) 2.103) 2.42) 2.772)
1.441(1.42- 2.204(2.156- - 3.046(2.934- 3.48(3.324-
Benton 2880 1453) 2.258) 2.66(2.58-2.75) 2.174) 3.659)
1.67(1.646- 2.529(2.473- 3.042(2.949- 3.478(3.344- 3.967(3.782-
Benton | 4320 1.696) 2.59) 3.146) 3.624) 4.17)
1.882(1.854- 2.794(2.731- 3.349(3.262- 3.817(3.698- 4.337(4.177-
Benton 5760 1.911) 2.859) 3.454) 3.961) 4.531)
] 3.022(2.963- 3.598(3.507- 4.074(3.948- 4.504(4.427-
Benton 7200 | 2.05(2.02-2.081) 3.092) 2.708) 4.224) 4.794)
2.22(2.188- 3.292(3.224- 3.894(3.787- 4.386(4.236- 4.923(4.718-
Benton | 8640 2.253) 3.365) 4.009) 4.546) 5.14)
2.344(2.311- 3.474(3.404- 4.103(3.992- 4.612(4.458- 5.165(4.955-
Benton | 10080 2.379) 3.553) 4.231) 4.793) 5.413)
2.485(2.448- ] 4.289(4.178- 4.805(4.651- 5.362(5.153-
Benton | 11520 252) 3.65(3.58-3.73) 4.419) 4.988) 5613)
2.681(2.643- 3.907(3.832- 4572(4.454- 5.106(4.943- 5.682(5.461-
Benton | 12960 2.72) 3.99) 4.704) 5.292) 5.935)
2.819(2.78- 4.092(4.017- 4.771(4-652- 5.31(5.147- 5.887(5.665-
Benton | 14400 2.861) 4.18) 4.911) 5.504) 6.149)
Chelan 15 0.271(0.258- 0.762(0.716- 1.086(1.002- 1.363(1.238- 1.672(1.493-
0.286) 0.823) 1.199) 1.534) 1.918)
Chelan 20 0.355(0.339- 0.867(0.816- 1.179(1.089- 1.435(1.302- 1.711(1.524-
0.373) 0.932) 1.298) 1.613) 1.969)
0.481(0.458- 1.207(1.133- 1.697(1.581- 2.14(1.986- ]
Chelan 60 0514) 1 208) 1837) 2.50%) 2.68(2.478-2.92)
Chelan 120 0.648(0.619- 1.349(1.275- 1.766(1.65- 2.14(1.983- 2.68(2.471-
0.681) 1.441) 1.909) 2.333) 2.938)

101|Page




0.677(0.655- 1.349(1.287- 1.766(1.66- 2.14(1.988- )
Chelan 180 0.702) 1428) L897) 2.367) 2.68(2.469-2.82)
Chelan 260 0.965(0.937- 1.825(1.758- 2.552(2.441- 3.281(3.125- 4.219(4.003-
0.997) 1.908) 2.688) 3.473) 4.484)
1.399(1.362- 2.319(2.23- ] 3.702(3.495- 4.542(4.253-
Chelan 720 L 4d) 2.456) 3.025(2.878-3.2) 3.049) +861)
2.374(2.338- 3.666(3.581- 4.413(4.269- 5.036(4.828- 5.732(5.438-
Chelan 1440 2.412) 3.762) 4.576) 5.271) 6.063)
3.174(3.123- 4.82(4.715- 7.086(6.795-
Chelan 2880 3.229) 4.806) 5.609(5.537-5.9) | 6.38(6.16-6.657) 7.456)
3.477(3.423- 5.217(5.104- 6.149(5.971- 6.875(6.633- 7.633(7.309-
Chelan 4320 3.537) 5.352) 6.365) 7.171) 8.031)
4.277(4.208- 6.314(6.183- 7.366(7.167- 8.166(7.902- 8.983(3.638-
Chelan 5760 4.35) 6.474) 7.613) 8.496) 9.417)
4.614(4.542- 6.794(6.654- 7.913(7.702- 8.767(8.481- 9.64(9.271-
Chelan | 7200 4.688) 6.955) 8.159) 9.096) 10.071)
] 7.414(7.27- 8.597(8.383- 9.481(9.196- 10.368(10.002-
Chelan 8640 | 5.06(4.985-5.14) . 584) 2.854) 0823) 10.61)
] 9.437(9.251- 10.927(10.661- | 12.037(11.684- | 13.151(12.695-
Chelan | 10080 | 6.43(6.326-6.54) 5.658) 11 256) 12 479) 13.725)
chelan | 11520 6.75(6.639- 9.782(9.581- 11.276(10.98- | 12.394(12.004- | 13.522(13.021-
6.867) 10.018) 11.633) 12.864) 14.133)
Chelan | 12960 | 7-955(7241- | 10426(10233- | 11887(1L604- | 12.965(12595- | 14.044(13569-
7.476) 10.658) 12.228) 13.41) 14.612)
chelan | 14400 | 7995(7:254- | 10426(10256- | 11887(11.639- | 12965(1264- | 14.044(13.628-
7.461) 10.635) 12.198) 13.374) 14.57)
Clallam 5 0.354(0.336- 0.986(0.918- 1.461(1.332- 1.894(1.699- 2.402(2.118-
0.375) 1.078) 1.635) 2.163) 2.794)
Clallam 20 0.441(0.42- 1.092(L.017- 1.543(1.404- 1.94(1.733- 2.402(2.104-
0.466) 1.193) 1.732) 2.229) 2.822)
Crallam 50 0.487(0.468- 1.227(1.174- 1.942(1.854- 2.749(2.625- 3.92(3.751-
0.511) 1.294) 2.052) 2.902) 4.131)
] 1.463(1.386- 1.942(1.805- 2.749(2.547- 3.92(3.624-
Clallam 120 | 0.8(0.774-0.828) 1 556) 2.106) 2.001) 4.37)
1.005(0.978- 1.726(1.654- ] 2.749(2.565- 3.92(3.663-
Clallam 180 1 036) L821) 2.2(2.075-2.362) 2502) 3213)
Clallam 260 1.424(1.386- 2.398(2.317- 3.162(3.036- 3.913(3.739- 4.872(4.634-
1.467) 2.501) 3.33) 4.147) 5.192)
Clallam 720 2.186(2.126- 3.749(3.608- 5.07(4.844- 6.398(6.08- 8.11(7.672-
2.252) 3.921) 5.352) 6.796) 8.658)
2.747(2.707- 4.052(3.972- 5.07(4.948- 6.398(6.233- 8.11(7.892-
Clallam 1440 2.788) 4.144) 5.219) 6.602) 8.384)
4.382(4.319- 6.445(6.324- ] 8.294(8.048- 9.093(3.766-
Clallam | 2880 4.445) 6.51) 7.5(7.318-7.734) 2.616) 052)
5.059(4.989- 7.335(7.196- 8.495(8.285- 9.368(9.089- 10.247(9.887-
Clallam | 4320 5.133) 7.498) 8.75) 9.706) 10.688)
challam | 5760 5.663(5.586- 8.143(7.996- 9.398(9.173- 10.336(10.038- | 11.275(10.89-
5.743) 8.32) 9.671) 10.704) 11.756)
Cclatlam | 7200 6.459(6.371- 9.277(9.111- 10.718(10.464- | 11.803(11.461- | 12.897(12.451-
6.551) 9.479) 11.032) 12.23) 13.458)
Cclallam | 8640 7.377(7.275- | 10.504(10.314- | 12.108(11.821- | 13.307(12.925- | 14.506(14.006-
7.484) 10.738) 12.469) 13.794) 15.147)
7.427(7.33- 10.583(10.405- | 12.168(11.909- 13.344(13- 14.512(14.06-
Clallam |~ 10080 7.526) 10.799) 12.505) 13.807) 15.118)
Clallem | 11500 | 7-965(7.857- | 11266(11077- | 12866(12589- | 14033(13.67- | 15177(14.713-
8.072) 11.492) 13.205) 14.485) 15.764)
Clallem | 12080 | 8724B613- | 12248(12049- | 13895(13.606- | 15064(14.678- | 16.185(15.687-
8.838) 12.479) 14.25) 15.54) 16.799)
9.535(0.413- | 13.272(13.065- | 14.971(14.666- | 16.151(15.748- | 17.264(16.739-
Clallam | 14400 9.661) 13.533) 15.37) 16.692) 17.972)
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Clark 15 0.367(0.35- 0.994(0.94- 1.359(1.262- 1.652(1.506- 1.967(1.756-
0.386) 1.065) 1.49) 1.852) 2.259)
] 1.092(1.025- 1.498(1.372- 1.84(1.649- 2.225(1.942-
Clark 30 | 0.44(0.42-0.463) 1182) 1672) 2116) > 64)
Clark 50 0.455(0.441- 1.092(1.05- 1.498(1.427- 1.84(1.741- 2.225(2.09-
0.474) 1.146) 1.586) 1.963) 2.395)
0.675(0.656- 1.146(1.096- 1.498(1.414- ) 2.225(2.055-
Clark 120 0.696) 1.209) 1.287) 1.84(1.72-1.607) 5.004)
Clark 180 0.844(0.824- 1.356(1.305- 1.67(1.583- 1.935(1.81- 2.23(2.057-
0.867) 1.424) 1.786) 2.099) 2.456)
Clark 260 1.04(1.012- 1.663(1.607- 2.12(2.034- 2.555(2.438- 3.098(2.942-
1.071) 1.735) 2.233) 2.709) 3.304)
Clark 720 1.871(1.829- 2.761(2.679- 3.321(3.202- 3.816(3.656- 4.397(4.185-
1.914) 2.856) 3.469) 4.018) 4.667)
Clark 1440 2.417(2.383- 3.574(3.503- 4.222(4.107- 4.749(4.587- 5.322(5.096-
2.451) 3.658) 4.363) 4.949) 5.601)
] 5.366(5.258- 6.301(6.134- 7.039(6.809- 7.818(7.506-
Clark 2880 | 3.648(3.597-3.7) 5.433) 6.499) 7.307) 5.16%)
Clark 4320 4.271(4.215- 6.209(6.079- 7.347(7.135- 8.301(7.998- 9.362(8.94-
4.329) 6.351) 7.587) 8.645) 9.843)
Clark 5760 4.852(4.791- 6.949(6.82- 8.152(7.942- 9.148(8.851- 10.242(9.832-
4.918) 7.102) 8.404) 9.502) 10.735)
Clark 7900 5.509(5.529- 7.955(7.807- 9.286(9.044- 10.383(10.041- | 11.584(11.115-
5.671) 8.121) 9.558) 10.766) 12.111)
Clark 8640 6.132(6.051- 8.768(3.609- 10.167(9.921- | 11.269(10.931- | 12.431(11.986-
6.212) 8.941) 10.442) 11.651) 12.946)
Clark Loos0 | 6517(6422- 9.367(9.193- 10.766(10.514- | 11.772(11.44- | 12.746(12.313-
6.614) 9.57) 11.077) 12.192) 13.298)
] 10.013(9.853- | 11.388(11.159- | 12.389(12.095- | 13.374(12.997-
Clark | 11520 | 7.1(7.005-7.196) 10.201) 11.664) 12.755) 13.84)
Clark loos0 | 7-283(7192- | 10183(10.028- | 11517(1L296- | 12476(12.186- | 13.41(13.043-
7.382) 10.365) 11.785) 12.821) 13.845)
Clark L4200 | 7767(7664- | 10.786(10617- | 12145(1L912- | 13.108(12.816- | 14.038(13.677-
7.87) 10.973) 12.412) 13.446) 14.458)
Columbia 5 0.231(0.221- 0.642(0.606- 0.905(0.84- 1.126(1.028- 1.367(1.228-
0.243) 0.689) 0.993) 1.257) 1.555)

) 0.297(0.285- 0.746(0.703- 1.019(0.943- ] 1.478(1.323-
Columbia | 30 0.319) 0.501) 1118) 1.24(1.13-1.387) 1.635)

: ] 0.911(0.86- 1.231(1.148- 1.499(1.386- 1.797(1.645-
Columbia 60 0.4(0.384-0.421) 0.974) 1.333) 1.639) 1.985)
Columbia | 120 0.501(0.484- 0.969(0.927- 1.261(1.194- 1.511(1.410- 1.797(1.673-

0.519) 1.02) 1.342) 1.623) 1.947)
Columbia | 180 0.571(0.553- 1.086(1.034- 1.436(1.346- 1.75(1.619- 2.12(1.936-
0.591) 1.15) 1.546) 1.907) 2.338)

) 0.734(0.714- 1.339(1.288- 1.809(1.725- ] 2.812(2.646-
Columbia | 360 0.757) 1 399) 1.609) 2.258(2.139-2.4) 3.000)

: 0.934(0.911- 1.564(1.505- 2.008(1.91- ] 2.917(2.72-
Columbia 720 0.958) 1.629) 2.116) 2.42(2.28-2.572) 3.125)

: 1.309(1.289- 1.973(1.927- 2.35(2.275- 2.655(2.548- 2.984(2.836-
Columbia | 1440 1.331) 2.025) 2.437) 2.781) 3.159)

) 2.004(1.972- 2.954(2.888- 3.476(3371- 3.895(3.75- 4.346(4.15-
Columbia |~ 2880 2.038) 3.032) 3.601) 4.071) 4.583)

: 2.203(2.172- 3.227(3.159- 3.817(3.704- 4.304(4.144- 4.84(4.619-
Columbia |~ 4320 2.236) 3.308) 3.953) 4.499) 5.112)

. 2.405(2.37- 3.466(3.396- ] 4.542(4.39- 5.064(4.858-
Columbia | 5760 2.459) 3595) 4.06(3.95-4.188) 4719) 5.305)

) 2.812(2.772- 4.043(3.966- 4.716(4.596- 5.252(5.085- 5.822(5.596-
Columbia | 7200 2.853) 4.138) 4.865) 5.456) 6.093)

: 2.891(2.85- 4.143(4.063- 4.813(4.688- 5.342(5.173- 5.902(5.675-
Columbia |~ 8640 2.933) 4.236) 4.958) 5.54) 6.165)
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. 3.209(3.166- 4.571(4.484- ] 5.934(5.742- 6.59(6.333-
Columbia | 10080 3.25%) 456) 5.325(5.189-5.5) 6.177) 6.552)

: 3.371(3.324- 4.803(4.709- 5.574(5.425- 6.184(5.977- 6.829(6.547-
Columbia | 11520 3.419) 4.912) 5.749) 6.428) 7.162)

) 3.754(3.703- ] 6.16(6.001- 6.823(6.601- 7.524(7.221-
Columbia | 12960 2 506) 5.32(5.22-5.438) 6.352) 7091) 7 893)

: 3.754(3.702- 5.32(5.221- 6.16(6.008- 6.823(6.610- 7.524(7.254-
Columbia |~ 14400 3.806) 5.429) 6.331) 7.06) 7.841)
Conlitz 15 0.447(0.426- 1.283(1.216- 1.751(1.63- 2.113(1.933- 2.491(2.23-

0.471) 1.371) 1.913) 2.36) 2.851)
Conlitz 20 0.535(0.500- 1.283(1.196- 1.77(1.604- 2.23(1.973- 2.775(2.389-
0.565) 1.401) 2.006) 2.611) 3.357)

: 0.535(0.518- 1.283(1.234- 1.77(1.689- ] 2.775(2.621-
Cowlitz 60 0.557) 1 530) L872) 2.23(2.116-2.37) 2.668)
Conlitz 120 0.828(0.799- 1.584(1.493- 2.132(1.967- 2.652(2.406- 3.298(2.933-

0.859) 1.691) 2.326) 2.941) 3.725)

) ] 1.762(1.687- 2.273(2.142- 2.733(2.530- 3.298(3.023-
Cowlitz 180 1(0.972-1.032) 1 851 2443) 2.975) 3643

. 1.161(1.127- 2.156(2.079- 3.011(2.889- 3.881(3.71- 5.016(4.782-
Cowliz | 360 1.199) 2.252) 3.169) 4.102) 5.32)
Conlits 720 1.916(1.866- 3.131(3.022- 4.092(3.921- 5.036(4.799- 6.235(5.912-

1.969) 3.262) 4.304) 5.332) 6.64)

) 2.719(2.677- 4.082(3.994- 4.828(4.685- 5.425(5.223- 6.235(5.955-
Cowliz | 1440 2763) 4.186) 5.002) 5.67) 6.575)

. 4.094(4.032- 6.08(5.951- 7.149(6.951- 7.983(7.713- 8.852(8.491-
Cowliz | 2880 4.16) 6.232) 7.397) 8.326) 9.316)

) 4.764(4.696- 6.978(6.829- 8.17(7.938- 9.107(8.789- 10.092(9.671-
Cowliz | 4320 4.838) 7.147) 8.439) 9.475) 10.585)
conliz | 5760 5.444(5.365- 7.857(7.702- 9.119(8.88- 10.094(9.77- 11.104(10.675-

5.527) 8.037) 9.403) 10.481) 11.626)

. 5.932(5.85- 8.429(8.265- 9.788(9.526- 10.878(10.515- | 12.047(11.56-
Cowliz | 7200 6.015) 8.617) 10.087) 11.294) 12.61)
conliz | 8640 6.889(6.791- 9.88(9.683- 11.479(11.173- | 12.746(12.328- | 14.093(13.536-

6.987) 10.093) 11.815) 13.207) 14.712)

) 7.025(6.925- 9.984(9.798- 11.479(11.207- | 12.746(12.389- | 14.093(13.629-
Cowlitz |~ 10080 7.126) 10.184) 11.78) 13.149) 14.615)
cowliz | 11500 | 7-359(7255- | 10347(10.169- | 11802(LL543- | 12.886(12.549- | 14.093(13.656-

7.461) 10.548) 12.101) 13.284) 14.261)
comlie | 12080 | 8071(7.966- 11.21(11.03- 12.727(12.461- | 13.858(13.504- | 14.999(14.538-
8.183) 11.42) 13.037) 14.266) 15.522)

) 8.621(8508- | 11.867(11.675- | 13.42(13.138- | 14.568(14.199- | 15.719(15.243-
Cowlitz |~ 14400 8.737) 12.09) 13.755) 15.008) 16.285)
Doualas 15 0.206(0.197- 0.513(0.485- 0.701(0.653- 0.856(0.786- 1.023(0.927-

9 0.216) 0.549) 0.764) 0.948) 1.153)
Doualas 20 0.271(0.26- 0.613(0.56- 0.822(0.763- 0.993(0.907- 1.18(1.058-
9 0.284) 0.654) 0.898) 1.109) 1.348)
Doulas 50 0.357(0.343- 0.778(0.737- 1.075(1.006- 1.351(1.254- 1.692(1.558-
9 0.374) 0.829) 1.16) 1.472) 1.862)
Doualas 120 0.477(0.461- 0.896(0.855- 1.164(1.095- 1.396(1.297- 1.692(1.555-
9 0.495) 0.949) 1.252) 1.52) 1.866)
Doualas 180 0.557(0.541- 0.991(0.948- 1.269(1.198- 1.512(L.411- 1.794(1.654-
9 0.575) 1.043) 1.356) 1.635) 1.962)
Doulas 260 0.749(0.729- 1.31(1.261- 1.741(1.662- 2.155(2.044- 2.67(2.516-
9 0.772) 1.367) 1.835) 2.288) 2.853)
Doualas 720 0.99(0.965- 1.603(1.543- 2.04(1.943- 2.449(2.312- 2.946(2.756-
Y 1.016) 1.671) 2.152) 2.605) 3.158)
Soudlas | 1440 1.418(1.398- 2.179(2.133- 2.613(2.537- 2.968(2.858- 3.355(3.202-
g 1.439) 2.231) 2.701) 3.096) 3.536)

1.875(1.848- 2.844(2.787- 3.378(3.287- 3.801(3.676- ]
Douglas 2880 1.903) 2.91) 3.484) 3.951) 4.25(4.08-4.452)
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Dougles | 4320 2.273(2.241- 3.421(3.352- 4.057(3.946- 4.564(4.41- 5.103(4.894-
2.306) 3.499) 4.186) 4.745) 5.352)

Dougles | 5760 2.549(2.513- 3.785(3.713- 4.448(4.338- 4.965(4.816- 5.502(5.303-
2.587) 3.87) 4.585) 5.153) 5.756)

Dougles | 7200 2.946(2.905- 4.36(4.278- 5.115(4.986- 5.701(5.524- 6.311(6.077-
2.989) 4.456) 5.268) 5.913) 6.596)

ougs | sod0 | SOUGO0Z | HIALS | gy | SOLGHT | G4N6I

3.317(3.27- 4.857(4.766- 5.679(5.541- 6.324(6.137- 7.004(6.755-
Douglas | 10080 3.3235) 4.9(62) 5.8(43) 6.535) 7.3(06)

3.477(3.421- 5.045(4.951- 5.882(5.737- 6.543(6.345- 7.243(6.977-
Douglas | 11520 3.5(27) 5.1(56) 6.(§58) 6.7(85) 7.537)

3.715(3.664- 5.342(5.245- 6.191(6.041- 6.855(6.65- 7.552(7.278-
Douglas | 12960 3.7(68) 5.4554) 6.?567) 7.0%5) 7.8(72)

3.892(3.834- 5.504(5.491- 6.458(6.305- 7.101(6.896- 7.743(7.474-
Douglas | 14400 3.9(52) 5.7(18) 6.6§49) 7.3(59) 8.0(81)

Ferry 15 0.246(0.235- 0.661(0.619- 0.953(0.877- 1.212(1.098- 1.507(1.345-
0.26) 0.716) 1.056) 1.366) 1.729)

Ferry 20 0.318(0.303- 0.762(0.714- 1.057(0.971- 1.31(1.184- 1.591(1.415-
0.334) 0.824) 1.17) 1.477) 1.83)

Ferry 50 0.372(0.357- 0.797(0.754- 1.11(1.036- 1.41(1.305- 1.792(L.645-
0.391) 0.853) 1.203) 1.543) 1.978)

Ferry 120 0.499(0.483- 0.921(0.878- 1.201(1.129- 1.447(1.345- 1.792(1.65-
0.518) 0.975) 1.29) 1.573) 1.967)

Ferry 180 0.577(0.561- 1.014(0.973- 1.303(1.235- 1.561(1.463- 1.866(1.729-
0.593) 1.062) 1.382) 1.674) 2.022)

0.78(0.759- 1.327(1.279- 1.729(1.651- 2.547(2.398-
Ferry 360 0.§304) 1.?587) 1.é27) 2.1(1.991-2.237) 2.7(35)

Ferry 720 | 0084096-L00) 1.585%15.)525 2.02.21(1.29;06 2.32.1&2)55 2.82%25371

- 1440 1.332(1.314- 2.008(1.967- 2.394(2.327- 2.709(2.613- 3.052(2.919-
1.35) 2.053) 2.47) 2.82) 3.207)

Ferry 2880 1.7?8((1];17)55 2.649(2.6-2.708) 3.11353'(231.5)39 3.42%893;73 3'8?1.5(%'17)14

Ferry 4320 2.08(2.052- 3.072(3.014- 3.607(3.517- 4.025(3.902- 4.46(4.294-
2.109) 3.138) 3.714) 4.175) 4.664)

Ferry 5760 2.364(2.334- 3.451(3.39- 4.038(3.943- 4.498(4.367- 4.979(4.803
2.396) 3.524) 4.156) 4.662) 5.202)

Ferry 7200 2.601(2.567- 3.7773.71- 4.403(4.298- 4.889(4.745- 5.395(5.203-
2.636) 3.855) 4.527) 5.062) 5.627)

Ferry 8640 2.818(2.78- 4.089(4.016- 4.753(4.642- 5.262(5.112- 5.784(5.588-
2.855) 4.172) 4.884) 5.442) 6.024)

2.99(2.951- 4.304(4.228- 5.001(4.886- 5.544(5.388- 6.111(5.903-
Ferry 10080 3.831) 4.3$92) 5.(14) 5.7(35) 6.3(68)

3.275(3.231- 4.682(4.596- 5.45(5.313- 6.063(5.873- 6.718(6.46-
Ferry 11520 3.3521) 4.7(83) 5.&311) 6.2(88) 7.0(23)

3.466(3.42- 4.938(4.847- 5.716(5.574- 6.319(6.125- 6.948(6.687-
Ferry 12960 3.5(15) 5.0(43) 5.E§83) 6.5549) 7.2(57)

Ferry 14200 | 3-608(3.556- 5.134(5.037- 5.919(5.773- 6.504(6.307- 7.088(6.828-
3.662) 5.248) 6.096) 6.745) 7.407)

— 15 0.147(0.141- 0.344(0.327- 0.471(0.441- 0.578(0.534- 0.696(0.635-
0.153) 0.367) 0.51) 0.635) 0.774)

— 20 0.197(0.19- 0.435(0.412- 0.585(0.547- 0.711(0.657- 0.849(0.775-
0.206) 0.462) 0.633) 0.781) 0.946)

Eranklin 50 0.269(0.261- 0.531(0.508- 0.709(0.669- 0.868(0.808- 1.053(0.966-
0.277) 0.56) 0.762) 0.947) 1.17)

e ranklin 120 0.352(0.343- 0.631(0.608- 0.817(0.778- 0.986(0.928- 1.184(1.102-
0.361) 0.659) 0.866) 1.057) 1.285)

Eranklin 180 0.423(0.413- 0.743(0.716- 0.962(0.915- 1.162(1.093- 1.402(1.304-
0.434) 0.774) 1.014) 1.236) 1.506)
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Eranklin 260 0.553(0.537- 1.009(0.97- 1.348(1.284- 1.656(1.565- 2.019(1.892-
0.571) 1.057) 1.427) 1.768) 2.174)

Eranklin 720 0.736(0.719- 1.241(1.196- 1.579(1.506- 1.886(1.781- 2.251(2.105-
0.754) 1.288) 1.655) 1.993) 2.398)

: 1.118(1.101- 1.727(1.688- 2.08(2.015- 2.369(2.275- 2.683(2.551-
Franklin- |~ 1440 1.136) 1.773) 2.159) 2.483) 2.843)

. 1.554(1.531- 2.357(2.304- 2.84(2.752- 3.25(3.124- 3.712(3.535-
Franklin |~ 2880 1.578) 2.418) 2.943) 3.308) 3.919)

) 1.668(L.644- 2.498(2.443- ] 3.427(3.292- 3.91(3.721-
Franklin | 4320 1 693) 2561) 3(2.906-3.107) 3.581) 4.126)

: 1.938(1.909- 2.846(2.787- 3.392(3.299- 3.851(3.722- 4.362(4.187-
Franklin |~ 5760 1.967) 2.913) 3.501) 4.003) 4.560)

. ] 3.042(2.982- 3.597(3.503- 4.052(3.922- 4.545(4.369-
Franklin 7200 2.08(2.05-2.113) 3.114) 3.712) 4.209) 4.755)

) 2.438(2.404- 3.576(3.504- 4.214(4.098- 4.733(4.572- 5.297(5.077-
Franklin |~ 8640 2.475) 3.658) 4.344) 4.913) 5.541)

: 2.438(2.403- 3.576(3.505- 4.214(4.101- 4.733(4.576- 5.297(5.085-
Franklin |~ 10080 2 475) 3.66) 4.348) 4.92) 5.552)

: 2.658(2.619- 3.881(3.805- 4541(4.423 5.065(4.902- 5.622(5.402-
Franklin |~ 11520 2.697) 3.968) 4.683) 5.264) 5.893)

) 2.859(2.818- 4.15(4.071- 4.844(4.719- 5.303(5.22- 5.975(5.743-
Franklin-| 12960 2 899) 4.241) 4.988) 5.595) 6.251)

: 2.995(2.953- 4.334(4.252- 5.041(4.913- 5.504(5.410- 6.176(5.941-
Franklin | 14400 3.039) 4.429) 5.191) 5.802) 6.457)
Garfield 15 0.211(0.202- 0.55(0.521- 0.763(0.711- 0.938(0.861- 1.129(1.021-

0.221) 0.588) 0.831) 1.04) 1.273)

: 0.274(0.263- ] 0.886(0.824- 1.076(0.984- 1.28(1.151-
Garfield 30 0.287) 0.655(0.619-0.7) 0.068) 1.197) L452)
Garfield 50 0.349(0.337- 0.75(0.711- 1.014(0.95- 1.246(1.156- 1.515(1.39-

0.365) 0.797) 1.094) 1.36) 1.675)

. 0.458(0.444- 0.86(0.824- 1.118(1.059- 1.343(1.261- 1.603(1.49-
Garfield | 120 0.473) 0.904) 1.19) 1.444) 1.742)

: 0.534(0.518- 0.966(0.924- 1.251(L.18- 1.505(1.402- 1.803(1.659-
Garfield | 180 0.552) 1.017) 1.338) 1.628) 1.973)

: ] 1.25(1.203- 1.68(1.602- 2.085(1.974- 2.577(2.424-
Garfield 360 | 0.69(0.67-0.711) 1 508) L775) 5.219) 2763)

. 0.893(0.871- 1.493(L.437- ) 2.297(2.168- 2.763(2.581-
Garfield 720 0.916) 1553) 1.911(1.82-2.01) 2437) >654)

: 1.339(1.316- 2.008(1.962- 2.381(2.306- 2.679(2.573- 2.997(2.852-
Garfield | 1440 1.361) 2.061) 2.469) 2.804) 3.17)

: 1.914(1.884- ] 3.297(3.205- 3.685(3.556- 4.097(3.923-
Garfield 2880 1.944) 2.81(2.751-2.88) 3.412) 3.847) 4.317)

: 2.311(2.279- ] 3.96(3.845- 4.436(4.276- 4.951(4.733-
Garfield | 4320 2.345) 3.37(3.3-3.451) 4006) 4.625) 5216)

: 2.514(2.479- 3.612(3.54- 4.224(4.11- 4.718(4.561- 5.253(5.039-
Garfield | 5760 2.55) 3.604) 4.356) 4.903) 5.506)

: 2.734(2.696- 3.91(3.836- 4.541(4.427- 5.039(4.881- 5.563(5.352-
Garfield | 7200 2.774) 4.001) 4.683) 5.233) 5.822)

. 2.968(2.926- ] 4.887(4.765- 5.398(5.232- 5.929(5.71-
Garfield | 8640 2.011) 4.23(4.15-4.324) 5.032) 5 504) 6.159)

: 3.287(3.243- 4.662(4.574- 5.413(5.276- 6.013(5.821- 6.654(6.397-
Garfield | 10080 3.334) 4.774) 5.502) 6.262) 6.993)

: 3.574(3.525- 5.051(4.953- 5.851(5.693- 6.487(6.266- 7.164(6.862-
Garfield | 11520 3.625) 5.166) 6.038) 6.748) 7.519)

. 3.586(3.537- 5.077(4.98- 5.884(5.729- 6.527(6.309- 7.212(6.913-
Garfield | 12960 3.635) 5.191) 6.071) 6.79) 7.576)

: 3.793(3.739- 5.361(5.259- 6.156(6.002- 6.761(6.554- 7.384(7.109-
Garfield | 14400 3.847) 5.473) 6.33) 7.002) 7.704)

Grant 15 0.173(0.166- 0.408(0.387- 0.549(0.514- 0.663(0.613- 0.785(0.717-
0.182) 0.435) 0.594) 0.727) 0.874)
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Grant 30 0'23.12(2'12)21' 0'5?)%5(2)6‘;78' 0'63?7(gi§27' 0.812(0.746-0.9) | 0.964(0.87-1.09)
0.649(0.618- 0.885(0.831- 1.102(1.024- 1.366(1.256-
Grant 60 | 0.311(0.3-0323) o.ésg) 0.554) 1.2(02) 1.5508)
rant 120 0.404(0.392- 0.739(0.708- 0.958(0.906- 1.151(1.076- 1.374(1.268-
0.417) 0.778) 1.024) 1.246) 1.508)
rant 180 0.482(0.469- 0.844(0.811- 1.08(L.024- 1.288(1.208- 1532(L42-
0.496) 0.884) 1.145) 1.381) 1.659)
0.632(0.615- 1.106(1.065 1.792(1.696- 2.197(2.063-
Grant 360 > é51) 1'1(55) 1.46(1.392-1.54) 1.9(06) 2'3555)
Grant 720 0.831{3(;).27)91- 1.35(1.3-1.405) ”i?ﬁg"’& 2.074(1.955-2.2) 2'42?’6%%27'
rant o | 1221(120 1.891(1.847- 2.20(2.214- 2.627(2.516- 3.006(2.85-
1.241) 1.943) 2.378) 2.754) 3.188)
rant Jgs0 | L803(LT76- 2.743(2.688- 3.203(3.195- 3.741(3.603- 4.233(4.043-
1.831) 2.817) 3.405) 3.809) 4.45)
rant yao0 | 2.029(1.999- 3.068(2.998- 3.671(3.555- 4.171(4.006- 4.723(4.496-
2.061) 3.144) 3.799) 4.355) 4.98)
ot o760 2.326(2.29- 3.442(3.373- 4.056(3.949- 4.542(4.397- 5.055(4.863-
2.363) 3.525) 4.187) 4.723) 5.290)
rant 00| 2494(2.457- 3.601(3.615- 4.347(4.229- 4.866(4.703- 5.414(5.197-
2533) 3.781) 4.491) 5.066) 5.682)
rant 5640 2.63(2.591- 3.882(3.805- 4.542(4.424- 5.054(4.893- 5.584(5.371-
2671) 3.975) 4.687) 5.252) 5.85)
2.83(2.787- 4.177(4.092- 4.889(4.76- 5.443(5.267-
Grant | 10080 2.g7 I 4_2(75) 5.0515) . 6(59) 6.02(5.784-6.31)
Grant | 11520 | 3(2.953-3.047) 433%2;’2 5'13?2(gé£;86 5'62.15295)06 6'22%8539
3.204(3.175- 4.68(4.588- 5.434(5.292- 6.016(5.822- 6.62(6.361-
Grant | 12960 3.2(74) 4.(786) 5.e§01) 6.2(45) e.gzg)
3.369(3.319- 4.866(4.773- 5.626(5.485- 6.201(6.011- 6.787(6.536-
Grant 14400 3.4522) 4.9(79) 5.§04) 6.£€44) 7.(11)
Grays s 0.347(0.33 0.859(0.798- 1.25(1.135- 1.616(1.44- 2.056(L.799-
Harbor 0.367) 0.941) 1.406) 1.858) 2.414)
Grays 0 0.454(0.432- 1.053(0.977- 1.493(1.346- 1.901(1.674- 2.304(2.051-
Harbor 0.48) 1.157) 1.702) 2.241) 2.913)
Grays 5 0.62(0.587- 1.86(L 761 2.971(2.817- 4.182(3.977- 5.905(5.636-
Harbor 0.664) 1.981) 3.157) 4.428) 6.222)
Grays 20 1.002(0.962- 1.996(1.881- 2.971(2.775- 4.182(3.901- 5.905(5.506-
Harbor 1.046) 2.135) 3.204) 4.516) 6.378)
Grays 180 1.208(1.164- 2.398(2.268- 3.204(2.978- 4.182(3.852- 5.905(5.445-
Harbor 1.258) 2563) 3.491) 3.658) 4.523)
Grays 250 1.839(1.79- 3.166(3.055- 4.212(4.036- 5.243(4.997- 6.558(6.219-
Harbor 1.894) 3.301) 4.434) 5.555) 6.987)
Grays 2.681(2.605- 6.346(6.041- 8.036(7.604- 10.197(9.599-
Harbor 720 2.767) 4.66(4.474-4.89) 6.728) 8.576) 10.946)
Grays w0 | 3257(3200- 4.787(4.693- 6.346(6.197- 8.036(7.83- 10.197(9.921-
Harbor 3.309) 4.909) 6.544) 8.309) 10.569)
Grays 4.529(4.463- 7.629(7.444- 8.398(8.154- 10.197(9.88-
Harbor | 2880 4.601) 6.596(6.47-6.75) 7.866) 8.715) 7.272)
Grays yao0 | 5621(5.542- 8.097(7.935- 9.343(9.102- 10276(9.96- | 11.214(10.813-
Harbor 5.706) 8.282) 9.632) 10.657) 11.705)
Grays o760 6.23(6.144- 8.929(8.762- | 10.308(10.048- | 11.345(11.001- | 12.388(LL.942-
Harbor 6.321) 9.128) 10.615) 11.759) 12.936)
Grays 00| 6-902(6.808- 9.746(9578- | 11.191(10.935- | 12281(11.935- | 13.383(12.929-
Harbor 6.999) 9.96) 11.529) 12.747) 13.996)
Grays sea0 | 7319(7.219- 10282(10.0- | 1L737(11471- | 12.818(12.467- | 13.902(13.45-
Harbor 7.418) 10.489) 12.055) 13.242) 14.456)
Grays | 1o0s0 | 5185077 | IL335(LL140- | 12835(12560- | 13928(13586- | 15.003(L4.568-
Harbor 8.203) 11.55) 13.158) 14.358) 15 555)
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Grays | o0 | 87698654 12002(119- | 13.656(13.377- | 14.791(14.426- | 15.905(15.438-
Harbor 8.885) 12.32) 13.997) 15.239) 16.483)
Grays | 1j000 | 030189 | 12.745(12546 | 14328(14.048 | 15463(15.008- | 16.567(6.106-
Harbor 9.431) 12.973) 14.666) 15.904) 17.12)
Grays | 1aa00 | 994481 | 13464(13.227 | 15.135(14.782 | 16.318(15.844 | 17.446(16.822
Harbor 10.082) 13.753) 15.584) 16.93) 18.255)
land " 0.284(0.27- 0.81(0.755- 1.199(.095- 1551(1.393- 1.96(L 731
0.301) 0.885) 1.34) 1.768) 2.277)
0.366(0.348- 0.932(0.869- 1.646(1.476- 2.019(L.779-
Island 30 0.9587) 1.(§1e) 1.316(1.2-1.47) 1.8(77) 2.25)
] " 0.395(0.379- 1.04(0.994- 1.672(1597- 2.392(2.287- 3.443(3.299-
0.415) 1.096) 1.766) 2.523) 3.622)
0.635(0.613- 1196(L13- 1.672(1554- 3.443(3.185-
Island 120 0.6(59) 1_2(75) 1.8(13) 2.392(2.217-2.6) 3_7(47)
o 150 0.778(0.755- 1.423(1.358- 1.86(L.746- 2.392(2.224- 3.443(3.206-
0.804) 1507) 2.005) 2.177) 2.72)
o 250 1.094(1.063- 1.944(1.875- 2.645(2.535- 3.347(3.195- 4.253(4.046-
1.129) 2.03) 2.784) 3.539) 4,515)
o 0 1526(L486- 2.523(2.434- 3.326(3.184- 4.12(3.922- 5.131(4.861-
1.569) 2.632) 3.503) 4.366) 5.469)
o Las0 | 2091(2065- 3.009(3.046- 3.642(3.550- 4.12(4.005- 5.131(4.978-
2.116) 3.156) 3.736) 4.253) 5.313)
o Jgg0 | 29882951 4.445(4 371 5.187(5.076- 5.745(5.597- 6.306(6.115-
3.027) 4.531) 5.32) 5.923) 6.538)
Island | 4320 | 3.4(3350-3.443) | 4 '9958‘3;912 5'8?152594 6'4‘(;?(5(292)75 7'0573?3(3'25;56
Island 5760 | 3.7(3.657-3.746) 5'4‘%)'15(?23;25 6'22.72261)63 6'9‘;?1(357)86 7'6;’_&;4,?9
Island | 7200 4'02.21(11813 59628(352?3 6'8%2'27)42 7'6%(1319 8.362(8.1-8.659)
o soa0 | 43874329 6.349(6.238- 7.379(7.211- 8.156(7.93- 8.939(8.643-
4.448) 6.48) 7.581) 8.429) 9.302)
lsland | 10080 4'9?0(;‘517 7'23?3525(;92 8.32(8.157-8.51) 9'1591_281'?33 9917:(391392
word | 11500 | 563(6.565- 8.104(7.988- 9.324(9.152- 10224(9.993- | 1L.114(10.811-
5.696) 8.24) 9.535) 10.509) 11.489)
d | 12080 | 57936728 8.243(8.13- 0.405(9.238- | 10.245(10.026- | 11.114(10.834
5.861) 8.378) 9.605) 10.508) 11.447)
ord | 1aa00 | 6:093(6.025- 8.611(8.493- 9.792(9.62- 10.639(10.415- | 11462(1L.174-
6.165) 8.753) 10.005) 10.92) 11.822)
ttereon | 15 0.37(0.352- 1.02(0.948- 1.516(1.38- 1.973(1.766- 2 513(2.212-
0.393) 1.117) 1.701) 2.258) 2.93)
tteren | 30 0.47(0.447- 1.139(1.050- 1614(1463 2.041(1813- 2539(2.207-
0.497) 1.247) 1.823) 2.366) 3.022)
oo | 60 0.57(0.542- 1593(L.509- 2.477(2.344- 3.422(3.244- 4.747(8.513-
0.607) 1.698) 2.639) 3.636) 5.025)
Jefferson | 120 | 0.9(0.863-0.941) 1'8?9%'37)19 2'4;.75'12)99 3'4327(;1)68 4'7‘;_71(;"13388
itereon | 180 1111(1.073- 2.136(2.025- 2.823(2.63- 3.429(3.147- 4.747(4.356-
1.155) 2.279) 3.069) 3.782) 4.085)
eitereon | 360 1.629(1.584- 2.872(2.769- 3.872(3.707- 4.864(4.632- 6.133(5.813-
1678) 2.996) 4.075) 5.149) 6.527)
ettereon | 720 2.45(2.381- 4.247(4.081- 5.777(5.506- 7.314(6.932- 9.287(8.756-
2527) 4.451) 6.115) 7.791) 9.947)
2.875(2.835- 4.247(4.165- 5.777(5.649- 7.314(7.138- 9.287(9.052-
Jefferson |~ 1440 2.9(18) 4.3$46) 5.9(36) 7.5533) 9.5(84)
Jefferson | 2880 4'22%3'22)07 6.265(6.15-6.41) 7'23.355;41)18 8'02?352531 9268;(1%97
5.111(5.041- 7.446(7.304- 8.651(8.435- 9.564(9.275- 10.49(10.115-
Jefferson | 4320 5.1(85) 7.4:‘514) 8.9(18) 9.9(21) 10.(957)
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sefterson | 5760 5.928(5.847- 8.584(8.421- 9.952(9.699- 10.985(10.649- | 12.029(11.593-
6.014) 8.777) 10.254) 11.392) 12.563)
Sefferson | 7200 6.341(6.257- 9.09(8.932- 10.499(10.257- | 11.566(11.236- | 12.646(12.214-
6.429) 9.286) 10.808) 11.99) 13.208)
efferson | 8640 6.886(6.794- 9.795(9.625- 11.265(11.01- 12.361(12.02- | 13.455(13.011-
6.983) 10.004) 11.587) 12.793) 14.026)
7.313(7.22- 10.357(10.189- | 11.864(11.62- | 12.976(12.654- | 14.076(13.655-
Jefferson | 10080 7.488) 10.(561) 12.1(78) 13.5102) 14.5331)
Sefferson | 11520 7.866(7.76- 11.096(10.913- 12.669(12.4- 13.821(13.466- | 14.956(14.496-
7.968) 11.314) 13.002) 14.269) 15.544)
Sefferson | 12960 8.428(8.32- 11.775(11.589- | 13.357(13.089- | 14.495(14.142- | 15.602(15.151-
8.538) 11.992) 13.685) 14.932) 16.159)
efferson | 14400 | O111(994- | 12601(12408- | 14227(13.946- | 153815011~ | 16.486(16.007-
9.232) 12.847) 14.601) 15.884) 17.143)
King 15 0.357(0.34- 0.966(0.909- 1.355(1.25- 1.684(1.526- 2.053(1.823-
0.377) 1.042) 1.497) 1.902) 2.372)
King 20 0.45(0.429- 1.156(1.086- 1.585(1.456- 1.937(L.744- 2.323(2.044-
0.475) 1.249) 1.76) 2.207) 2.719)
King 50 0.511(0.49- 1.175(L.111- 1.668(1.566- 2.147(2.008- 2.769(2.584-
0.539) 1.254) 1.793) 2.317) 2.996)
King 120 0.723(0.698- 1.341(1.274- 1.725(1.617- 2.147(1.997- 2.769(2.563-
0.752) 1.424) 1.86) 2.334) 3.024)
King 180 0.845(0.819- 1.501(L.431- 1.919(1.798- 2.274(2.101- 2.769(2.532-
0.874) 1.593) 2.075) 2.495) 2.73)
King 260 1.224(1.189- 2.119(2.045- 2.843(2.728- 3.565(3.405- 4.493(4.277-
1.263) 2.212) 2.993) 3.772) 4.773)
King 720 1.786(L.742- 2.802(2.706- 3.535(3.386- 4.224(4.019- 5.069(4.788-
1.833) 2.915) 3.718) 4.48) 5.417)
King 1440 2'42.5;5'3‘;18 3'675(7%)597 4'33.22;‘42)08 4'82%;‘883 5.415(5.18-5.69)

. 5.557(5.448- 6.465(6.305- 7.143(6.931- 7.821(7.549-
King 2880 | 3.757(3.7-3.816) 5.6‘586) 6.6(62) 7.£§06) 8.1(63)
King 4320 4.781(4.713- 7.038(6.893- 8.24(3.012- 9.178(8.864- 10.158(9.738-

4.858) 7.208) 8.509) 9.545) 10.649)
King 5760 5.417(5.335- 7.922(7.761- 9.252(8.996- 10.287(9.938- | 11.366(10.899-
5.505) 8.12) 9.571) 10.725) 11.96)

. 8.813(8.636- 10.2(9.935- 11.265(10.909- | 12.368(11.903-
King 7200 | 6.089(6-6.183) 9.0(13) 10?506) 11.5374) 12.&303)
King 8640 6.828(6.723- 9.878(9.691- 11.355(11.079- | 12.434(12.069- | 13.495(13.031-

6.935) 10.099) 11.688) 12.875) 14.069)

) 10.297(10.111- | 11.782(11.518- | 12.853(12.509- | 13.896(13.455-
King 10080 | 7.17(7.06-7.28) 10.(516) 12.(108) 13.(286) 14.2153)
King 11500 | 7:601(7.484- 10.8(10.61- 12.286(12.018- | 13.351(13.003- | 14.383(13.942-

7.718) 11.033) 12.63) 13.802) 14.962)
King 1po60 | B28A(B161- | 11646(11448- | 1318(12901- | 14271(13.913- | 15322(14.875-
8.409) 11.884) 13.527) 14.719) 15.893)
King 14400 8.695(8.57- 12.005(11.899- | 13.618(13.341- | 14.603(14.339- | 15.726(15.282-
8.829) 12.338) 13.974) 15.151) 16.304)
Kitsap 15 0.335(0.319- 0.891(0.832- 1.292(L.18- 1.652(1.484- 2.074(1.829-
0.355) 0.971) 1.442) 1.885) 2.415)

: 0.419(0.399- 1.041(0.971- 1.461(1.332- 2.246(1.966-
Kitsap 30 0.4543) 1.1(34) 1.6(38) 1.828(1633-2.1) 2.6(45)
Kitsap 50 0.419(0.403- 1.041(0.998- 1.541(1.469- 2.157(2.055- 3.043(2.903-

0.438) 1.096) 1.632) 2.285) 3.22)
Kitsap 120 0.654(0.633- 1.184(1.123- 1.554(1.446- 2.157(1.997- 3.043(2.808-
0.677) 1.258) 1.686) 2.351) 3.324)
Kitsap 180 0.805(0.784- 1.388(1.33- 1.772(1.672- 2.157(2.01- 3.043(2.836-
0.83) 1.464) 1.902) 2.086) 2.582)
Kitsap 260 1.189(L.155- 2.098(2.024- 2.845(2.728- 3.502(3.43- 4.557(4.336-
1.227) 2.191) 2.994) 3.799) 4.838)
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Kitsa 720 1.725(1.68- 2.797(2.701- 3.637(3.486- 4.459(4.25- 5.499(5.214-
p 1.772) 2.914) 3.825) 4.721) 5.856)
Kiten a0 | 22242198 3.236(3.185- 3.805(3.721- 4.459(4.343- 5.499(5.343-
P 2.253) 3.207) 3.809) 4.587) 5.669)
it Jes0 | 3248(3.208- 4.782(4.707- 5.561(5.451- 6.144(5.997- 6.728(6.538-
P 3.289) 4.872) 5.699) 6.328) 6.968)

: ] 5.327(5.246- 6.169(6.044- 6.799(6.632- 7.432(7.216-

Kitsap | 4320 | 3.662(3.62-3.71) 5 428) 6323 7008 o

. 4.478(4.424- 6.47(6.360- 7.468(7.315- 8.21(8.005- 8.951(8.682-
Kitsap 5760 4.535) 6.580) 7.652) 8.459) 9.281)
it 00| 5046(4.987- 7.213(7.105- 8.252(8.093- 9.016(8.807- 9.778(9.513-

P 5.107) 7.333) 8.429) 9.248) 10.073)

: 5.056(4.996- 7.247(7.141- 8.313(8.156- 9.093(8.884- 9.861(9.592-
Kitsap 8640 5.12) 7.379) 8.509) 9.35) 10.199)

. 5.187(5.123- 7.359(7.247- 8.412(8.249- 9.183(8.969- 9.943(9.667-
Kitsap | 10080 5.251) 7.486) 8.603) 9.436) 10.271)
it L1500 | 5.941(5.868- 8.322(8.203- 0.443(9.271- | 10.253(10.028- | 1L.044(10.756-

P 6.013) 8.467) 9.657) 10.535) 11.407)
it Lpos0 | 6.315(6.241- 8.817(8.695- 9.988(9.815- 10.832(10.61- | 11.656(11.374-
P 6.301) 8.962) 10.198) 11.106) 12.004)
it Las00 | ©-315(6.244- 8.817(8.698- 9.988(9.814- | 10.832(10.603- | 1L.656(1L.350-
P 6.393) 8.963) 10.208) 11.124) 12.033)

— 0.288(0.275- ] 1.083(L.013- 1.297(1.196- 1516(1.373
Kittitas 15 050 0.8(0.76-0.852) 1 175) 1438 171D
— 0.364(0.348- 0.916(0.87- 1.215(1.132- 1.44(1.318- ]
Kittitas 30 0.381) 0.976) 1.322) 1.606) 1.67(1.496-1.91)
R 5 0.452(0.432- 1.059(0.995- 1.448(1.348- 1.785(1.648- 2 174(1.992-

0.479) 1.137) 1.572) 1.951) 2.304)
- 120 0.597(0.573- 1.199(1.138 1.558(1.461- 1852(1.721 2 174(1.999-
0.625) 1.277) 1.679) 2.016) 2.393)
ititas 180 0.686(0.661- 1.328(1.258- 1741(1.621- 2.093(1.923- 2.488(2.257-
0.713) 1.416) 1.89) 2.302) 2.773)
R 260 0.919(0.892- 1.746(1.682- 2.447(2.341- 3.152(3.002- 4.061(3.853-
0.949) 1.825) 2.577) 3.335) 4.314)

— 1.327(1.293 ] 2.875(2.734- 3.508(3.308- 4.287(4.007-
Kittitas 720 1368 2.21(2.124-2.31) 500 242) 60)

— 2.088(2.056- 3.203(3.13- 3.826(3.703- 4.337(4.161- 4.901(4.654-
Kittitas | 1440 2.121) 3.286) 3.965) 4.536) 5.181)

— 3.046(2.995- 4.601(4.498- 5.432(5.273- 6.08(5.863- 6.756(6.468
Kittitas | 2880 3.101) 4.724) 5.626) 6.345) 7.109)

— 4.074(4.007- 6.131(5.992- 7.238(7.019- 8.107(7.806- 9.018(8.614-
Kittitas |~ 4320 4.148) 6.301) 7.515) 8.487) 9.53)

— 4.606(4527- 6.797(6.646- 7.923(7.697- 8.783(8.485- 9.663(9.278-
Kittitas | 5760 4.69) 6.98) 8.204) 9.152) 10.144)
— 5.18(5.004- 7.633(7.467- 8.856(8.613- 9.779(9.457- 10.719(10.31-
Kittitas 7200 5.272) 7.822) 9.137) 10.147) 11.19)

— 5.891(5.794- 8.62(8.442- 9.951(9.688- | 10.933(10.587- | 1LOL(1L471-
Kittitas | 8640 5.996) 8.835) 10.267) 11.346) 12.439)
” 6.032(5.931- 8.869(8.691- 10.246(9.994- | 11.255(10.924- | 12.252(11.827-
Kittitas |~ 10080 6.138) 9.082) 10.563) 11.675) 12.793)
— 6.355(6.244- 9.216(9.022- | 10.588(10.306- | 1L594(11.226- | 12.592(12.124-
Kittitas |~ 11520 6.469) 9.446) 10.933) 12.048) 13.176)
— 7449(7328- | 10554(10.354- | 11.988(LL.7- | 13.024(12.651- | 14.04(13.566-
Kittitas |~ 12960 7.58) 10.797) 12.341) 13.479) 14.614)
— 7874(7.742- | 1L075(10.868- | 1253(12.238- | 13.568(13.194- | 14.574(14 105
Kittitas |~ 14400 8.011) 11.329) 12.896) 14.038) 15.165)
— 0.247(0.236- 0.637(0.607- - 1.017(0.942- 1.185(1.08-
Klickitat 15 0,255 0677 0.853(0.8-0.922) 1118 P356)

— 0.309(0.297- ] 0.978(0.913- 1.165(1.069- 1.361(1.224-
Klickitat | 30 082 0.737(0.7-0.784) 1 063) 1235) L5)
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S 0.436(0.417- 1.009(0.951- 1.375(1.282- 1.686(1.56- 2.042(1.873-
0.46) 1.081) 1.489) 1.841) 2.249)
— 0.559(0.538- 1.125(1.069- 1.462(1.373- 1.74(L.618- 2.045(1.882-
Klickitat |~ 120 0.585) 1.196) 1.574) 1.892) 2.25)
— 0.662(0.639- 1.242(1.181- 1.611(1.508- 1.927(1.781- 2.282(2.083-
Klickitat | 180 0.686) 1.317) 1.739) 2.105) 2.524)
— 0.832(0.808- 1551(1.493- 2 141(2.046- 2.724(2.589- 3.464(3.276-
Klickitat | 360 0.858) 1.621) 2.256) 2.886) 3.69)
— 1172(1.143- 1.955(1.881- 2.532(2.400- 3.076(2.901- 3.743(3.498-
Klickitat |~ 720 1.204) 2.04) 2.672) 3.275) 4.016)
— 1.726(1.699- 2.698(2.637- 3.248(3.147- 3.691(3.549- 4.169(3.971-
Klickitat |~ 1440 1.754) 2.768) 3.368) 3.866) 4.414)
— 2.548(2.500- 3.889(3.805- 4.618(4.486- 5.195(5.016- 5.806(5.566-
Klickitat | 2880 2.591) 3.989) 4.777) 5.41) 6.09)
— 3.127(3.079- 4.73(4.626- 5.631(5.465- 6.357(6.124- 7.135(6.817-
Klickitat | 4320 3.179) 4.855) 5.84) 6.649) 7.537)
— 3.447(3.39- 5.132(5.02- 6.114(5.933- 6.932(6.678- 7.836(7.486-
Klickitat |~ 5760 3.504) 5.262) 6.325) 7.225) 8.237)
— 3.888(3.831- 5.733(5.613- 6.791(6.596- 7.664(7.391- 8.623(8.254-
Klickitat |~ 7200 3.949) 5.871) 7.009) 7.969) 9.039)
— 4.235(4.172- 6.272(6.137- 7.403(7.188- 8.32(8.023- 9.316(8.915-
Klickitat | 8640 4.303) 6.419) 7.634) 8.638) 9.744)
— 4.478(4.408- 6.66(6.532- 7.778(7.59- 8.626(8.374- ]
Klickitat | 10080 ho1o) 5615) 5 030) 505 9.49(9.161-9.93)
— 4.803(4.728- 7.074(6.94- 8.212(8.015- 9.068(8.806- 9.935(9.595-
Klickitat |~ 11520 4.877) 7.229) 8.446) 9.383) 10.35)
— 5.58(5.496- 8.071(7.926- 9.281(9.07- 10.179(9.899- | 1L.08(10.718-
Klickitat | 12960 5.671) 8.247) 9.544) 10.529) 11.534)
— 5.858(5.768- 8.418(8.264- 0.648(0.426- | 10.556(10.264- | 1L.464(11.00-
Klickitat | 14400 5.949) 8.509) 9.922) 10.918) 11.931)
Lo " 0.396(0.378- 1.086(1.023 1518(1.402- 1.879(1.704- 2.28(2.026-
0.418) 1.17) 1.674) 2.119) 2631)
Cois " 0.491(0.468- 1.221(1.145- 1.679(1537- 2.068(L.85- 2.507(2.183-
0.518) 1.324) 1.879) 2.384) 2.982)
Lo 5 0.491(0.468- 1.326(1.258- 2.066(.950- 2.865(2.719- 3.99(3.797-
0.521) 1.411) 2.198) 3.042) 4.224)
s 120 0.755(0.725- 1.529(L.44- 2.066(1.913- 2.865(2.642- 3.99(3.672-
0.789) 1.637) 2.249) 3.128) 4.366)
Lo 150 0.899(0.87- 1.692(1.609- 2.223(2.078- 2.865(2.654- 3.99(3.695-
0.933) 1.799) 2.407) 2.783) 3.449)
Lo 260 1.224(1.188- 2.204(2.212- 3.217(3.085- 4.157(3.973 5.383(5.13-
1.264) 2.397) 3.386) 4.304) 5.708)
s 0 1.753(1.704- 3.025(2.909- 4.097(3.900- 5.173(4.908- 6.554(6.187-
1.807) 3.166) 4.33) 5.501) 7.007)
s a0 | 26282587 3.937(3.853- 4.621(4.486- 5.173(4.985- 6.554(6.298-
2,671) 4.036) 4.785) 5.405) 6.873)
Lo Jgg0 | 3.724(3.666- 5.514(5.399- 6.446(6.273- 7.157(6.926- 7.883(7.58-
3.785) 5.651) 6.664) 7.454) 8.278)
ot | am0 | 4611(4502 6.756(6.609- 7.897(7.668- 8.786(8.474- 9.714(9.303-
4.686) 6.924) 8.162) 9.146) 10.194)
s ce0 | 54335349 7.887(7.724- 9.165(8.913- 10149(9.811- | 11.165(10.719-
5.522) 8.081) 9.47) 10.562) 11.717)
s 00| 59025817 8.444(8.271- 9.819(9.546- 10918(1054- | 12.093(11.586-
5.991) 8.644) 10.137) 11.358) 12.686)
s 5640 6.631(6.53- 9.543(9.347- | 1L.065(10.765- | 12.252(11.844- | 13.496(12.957-
6.732) 9.76) 11.405) 12.714) 14.11)
Cowis | 10080 | 68336732 9.728(9.544- | 11.171(10.902- | 12.259(11.905- | 13.496(13.036-
6.936) 9.93) 11.475) 12.664) 14.019)
Cowis | 11500 | 7523(7413 | 1060101041 | 1210211828 | 13224(12.864 | 14.356(13.80-
7.633) 10.819) 12.426) 13.651) 14.906)
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Lewis lposo | 8108(7995- | 11286(11.096- | 12.809(12531- | 13.94(13.572- 15.075(14.6-
8.225) 11.509) 13.138) 14.37) 15.626)
Lowis 14200 | B609(8489- | 11889(11.689- | 13.449(13156- | 14598(14.213- | 15.744(15.25-
8.733) 12.129) 13.81) 15.072) 16.354)
Lincoln 15 0.206(0.198- 0.477(0.453- 0.637(0.597- 0.766(0.709- 0.903(0.827-
0.216) 0.509) 0.689) 0.84) 1.004)
Lincoln 20 0.265(0.254- 0.572(0.542- 0.763(0.711- 0.922(0.845- 1.097(0.987-
0.277) 0.609) 0.832) 1.026) 1.247)

: 0.33(0.317- 0.663(0.628- ] 1.122(1.032- 1.394(1.266-
Lincoln 60 0.345) 0.709) 0.9(0.839-0.98) 1.238) 1.559)
Lincoln 120 0.426(0.414- 0.761(0.729- 0.988(0.933- 1.188(L.11- 1.421(1.312-

0.44) 0.802) 1.056) 1.286) 1.557)

: 0.518(0.504- 0.879(0.846- ) 1.289(1.214- 1.505(1.402-
Lincoln 180 0.533) 0.92) 1.1(1.046-1.165) 1.38) 1627)

: ] 1.114(1.074- 1.416(1.352- 1.694(1.606- 2.03(1.909-
Lincoln 360 | 0.69(0.672-0.71) 1153) L434) L804) > 179)
Lincoln 720 0.876(0.854- 1.375(1.325- 1.712(1.632- 2.021(1.909- 2.389(2.234-

0.899) 1.433) 1.805) 2.149) 2.562)

: 1.211(1.193- 1.83(L.791- 2.183(2.117- 2.47(2.374- 2.78(2.648-
Lincoln 1440 1.23) 1.878) 2.263) 2.586) 2.942)

: 1.652(1.627- 2.463(2.411- 2.907(2.825- ] 3.63(3.477-
Lincoln 2880 1.678) 2 525) 3.008) 3.258(3.145-3.4) 3.823)

: ] 3.091(3.026- 3.655(3.55- 4.105(3.950- 4.585(4.386-
Lincoln | 4320 | 2.08(2.05-2.111) 3.153) 2 703) 4273) 45L)

: 2.335(2.303- 3.407(3.338- 4.024(3.912- 4.534(4.375- 5.092(4.873
Lincoln | 5760 2 368) 3.486) 4.156) 4.721) 5.352)
Lincoln | 7200 2.449(2.416- 3.55(3.479- 4.171(4.056- 4.677(4.514- 5.225(5.002-

2.485) 3.636) 4.309) 4.87) 5.488)
Lincoln | 8640 2.62(2.583- 3.794(3.72- 4.416(4.304- 4.901(4.749- 5.406(5.204-
2.658) 3.879) 4.552) 5.088) 5.657)
: 2.828(2.786- ] 4.766(4.643- 5.273(5.106- 5.79(5.560-
Lincoln 10080 2.871) 4.1(4.019-4.196) 4.919) 5.484) 6.074)
: 3.056(3.011- 4.417(4.325- 5.16(5.013- 5.747(5.542- ]
Lincoln 11520 3.103) 4.522) 5.334) 5.993) 6.37(6.09-6.708)
: 3.241(3.193- 4.673(4.578- 5.449(5.298- 6.062(5.852- 6.71(6.423-
Lincoln |~ 12960 3.29) 4.785) 5.631) 6.319) 7.067)
: 3.405(3.355- 4.905(4.805- 5.714(5.555- 6.347(6.127- 7.014(6.713-
Lincoln | 14400 3.457) 5.021) 5.902) 6.612) 7.375)
Mason 5 0.371(0.353- 0.861(0.801- 1.222(1.112- 1.559(1.39- 1.968(1.718-
0.391) 0.94) 1.372) 1.793) 2.317)

Mason 20 0.448(0.426- 1.057(0.982- 1.493(1.351- 1.892(1.672- 2.366(2.038-
0.473) 1.159) 1.695) 2.215) 2.855)

Mason 50 0.482(0.458- 1.482(1.417- 2.521(2.416- 3.735(3.59- 5.537(5.341-
0.511) 1.563) 2.651) 3.914) 5.779)

Mason 120 0.886(0.852- 1.758(1.652- 2.521(2.329- 3.735(3.447- 5.537(5.112-
0.923) 1.883) 2.746) 4.07) 6.032)

Mason 180 1.115(1.08- 2.102(2.002- 2.784(2.609- 3.735(3.474- 5.537(5.167-
1.155) 2.231) 3.007) 3.319) 4.202)

Mason 260 1.675(1.625- 3.194(3.079- 4.523(4.337- 5.884(5.623- 7.666(7.307-
1.73) 3.338) 4.758) 6.215) 8.123)

Mason 720 2.48(2.400- 4.385(4.214- 6.053(5.773- 7.75(7.355- 9.953(9.406-
2.559) 4.596) 6.402) 8.243) 10.635)

2.501(2.466- 4.385(4.317- 6.053(5.944- ] 9.953(9.75-
Mason 1440 2538) a471) 6.191) 7.75(7.6-7.941) 10210

3.719(3.668- 5.441(5.343- 6.308(6.163- 7.75(7.550- 9.953(9.707-
Mason 2880 3.774) 5.561) 6.49) 5.025) 5.606)

Mason 1320 4.321(4.263- 6.217(6.101- 7.16(6.989- 7.862(7.638- 9.953(9.669-
4.384) 6.348) 7.361) 8.127) 7.943)

Mason 5760 5.088(5.021- 7.296(7.168- 8.408(8.213- 9.237(8.979- 10.067(9.732-
5.159) 7.445) 8.637) 9.547) 10.479)

112|Page




Mason 7900 5.704(5.629- 8.054(7.92- 9.234(9.032- 10.124(9.851- | 11.027(10.671-
5.78) 8.216) 9.485) 10.465) 11.474)
Mason 8640 6.174(6.093- 8.713(8.565- 9.97(9.751- 10.912(10.62- | 11.863(11.486-
6.255) 8.881) 10.227) 11.252) 12.31)
Vason | 10080 | 6-363(6.477- 9.167(9.018- 10.422(10.206- | 11.344(11.065- | 12.26(11.902-
6.648) 9.333) 10.671) 11.675) 12.684)
Vason | 11520 7.26(7.169- 10.023(9.867- 11.34(11.114- | 12.309(12.013- | 183.275(12.893-
7.354) 10.204) 11.607) 12.659) 13.723)
Mason | 12960 | 7-878(7.781- | 10807(10.645- | 12.184(1195- 13.19(12.884- | 14.188(13.796-
7.977) 10.993) 12.457) 13.546) 14.637)
Vason | 14400 | 8023(7922- | 10905(10.721- | 12.292(12014- | 13292(12917- | 14.265(13.771-
8.13) 11.125) 12.633) 13.754) 14.875)
oranosan | 15 0.272(0.259- 0.765(0.722- 1.07(0.993- 1.321(1.206- 1.592(1.429-
9 0.287) 0.822) 1.174) 1.477) 1.816)
oranogan | 30 0.345(0.329- 0.874(0.825- 1.185(1.096- 1.432(1.302- 1.695(1.51-
9 0.363) 0.938) 1.302) 1.608) 1.947)
oranogan | 60 0.417(0.398- 0.983(0.925- 1.385(1.29- 1.761(1.632- 2.234(2.06-
g 0.442) 1.057) 1.501) 1.921) 2.447)
0.561(0.538- 1.109(1.051- 1.453(1.36- 1.761(1.633- 2.234(2.06-
Okanogan | 120 0.586) 1.181) 1.568) 1.919) 2.448)
0.654(0.633- 1.218(1.16- 1.59(1.492- 1.918(L.777- ]
Okanogan 180 0.677) 1.289) 1.711) 2.09) 2.3(2.104-2.536)
oranosan | 360 0.846(0.822- 1.529(L.472- 2.083(1.991- 2.63(2.501- 3.327(3.148-
g 0.872) 1.597) 2.195) 2.788) 3.543)
1.17(1.139- 1.885(1.814- 2.419(2.304- 2.927(2.766- 3.554(3.332-
Okanogan | 720 1.203) 1.97) 2.557) 3.121) 3.818)
1.729(1.704- 2.651(2.594- 3.169(3.076- 3.591(3.458- 4.051(3.865-
Okanogan | 1440 1.754) 2.713) 3.074) 3.744) 4.265)
2.025(1.996- ] 3.596(3.504- 4.02(3.894- 4.458(4.291-
Okanogan 2880 2.056) 3.05(2.99-3.119) 3.707) 4.173) 4.662)
2.552(2.514- 3.802(3.725- ] 4.97(4.813- 5.494(5.286-
Okanogan 4320 2501) 3.889) 4.462(4.344-4.6) 5.159) 5.745)
2.695(2.658- 3.967(3.894- 4.636(4.526- 5.15(5.001- 5.679(5.481-
Okanogan | 5760 2735) 4.055) 4.774) 5.338) 5.93)
3.19(3.145- 4.701(4.611- 5.501(5.361- 6.118(5.926- ]
Okanogan 7200 3.236) 4.805) 5.665) 6.345) 6.754(6.5-7.058)
3.267(3.222- 4.808(4.718- 5.606(5.47- 6.212(6.029- 6.828(6.59-
Okanogan | 8640 3.315) 4.913) 5.769) 6.432) 7.116)
3.735(3.681- 5.437(5.335- 6.331(6.178- 7.027(6.822- 7.754(7.485-
Okanogan | 10080 3.79) 5.554) 6.512) 7.271) 8.077)
4.128(4.067- 5.985(5.868- 6.966(6.787- 7.733(7.49- 8.537(8.214-
Okanogan | 11520 4.191) 6.124) 7.187) 8.036) 8.944)
4.404(4.341- 6.316(6.199- 7.293(7.115- 8.045(7.805- 8.825(8.508-
Okanogan | 12960 4.469) 6.451) 7.503) 8.328) 9.195)
4.404(4.338- 6.316(6.196- 7.293(7.115- 8.045(7.808- 8.825(3.516-
Okanogan | 14400 4.474) 6.46) 7.514) 8.341) 9.211)
Dacific 5 0.301(0.287- 0.719(0.672- 1.017(0.928- 1.288(1.153- 1.612(1.413-
0.318) 0.784) 1.137) 1.476) 1.891)
Dacific 20 0.443(0.422- 1.046(0.974- 1.467(1.331- 1.847(1.637- 2.296(1.982-
0.468) 1.143) 1.66) 2.157) 2.766)
Dacific 50 0.481(0.463- 1.211(1.163- 1.965(1.885- 2.842(2.721- 4.139(3.98-
0.503) 1.271) 2.067) 2.987) 4.343)
Dacific 120 0.846(0.82- 1.529(1.448- 2.03(1.881- 2.842(2.616- 4.139(3.803-
0.875) 1.627) 2.209) 3.111) 4.537)
Dacific 180 1.081(L.054- 1.824(1.753- 2.316(2.192- 2.842(2.657- 4.139(3.877-
1.112) 1.919) 2.479) 2.747) 3.443)

- 1.559(1 516- ] 3.588(3.449- ] 5.661(5.397-
Pacific 360 L 607) 2.68(2.59-2.797) 2.779) 4.494(4.3-4.759) 6.024)
Dacific 790 2.213(2.149- 3.94(3.788- 5.471(5.224- 7.04(6.692- 9.089(3.608-

2.283) 4.127) 5.78) 7.476) 9.691)
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Pacific | 1440 2'9;%5;334 4'33_35342)99 5'4;16(553'13;37 7.04(6.854-7.29) 9'083%538

» 4.127(4.069- 5.994(5.88- 6.911(6.748- 7.588(7.378- 9.089(8.823-
Pacific | 2880 4.1(91) 6.1(27) 7.1(05) 7.8(39) 6.é26)

. 5.211(5.139- 7.407(7.262- 8.473(8.262- 9.258(8.989- 10.04(9.706-
Pacific 4320 5.2(89) 7.5(64) 8.(71) 9.5(67) 10?43)
Dacific 5760 6.05(5.969- 8.583(8.433- 9.864(9.633- 10.823(10.517- | 11.785(11.386-

6.133) 8.761) 10.135) 11.191) 12.28)
Dacific 7900 6.667(6.578- 9.318(9.164- 10.636(10.405- | 11.619(11.311- | 12.606(12.205-
6.759) 9.513) 10.937) 12.031) 13.141)

. 10.272(10.093- | 11.657(11.402- | 12.678(12.345- 13.7(13.28-
Pacific 8640 | 7.38(7.28-7.475) 10$46) 11.g44) 13.%)56) 14.(188)

.. 7.621(7518- | 10.453(10.281- | 11.757(11.515- | 12.695(12.388- 13.7(13.318-
Pacific | 10080 7.7(22) 10?64) 12.%)33) 13.5)55) 12.154)
bacific | 11520 | ©-502(8.39%8- 11.569(11.4- 12.957(12.717- | 13.951(13.637- | 14.917(14.522-

8.614) 11.771) 13.25) 14.325) 15.387)
oacific | 12060 | O147(9032- | 12385(12.203 | 13831(13575- | 14857(1453- | 15851(15442-
9.262) 12.593) 14.131) 15.24) 16.322)
oacific | 14400 | O0809(0676- | 13124(12871- | 14719(14.331- | 15838(15312- | 16.896(16.197-
9.947) 13.421) 15.184) 16.475) 17.745)
Pend 5 0.252(0.242- 0.584(0.553- 0.787(0.735- 0.954(0.881- 1.135(1.036-
Oreille 0.265) 0.625) 0.855) 1.051) 1.268)
Pend 20 0.317(0.304- 0.682(0.645- 0.917(0.851- 1.115(1.017- 1.335(L.197-
Oreille 0.331) 0.729) 1.003) 1.246) 1.525)
Pend 0.367(0.352- 0.703(0.662- 0.946(0.873- 1.176(1.071-
Oreille 60 0.384) 0.757) 1.039) 1.314) 1.463(1.31-1.66)
Pend 120 0.477(0.463- 0.826(0.79- 1.071(1.011- 1.29(1.204- 1.544(1.425-
Oreille 0.493) 0.871) 1.146) 1.396) 1.692)
Pend 0.564(0.548- 0.923(0.889- 1.129(1.077- 1.544(1.449-
Oreille 180 0.58) 0.965) 1.195) 1.3(1.229-1.389) 1.66)
Pend 260 0.854(0.832- 1.27(1.228- 1.537(L472- 1.772(1.683- 2.045(1.925-
Oreille 0.878) 1.325) 1.624) 1.891) 2.204)
Pend 1.038(L.012- 1.548(1.493- 1.873(L.787- 2.163(2.044-
Oreille 720 1.067) 1614) 1.977) 2.304) 2.501(2.34-2.69)
Pend 1440 1.413(1.393- 2.087(2.045- 2.464(2.394- 2.768(2.67- 3.096(2.964-
Oreille 1.433) 2.135) 2.542) 2.878) 3.247)
Pend 2880 2.184(2.149- 3.196(3.129- 3.705(3.604- 4.086(3.953- 4.47(4.301-
Oreille 2.223) 3.276) 3.824) 4.244) 4.674)
Pend 4320 2.184(2.16- 3.196(3.147- 3.705(3.629- 4.086(3.983- 4.47(4.333-
Oreille 2.208) 3.252) 3.795) 4.212) 4.641)
Pend 5760 2.493(2.456- 3.603(3.532- 4.183(4.074- 4.632(4.485- 5.097(4.905-
Oreille 2.533) 3.69) 4.317) 4.811) 5.332)
Pend 7900 3.146(3.096- 45734474 5.317(5.165- 5.888(5.678- 6.474(6.201-
Oreille 3.198) 4.693) 5.504) 6.142) 6.81)
Pend 8640 3.448(3.396- 4.975(4.872- 5.747(5.594- 6.33(6.129- 6.922(6.666-
Oreille 3.507) 5.096) 5.926) 6.563) 7.221)
Pend Loog0 | 3653(3595- 5.253(5.142- 6.055(5.889- 6.65(6.432- 7.244(6.964-
Oreille 3.714) 5.382) 6.249) 6.905) 7.575)
Pend 11500 | 4277(4203 6.188(6.045- 7.213(6.991- 8.011(7.705- 8.84(8.431-
Oreille 4.352) 6.366) 7.503) 8.415) 9.387)
Pend 4.441(4.364- 6.419(6.277- 8.191(7.895- 8.954(8.563-
Oreille | 12990 4.521) 6.591) 7:432(7.213-1.7) 8.554) 9.427)
Pend L4400 | 4639(4558- 6.688(6.54- 7.715(7.489- 8.472(8.169- 9.221(3.826-
Oreille 4.724) 6.868) 7.993) 8.847) 9.712)
. 0.382(0.364- 1.055(0.997- 1.448(1.344- 1.763(1.607-
Pierce 15 0.203) 1_1(31) 1.5(88) 1.9(75) 2.1(1.876-2.41)
bierce 20 0.479(0.457- 1.253(1.183- 1.691(1.562- 2.036(L.841- 2.402(2.119-
0.504) 1.347) 1.868) 2.31) 2.806)
bierce 50 0.535(0.512- 1.262(1.19- 1.772(1.658- 2.247(2.095- 2.843(2.644-
0.567) 1.351) 1.91) 2.43) 3.083)

114|Page




Dierce 120 0.74(0.712- 1.421(1.349- 1.833(L.717- 2.247(2.088- 2.843(2.628-
0.772) 1.513) 1.978) 2.445) 3.108)
bierce 180 0.848(0.819- 1.588(1.508- 2.068(1.93- 2.481(2.283- 2.949(2.677-
0.88) 1.691) 2.244) 2.73) 3.291)
bierce 260 1.225(1.19- 2.194(2.116- 3.001(2.878- 3.813(3.642- 4.864(4.632-
1.265) 2.291) 3.158) 4.031) 5.161)
bierce 720 1.769(1.723- 2.908(2.801- 3.796(3.625- 4.658(4.418- 5.739(5.408-
1.819) 3.036) 4.006) 4.953) 6.143)
Pierce 1440 2'452’%'1‘;17 3.675(3.6-3.761) 4'3}1%261)95 4'8?0(1"347 5'733851'?11
Pierce 2880 3'55?(63;'?)36 5.3(5.196-5.423) 612%@5” 6'8%32251 7'43_17(;501
bierce 4320 4.59(4.525- 6.722(6.584- 7.844(7.629- 8.714(8.421- 9.617(9.23-
4.665) 6.883) 8.095) 9.053) 10.068)
bierce 5760 5.096(5.019- 7.446(7.296- 8.669(8.435- 9.608(9.292- 10.575(10.158-
5.179) 7.63) 8.958) 9.999) 11.098)
Pierce 7200 5'6?7(?'35)48 8'1?2(;'7%54 9'32%3553 10'319& (71801')063 11.44(11-11.948)
bierce 8640 6.31(6.215- 9.123(8.949- 10.502(10.244- | 11.522(11.18- | 12.538(12.099-
6.409) 9.327) 10.81) 11.93) 13.07)
bierce Loog0 | 6-476(6379- 9.272(9.104- 10.608(10.37- 11.58(11.269- | 12.538(12.139-
6.573) 9.465) 10.896) 11.961) 13.027)
bierce 11500 | 7-142(7.034- 10.117(9.941- | 11511(11.262- | 12.518(12.195- | 13.502(13.00-
7.249) 10.33) 11.827) 12.936) 14.04)
bierce Loog0 | 7-606(7496- | 10674(10.49- | 1209(11838- | 13.106(12.781- | 14.092(13.683-
7.717) 10.886) 12.401) 13.509) 14.607)
bierce 14400 8.23(8.115- 11.447(11.26- | 12.914(12.647- | 13.963(13.618- | 14.981(14.545-
8.354) 11.677) 13.255) 14.405) 15.544)
San Juan 5 0.307(0.292- 0.877(0.818- 1.293(1.182- 1.665(1.498- 2.097(1.855-
0.326) 0.956) 1.442) 1.896) 2.433)
San Juan 20 0.391(0.373- 0.995(0.928- 1.399(1.277- 1.746(1.567- 2.136(1.883-
0.414) 1.083) 1.561) 1.989) 2.485)
San Juan 50 0.426(0.407- 1.143(1.092- 1.838(1.754- 2.625(2.507- 3.767(3.608-
0.449) 1.208) 1.943) 2.77) 3.965)
San Juan 120 0.682(0.658- 1.313(1.239- 1.838(1.707- 2.625(2.431- 3.767(3.485-
0.709) 1.401) 1.994) 2.854) 4.101)
San Juan 180 0.837(0.812- 1.552(1.479- 2.037(1.91- 2.625(2.438- 3.767(3.504-
0.867) 1.645) 2.198) 2.401) 2.998)
sanuan | 360 1.177(1.144- 2.111(2.035 2.883(2.763- 3.657(3.49- 4.656(4.427-
1.215) 2.204) 3.035) 3.868) 4.945)
sanuan | 720 1.646(1.602- 2.756(2.656- 3.661(3.501- 4.550(4.334- 5.704(5.396-
1.693) 2.878) 3.86) 4.838) 6.087)
San Juan | 1440 2.054(2.028- 3.049(2.998- 3.661(3.582- 4.559(4.451- 5.704(5.562-
2.077) 3.102) 3.751) 4.685) 5.877)
2.967(2.93- 4.419(4.346- 5.155(5.045- 5.707(5.561- 6.261(6.073-
SanJuan | 2880 3.085) 4.5(03) 5.2(84) 5.§58) 6.L€85)
3.518(3.478- 5.18(5.096- 6.04(5.913- 6.692(6.52- 7.351(7.122-
SanJuan | 4320 3.5(61) 5.(272) 6.(186) 6.8%1) 7.&‘516)
San Juan 5760 3'99283;?49' 5'8?9(367)34' 6'7275256)27' 7.478(7.288-7.7) 8'195%;345'
4.158(4.108- 6.079(5.98- 7.086(6.933- 7.852(7.642- 8.628(8.351-
SanJuan | 7200 4.2(08) 6.1§38) 7.2(57) 8.(§87) 8.€§41)
san1uan | 8640 4.818(4.752- 6.949(6.822- 8.097(7.904- 8.969(3.708- 9.849(9.506-
4.886) 7.097) 8.327) 9.281) 10.264)
5.178(5.118- 7.52(7.405- 8.715(8.541- 9.607(9.374- 10.5(10.19-
SanJuan | 10080 5.2(38) 7.5347) 8.9(14) 9.f§82) 10.(864)
5.342(5.281- 7.697(7.586- 8.872(8.705- 9.739(9.514- 10.598(10.301-
SanJuan | 11520 5.4504) 7.8(27) 9.575) 10.815) 10.&;62)
5.808(5.744- 8.275(8.16- 9.45(9.277- 10.297(10.069- | 11.122(10.829-
SanJuan | 12960 5.&575) 8.4(11) 9.5355) 10.(568) 11?47)
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santuan | 14400 | 5982(6.916- 8.472(8.354- 9.643(9.471- 10.482(10.257- | 11.294(11.004-
6.051) 8.611) 9.854) 10.761) 11.653)
Skagit 15 0.409(0.389- 1.246(1.173- 1.779(1.643- 2.222(2.018- 2.707(2.413-
0.433) 1.344) 1.962) 2.502) 3.113)
Skagit 20 0.491(0.468- 1.333(1.253- 1.827(1.683- 2.222(2.011- 2.707(2.411-
0.518) 1.437) 2.017) 2.505) 3.111)
skagit 50 0.536(0.508- 1.53(L.445- 2.369(2.238- 3.256(3.081- 4.489(4.262-
0.574) 1.634) 2.528) 3.465) 4.757)
Skagit 120 0.788(0.753- 1.666(1.566- 2.369(2.201- 3.256(3.018- 4.489(4.156-
0.828) 1.788) 2.569) 3.537) 4.881)
Skagit 180 0.928(0.892- 1.871(L.767- 2.509(2.328- 3.256(2.992- 4.489(4.123-
0.967) 2.003) 2.738) 3.059) 3.769)
skagit 260 1.301(1.265- 2.336(2.251- 3.179(3.041- 4.019(3.825- 5.096(4.828-
1.341) 2.438) 3.346) 4.252) 5.417)
Skagit 720 1.789(1.739- 3.068(2.95- 4.144(3.953- 5.221(4.952- 6.601(6.23-
1.844) 3.212) 4.382) 5.556) 7.064)
Skagit 1440 2.262(2.232- 3.363(3.302- 4.144(4.047- 5.221(5.086- 6.601(6.419-
2.291) 3.432) 4.257) 5.381) 6.82)

) 3.23(3.189- 4.822(4.737- 6.263(6.00- 6.891(6.667-
Skagit 2880 3.(275) 4_9(2 o 5.643(5.513-5.8) s 4(75) 7_1(66)

) 3.64(3.592- 5.365(5.266- 6.256(6.103- 6.933(6.728- 7.621(7.353-
Skagit | 4320 3.2;92) 5.£§76) 6.513) 7.1(67) 7.9(29)
Skagit 5760 4.139(4.088- 6.025(5.921- 6.998(6.837- 7.733(7.516- 8.478(3.193-

4.196) 6.148) 7.19) 7.995) 8.827)
Skagit 7900 4.912(4.847- 7.152(7.024- 8.319(8.110- 9.206(8.933- 10.108(9.75-

4.976) 7.292) 8.537) 9.506) 10.51)
skagit 8640 5.216(5.145- 7.513(7.379- 8.696(8.496- 9.585(9.315- 10.476(10.124-

5.288) 7.668) 8.938) 9.913) 10.908)

) 5.725(5.651- 8.213(8.078- 9.448(9.25- 10.359(10.098- | 11.263(10.924-
Skagit | 10080 5.7(99) 8.?568) 9.6536) 10?68) 11.5585)
skegit | 11520 6.39(6.308- 9.114(3.969- 10.452(10.237- | 11436(11.152- | 12.408(12.030-

6.471) 9.285) 10.718) 11.795) 12.88)
Skagit | 12060 | 6445(6365- 9.114(8.973- 10.452(10.246- | 11.436(11.168- | 12.408(12.060-
6.525) 9.276) 10.692) 11.75) 12.808)
) 7.097(7.009- 10.045(9.891- 11.45(11.227- | 12.464(12.174- | 13.453(13.08-
Skagit 14400 7.(19) 10.(23) 11$725) 12.%29) 13.9(22)
Skamania 15 0.421(0.402- 1.219(1.157- 1.665(1.553- 2.007(L.841- 2.36(2.122-
0.444) 1.301) 1.815) 2.234) 2.688)
skamania | 30 0.496(0.473- 1.305(1.234- 1.749(1.62- 2.092(1.898- 2.448(2.166-
0.521) 1.398) 1.925) 2.364) 2.851)
Skamania 50 0.554(0.528- 1.377(1.293- 1.931(1.802- 2.432(2.261- 3.043(2.821-
0.591) 1.479) 2.087) 2.637) 3.305)
Skamania | 120 0'7?7(8'57)25 15?2‘;;;” 2-03.11%'75;98 24;2(525)25 3.043(2.8-3.34)
Skamania | 180 0.903(0.871- 1.735(1.642- 2.274(2.114- 2.734(2.506- 3.25(2.939-
0.94) 1.853) 2.476) 3.019) 3.641)
Skamania | 360 1.127(1.094- 2.151(2.073- 3.039(2.913- 3.945(3.768- 5.127(4.882-
1.165) 2.248) 3.198) 4.169) 5.435)
Skamania | 720 1.882(1.833- 3.052(2.941- 3.938(3.759- 4.785(4.535- 5.833(5.488-
1.934) 3.186) 4.157) 5.092) 6.254)

) 3.145(3.096- 4.837(4.73- 5.731(5.556- 6.431(6.184- 7.174(6.83-
Skamania | 1440 3.1(96) 4.9539) 5.9(35) 6.7(21) 7.5(78)

: 4.624(4.549- 6.902(6.745- 8.098(7.861- 9.021(8.704- 9.976(9.56-
Skamania | 2880 4.7(04) 7.5)8) 8.:§75) 9.3592) 10.4(63)
Skamania | 4320 5.516(5.432- 8.196(8.011- 9.67(9.374- 10.844(10.435- | 12.093(11.541-

5.609) 8.41) 10.017) 11.322) 12.74)
Skamania | 5760 6.718(6.609- 9.858(9.638- 11541(11.198- | 12.863(12.398- | 14.253(13.63-

6.834) 10.12) 11.959) 13.433) 15.022)
Skamania | 7200 7.277(7.168- | 10.516(10.299- | 12.219(11.886- | 13.557(13.104- | 14.965(14.371-

7.39) 10.761) 12.6) 14.071) 15.646)
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skamania | geso | 78350711 | 11386(1L122 | 13108(12.762- | 14.422(13967- | 15.75(15.169-
7.96) 11.614) 13.495) 14.935) 16.413)
camaa | 1o0a0 | 85378403 | 12379(12144- | 14226(13899- | 15568(15.144- | 16.883(16.343-
8.672) 12.65) 14.628) 16.104) 17.573)
camama | 11500 | 88898744 | 1271(12476- | 1449(14.157- | 15.767(15343 | 17.006(16.472
9.027) 12.979) 14.801) 16.3) 17.693)
kamama | 12060 | 100440891 | 14116(1387- | 15957(15.609- | 17.262(16813 | 18517(17.951
10.206) 14.41) 16.386) 17.816) 19.222)
o | 12200 | 10.726(10.56- | 14923(14.663 | 16.795(16.435 | 18.12(17.665- | 19.306(18.83L-
10.897) 15.23) 17.236) 18.676) 20.089)
Snohomis 0.324(0.300- 1.326(1.22- 1.672(1512- 2.062(1.832-
h 15 0.343) 0.924(0.867-1) 1.469) 1.891) 2.381)
Snohomis | 4 0.405(0.386- 1.045(0.979- 1.444(1.325- 1.774(1.599- 2.136(1.888-
h 0.427) 1.13) 1.602) 2.013) 2.481)
Snohomis | g 0.46(0.439- 1.206(L.143- 1.838(.738- 2.506(2.360- 3.432(3.251-
h 0.488) 1.284) 1.961) 2.671) 3.651)
Snohomis |0 0.677(0.65- 1.344(1.260- 1.838(L.711- 2.506(2.325- 3.432(3.177-
h 0.707) 1.435) 1.99) 2.722) 3.736)
Snohomis | o0 0.791(0.765- 1.47(1.39- 1.92(1.796- 2.506(2.325- 3.432(3.182-
h 0.82) 1561) 2.078) 239) 2.932)
Snohomis 1.101(L.069- 2.773(2.656- 354(3.377- 4.532(4.308-
h 360 1.136) 2.011(1.938-2.1) 2.919) 3.744) 4.811)
Snohoris | o 1.568(1.526- 2.597(2.502- 3.417(3.264- 4.22(4.007- 5.236(4.942-
h 1613) 2712) 3.605) 4.484) 5.508)
Snohomis | 0 | 23192287 3.449(3.383- 4.065(3.958- 4.556(4.407- 5.236(5.032-
h 2352) 3.524) 4.188) 4.729) 5.473)
Snohomis 4.947(4 855 5.776(5.639- 6.401(6.217- 7.031(6.794
h 2880 | 3.33(3.284-3.38) 5.057) 5.945) 6.628) 7.328)
Snohormis | o0 3.89(3.839- 5.717(5.61- 6.674(6.505- 7.400(7.16- 8.166(7.864-
h 3.948) 5.843) 6.871) 7.678) 8.523)
Snohomis 4.454(4.394- 6.484(6.366- 7.541(7.357- 9.178(8.848-
h 5760 4.519) 6.628) 7.767) 8.349(8.1-8.658) 9.502)
Snohormis | o~ | 5.065(4.997- 7.332(7.198- 8.491(8.286- 9.375(9.097- 10.281(9.917-
h 5.135) 7.482) 8.723) 9.688) 10.695)
Snohomis 5.572(5.494- 9.279(9.066- 10.195(9.91- | 1L.106(10.738-
h 8640 5.653) 8.044(7.9-8.213) 9.54) 10.544) 11.563)
Snohomis | ooe0 | 6-111(6.025- 8.759(8.61- 10.045(9.832- | 10.984(10.704- | 11.908(LL547-
h 6.196) 8.932) 10.309) 11.338) 12.369)
Snohormis |y co0 | 6:566(6.475- 9.324(9.160- 1064(10417- | 11.596(11.305- | 12.533(12.150-
h 6.657) 9.509) 10.919) 11.967) 13.015)
Snohomis | 1,060 | 7.08(6.984- 9.965(0.803- | 11.318(11.086- | 12.296(11.097- | 13.254(12.875-
h 7.176) 10.153) 11.505) 12.658) 13.715)
Snohomis | 00 | 72947199 | 10212(10.053 | 1157111342~ | 12545(12.248- | 13.49(1311L-
h 7.396) 10.406) 11.859) 12.923) 13.975)
spokane " 0.218(0.208- 0.523(0.496- 0.71(0.663- 0.862(0.795- 1.027(0.935-
0.229) 0.559) 0.771) 0.951) 1.15)
spokene | 30 0.279(0.267- 0.622(0.588- 0.835(0.777- 1.013(0.927- 1.207(1.085-
0.201) 0.664) 0.912) 1.128) 1.374)
Spokane 60 0'30?’.%%2)17 O'Ggf‘égﬁos 0'88752'95;04 1'01%8584 1.333(1.2-1.505)
Spokane | 120 0'43.7‘53'2‘;34 0'7?)'38(357)49 1'01%3359 1'2?35;'11)42 1.461(1.35-1.6)
spokane | 160 0.566(0.549- 0.928(0.892- 1.134(1.08- 1.305(1.231- 1.495(1.39-
0.584) 0.973) 1.205) 1.401) 1619)
Spokane | 360 | 0.74(0.72-0.761) 1'1?_31%'6(;97 1'42?‘%;343 1'61?7(265;62 1'9256%11')5‘2
Spokane | 720 0'93.29(2'7%99 1.4(1.351-1.46) 1'71%36‘;33 1'992?(112?83 2'3;2‘%51)73
1.408(1.388- 2.095(2.053- 2.475(2.406- 2.776(2.679- 3.097(2.963-
Spokane | 1440 1.4528) 2.1(45) 2.5(58) 2.s§95) 3.2(61)
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1.956(1.929- 2.87(2.814- 3.345(3.259- 3.708(3.593- 4.08(3.931-
Spokane | 2880 1.985) 2.936) 3.447) 3.846) 4.264)
2.065(2.038- 3.006(2.952- 3.506(3.42- 3.893(3.774- 4.293(4.134-
Spokane | 4320 2.094) 3.071) 3.608) 4.035) 4.486)
2.327(2.296- 3.335(3.27- 3.908(3.804- 4.379(4.233- 4.894(4.693-
Spokane | 5760 2.358) 3.408) 4.026) 4.545) 5.122)
2.579(2.545- 3.676(3.607- 4.29(4.179- 4.789(4.631- 5.33(5.114-
Spokane | 7200 2.614) 3.76) 4.423) 4.975) 5.581)
2.953(2.916- 4.203(4.127- 4.883(4.765- 5.425(5.263- 6.002(5.788-
Spokane | 8640 2.991) 4.287) 5.015) 5.607) 6.247)
3.141(3.097- 4.498(4.412- 5.207(5.075- 5.738(5.558- 6.27(6.031-
Spokane | 10080 3.187) 4.601) 5.37) 5.962) 6.572)
3.275(3.228- ) 5.428(5.283- 5.997(5.796- 6.577(6.306-
Spokane 11520 3.323) 4.682(4.59-4.79) 5.601) 6.237) 6.903)
3.436(3.387- 4.912(4.817- 5.693(5.543- 6.284(6.078- 6.884(6.605-
Spokane | 12960 3.486) 5.025) 5.873) 6.534) 7.223)
3.437(3.388- 4.912(4.816- 5.693(5.542- 6.284(6.077- 6.884(6.605-
Spokane | 14400 3.488) 5.023) 5.87) 6.53) 7.215)
Stevens 15 0.252(0.241- 0.608(0.573- 0.841(0.781- 1.04(0.953- 1.261(L.141-
0.265) 0.654) 0.921) 1.156) 1.424)
Stovens 20 0.316(0.302- 0.702(0.661- 0.955(0.883- 1.171(1.065- 1.412(1.262-
0.331) 0.754) 1.05) 1.314) 1.618)
Stovens 50 0.369(0.354- 0.725(0.684- 0.983(0.911- 1.229(1.123- 1.536(1.384-
0.387) 0.78) 1.077) 1.366) 1.731)
0.485(0.47- 0.852(0.814- 1.106(1.043- 1.332(1.243- 1.594(1.47-
Stevens | 120 0.502) 0.899) 1.184) 1.443) 1.749)
Stovens 180 0.548(0.533- 0.919(0.884- 1.146(1.09- 1.341(1.264- 1.594(1.489-
0.565) 0.962) 1.214) 1.435) 1.719)
Stovens 260 0.873(0.85- 1.337(1.292- 1.641(1572- 1.909(1.813- 2.219(2.09-
0.898) 1.396) 1.735) 2.038) 2.393)
0.977(0.953- 1.499(1.445- 1.844(1.757- 2.154(2.033- 2.522(2.355-
Stevens | 720 1.004) 1.563) 1.945) 2.204) 2.709)
sevens | 1440 1.287(1.271- 1.912(1.873- 2.275(2.211- 2.576(2.484- 2.91(2.781-
1.305) 1.955) 2.348) 2.682) 3.057)
1.699(1.677- 2.488(2.442- 2.901(2.83- 3.218(3.122- ]
Stevens 2880 1.723) 2542) 2.987) 3.336) 3.543(3.417-3.7)
sevens | 4320 1.857(1.833- 2.697(2.648- 3.14(3.065- 3.482(3.38- 3.835(3.697-
1.883) 2.754) 3.232) 3.609) 4.005)
sevens | 5760 2.173(2.145- 3.118(3.062- 3.634(3.545- 4.042(3.919- 4.476(4.309-
2.202) 3.185) 3.741) 4.192) 4.68)
sevens | 7200 2.427(2.395- 3.473(3.41- 4.032(3.934- 4.47(4.333- 4.928(4.745-
2.46) 3.548) 4.15) 4.633) 5.148)
sevens | 8640 2.857(2.821- 4.068(3.995- 4.701(4.591- 5.192(5.043- 5.699(5.504-
2.895) 4.149) 4.829) 5.365) 5.931)
3.014(2.973- 4.287(4.21- 4.939(4.824- 5.427(5.273- 5.019(5.715-
Stevens | 10080 3.056) 4.376) 5.079) 5.619) 6.175)
3.328(3.282- 4.718(4.627- 5.47(5.326- 6.062(5.862- 6.686(6.414-
Stevens | 11520 3.376) 4.825) 5.642) 6.302) 7.011)
3.512(3.462- 4.981(4.885- 5.748(5.599- 6.327(6.123- ]
Stevens | 12960 2.564) 5.054) 5.927) 6.572) 6.912(6.64-7.24)
3.566(3.514- 5.039(4.941- 5.792(5.642- 6.347(6.145- 6.912(6.644-
Stevens | 14400 3.62) 5.154) 5.972) 6.593) 7.239)
Thurston 15 0.344(0.328- 0.846(0.793- 1.184(1.086- 1.483(1.333- 1.831(1.613-
0.363) 0.917) 1.317) 1.688) 2.136)
] 1.038(0.97- 1.446(1.317- 1.806(1.607- 2.224(1.928-
Thurston 30 | 0.43(0.41-0.454) 1131) 1620) 2.096) 2.662)
Thurston 50 0.436(0.417- 1.175(L.121- 1.88(1.793- 2.674(2.552- 3.822(3.657-
0.46) 1.242) 1.989) 2.823) 4.025)
0.721(0.695- 1.39(1.311- 1.88(1.741- 2.674(2.468- 3.822(3.522-
Thurston 120 0.749) 1.484) 2.046) 2.916) 4.175)
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Thurson | 180 0.868(0.842- 1.592(1.518- 2.079(1.952- 2.674(2.485- 3.822(3.557-
0.898) 1.686) 2.243) 2.53) 3.157)
] 2.337(2.254- 3.201(3.069- 4.069(3.886- 5.102(4.942-
Thurston | 360 | 1.3(1.263-1.342) 2.4 3.369) %.304) 5 514)
1.79(L.741- 3.075(2.959- 4.157(3.97- 5.244(4.98- 6.642(6.278-
Thurston 720 1.844) 3.216) 4.389) 5.571) 7.093)
2.395(2.361- 3.514(3.447- 4.157(4.051- 5.244(5.097- 6.642(6.442-
Thurston | 1440 2.431) 3.506) 4.29) 5.428) 6.891)
3.712(3.66- 5.467(5.366- 6.386(6.233- 7.086(6.88- 7.799(7.528-
Thurston | 2880 3.766) 5.592) 6.586) 7.359) 8.166)
4.541(4.48- 6.611(6.485- 7.676(7.485- 8.484(8.228- 9.307(8.976-
Thurston | 4320 4.608) 6.758) 7.903) 8.789) 9.707)
5.006(4.936- 7.204(7.075- 8.304(8.11- 9.124(3.867- 9.946(9.612-
Thurston | 5760 5.077) 7.353) 8.532) 9.43) 10.35)
5.783(5.709- 8.185(3.037- 9.46(9.226- 10.468(10.145- | 11.537(11.105-
Thurston | 7200 5.86) 8.354) 9.728) 10.84) 12.039)
6.372(6.288- 9.11(8.943- 10.566(10.306- | 11.715(11.356- | 12.931(12.45-
Thurston | 8640 6.457) 9.296) 10.86) 12.118) 13.476)
6.721(6.633- 9.464(9.301- 10.852(10.608- | 11.909(11.588- | 12.993(12.575-
Thurston | 10080 6.81) 9.638) 11.114) 12.259) 13.446)
7.085(6.994- 9.879(0.717- 11.262(11.024- | 12.307(11.993- | 13.372(12.961-
Thurston |~ 11520 7.177) 10.062) 11.534) 12.667) 13.836)
Thurston | 12060 | 7399(7308- | 10239(10.083- | 11.622(11.393- | 12658(12.353- | 13.705(13.309-
7.494) 10.42) 11.888) 13.007) 14.152)
7.813(7.718- | 10.713(10.549- | 12.114(11.87- | 13.152(12.825- | 14.191(13.764-
Thurston | 14400 7.912) 10.908) 12.412) 13.551) 14.711)
Wahkiaku 0.361(0.344- i 1.319(1.218- 1.621(L47- 1.957(1.737-
m 15 0.381) 0.955(0.9-1.028) 1.454) 1.828) 2.262)
Wahkiaku 1.167(1.088- 1.632(1.482- 2.542(2.197-
- 30 | 0.493(0.47-0.52) 1270 1 815) 2.05(1.819-2.39) 2.058)
Wahkiaku | 0.493(0.473- 1.336(1.284- 2.306(2.22- 3.464(3.342- 5.205(5.036-
m 0.516) 1.401) 2.414) 3.617) 5.419)
Wahkiaku [ . 0.883(0.851- 1.738(1.631- 2.389(2.189- 3.464(3.158- 5.205(4.746-
m 0.918) 1.862) 2.621) 3.816) 5.736)
Wahkiaku | o 1.127(1.096- 2.034(1.946- 2.661(2.506- 3.464(3.232- 5.205(4.872-
m 1.164) 2.149) 2.859) 3.318) 4.248)
Wahkiaku 1.542(1.495- 2.989(2.882- ) 5.605(5.362- 7.351(7.018-
m 360 1.594) 3.125) 4.277(4.105-4.5) 5.918) 7.783)
Wahkiaku | .0 2.159(2.096- 3.856(3.707- 5.366(5.124- 6.915(6.574- 8.941(8.47-
m 2.228) 4.039) 5.668) 7.342) 9.531)
Wahkiaku 2.849(2.807- 4.191(4.111- 5.366(5.237- 6.915(6.736- ]

m 1440 2.893) 4.298) 5.538) 7.156) 8.941(8.7-9.27)
Wahkiaku | oo 4.405(4.343- 6.394(6.271- 7.367(7.191- 8.085(7.858- 8.941(8.656-
m 4.474) 6.539) 7.577) 8.354) 6.374)
Wahkiaku | oo 5.324(5.25- 7.575(7.425- 8.676(8.458- 9.494(9.213- 10.313(9.962-
m 5.404) 7.736) 8.922) 9.814) 10.719)
Wahkiaku | oo 6.167(6.085- 8.751(8.597- 10.06(9.823- 11.042(10.728- | 12.03(11.621-
m 6.253) 8.932) 10.335) 11.418) 12.537)
Wahkiaku | 000 6.617(6.529- 9.245(9.09- 10.564(10.331- | 11.556(11.244- | 12.562(12.153-
m 6.708) 9.438) 10.864) 11.969) 13.101)
Wahkiaku | ge 0 7.393(7.292- | 10.301(10.119- | 11.714(11.452- | 12.768(12.425- | 13.835(13.398-
m 7.488) 10.491) 12.005) 13.155) 14.337)
Wahkiaku | oo | 7.405(7.304- | 10301(10.132- | 11714(11473- | 12.768(12463 | 13.835(13.453-
m 7.503) 10.485) 11.985) 13.123) 14.284)
Wahkiaku | oo 8.45(8.346- 11.507(11.338- | 12.899(12.657- | 13.899(13.585- | 14.876(14.479-
m 8.561) 11.708) 13.19) 14.271) 15.344)
Wahkiaku | o | 9.151(0.035- | 12395(12.212- | 13854(13596- | 14.896(14.565 | 15.912(15.497-
m 9.266) 12.603) 14.155) 15.28) 16.385)
Wahkiaku | o[ 9727(9596- | 13043(12.795- | 14.64(14262- | 15771(15.259- | 16.849(16.171-
m 9.862) 13.331) 15.092) 16.387) 17.669)
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Walla 15 0.201(0.193- 0.508(0.484- 0.692(0.65- 0.84(0.778- 0.996(0.909-
Walla 0.21) 0.54) 0.748) 0.921) 1.11)
Walla 20 0.263(0.253- 0.618(0.587- 0.829(0.775- 0.999(0.92- 1.181(1.07-
Walla 0.274) 0.657) 0.899) 1.104) 1.329)
Walla 50 0.349(0.337- 0.75(0.712- 1.006(0.943- 1.223(1.133- 1.465(1.341-
Walla 0.364) 0.798) 1.086) 1.336) 1.623)
Walla 120 0.445(0.431- 0.847(0.812- 1.102(1.046- 1.323(1.245- 1.577(L471-
Walla 0.46) 0.89) 1.17) 1.418) 1.705)
Walla 180 0.519(0.505- 0.964(0.921- 1.268(1.196- 1.545(1.438- 1.872(L.722-
Walla 0.535) 1.013) 1.352) 1.664) 2.038)
Walla 0.648(0.629- 1.227(1.179- ] 2.102(1.992- 2.617(2.463-
Walla 360 0.67) 1.285) 1.678(1.6-1.775) 2.24) 2.807)
Walla 720 0.845(0.825- 1.427(1.374- 1.826(L.74- 2.192(2.069- 2.63(2.450-
Walla 0.866) 1.483) 1.918) 2.321) 2.807)
Walla 1440 1.137(L.12- 1.735(1.695- 2.078(2.012- 2.356(2.261- 2.653(2.522-
Walla 1.157) 1.783) 2.159) 2.473) 2.818)
Walla 2880 1.556(1.531- 2.329(2.277- 2.776(2.691- 3.144(3.024- 3.549(3.383-
Walla 1.581) 2.391) 2.879) 3.293) 3.754)
Walla 4320 1.785(1.76- 2.646(2.587- 3.167(3.066- 3.613(3.466- 4.117(3.911-
Walla 1.812) 2.714) 3.287) 3.787) 4.364)
Walla 5760 1.938(1.909- 2.825(2.765- 3.353(3.254- 3.797(3.657- 4.291(4.098-
Walla 1.967) 2.893) 3.466) 3.959) 4.515)
Walla 7900 2.306(2.273- 3.342(3.277- 3.925(3.823- 4.396(4.253- 4.901(4.708-
Walla 2.341) 3.423) 4.052) 4.57) 5.133)
Walla ] 3.435(3.367- 4.003(3.897- 4.451(4.305- 4.925(4.728-
Walla 8640 | 2.374(2.34-241) 3.512) 4.127) 4.622) 5.153)
Walla 2.551(2.515- 3.681(3.61- ] 4.797(4.641- 5.331(5.122-
Walla | 10080 2 589) 3.769) 4.3(4.188-4.439) 4.989) 5.59)
Walla 11520 2.61(2.572- 3.752(3.681- 4.349(4.239- 4.812(4.661- 5.331(5.129-
Walla 2.648) 3.836) 4.481) 4.996) 5.58)
Walla Loos0 | 2886(2.846- 4.113(4.038- 4.744(4.629- 5.23(5.071- 5.733(5.518-
Walla 2.927) 4.202) 4.885) 5.427) 6.001)
Walla Laa00 | 2929(2888- 4.163(4.087- 4.781(4.666- 5.249(5.093- 5.733(5.526-
Walla 2.972) 4.251) 4.916) 5.433) 5.979)
Whateom 5 0.364(0.346- 1.085(L.014- 1.602(1.467- 2.06(L.855- 2.584(2.289-
0.386) 1.182) 1.785) 2.341) 2.993)
Whatcorm 20 0.451(0.429- 1.183(1.105- 1.658(1.517- 2.06(1.854- 2.584(2.297-
0.477) 1.286) 1.844) 2.335) 2.974)
Whateom 50 0.461(0.437- 1.469(1.402- 2.505(2.398- 3.709(3.562- 5.492(5.295-
0.491) 1.552) 2.637) 3.888) 5.731)
0.778(0.745- 1.632(1.528- 2.505(2.318- 3.709(3.43- 5.492(5.082-
Whatcom | 120 0.814) 1.755) 2.723) 4.031) 5.965)
0.942(0.909- 1.837(L.743- 2.505(2.341- 3.709(3.467- 5.492(5.151-
Whatcom |~ 180 0.978) 1.957) 2.454) 3.128) 3.967)
1.278(1.238- 2.549(2.455- 3.686(3.532- 4.86(4.642- 6.403(6.101-
Whatcom | 360 1.321) 2.664) 3.877) 5.129) 6.776)
1.902(1.847- 3.398(3.265- 4.722(4.504- 6.077(5.768- 7.841(7.414-
Whatcom | 720 1.963) 3.562) 4.995) 6.462) 8.373)
] 3.398(3.338- 4.722(4.629- 6.077(5.948- 7.841(7.669-
Whatcom | 1440 | 2.3(2.271-2.33) 2457) 4 834) 6.233) 5.055)
3.308(3.267- 4.928(4.841- 5.763(5.631- 6.394(6.218- 7.841(7.614-
Whatcom | 2880 3.354) 5.031) 5.923) 6.608) 5.174)
3.843(3.793- 5.654(5.551- 6.588(6.427- 7.293(7.08- 8.008(7.73-
Whatcom | 4320 3.896) 5.769) 6.765) 7.532) 8.321)
4.38(4.329- 6.35(6.244- 7.367(7.204- 8.137(7.914- 8.914(8.62-
Whatcom |~ 5760 4.439) 6.474) 7.564) 8.406) 9.275)
5.055(4.99- 7.332(7.202- 8.525(8.322- 9.431(9.153- 10.35(9.984-
Whatcom |~ 7200 5.119) 7.47) 8.741) 9.732) 10.756)
5.416(5.345- 7.774(7.64- 8.989(8.789- 9.902(9.631- 10.819(10.464-
Whatcom | 8640 5.486) 7.927) 9.232) 10.235) 11.258)
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5.893(5.818- 8.393(8.259- 9.636(9.442- 10.555(10.297- | 11.466(11.131-
Whatcom |~ 10080 5.964) 8.546) 9.877) 10.88) 11.898)
6.481(6.403- 9.193(9.051- 10.524(10.315- | 11.501(11.225- | 12.465(12.107-
Whatcom | 11520 6.559) 9.357) 10.78) 11.847) 12.922)
6.649(6.569- 9.371(9.227- 10.67(10.461- | 11.615(11.344- | 12.543(12.201-
Whatcom |~ 12960 6.727) 9.531) 10.908) 11.927) 12.941)
7.056(6.972- 9.973(0.824- 11.373(11.159- | 12.385(12.106- | 13.372(13.011-
Whatcom |~ 14400 7.145) 10.15) 11.637) 12.736) 13.824)
Whitman 15 0.201(0.192- 0.497(0.471- 0.68(0.635- 0.83(0.765- 0.993(0.902-
0.211) 0.531) 0.739) 0.916) 1.114)
Whitman 20 0.261(0.251- 0.597(0.566- 0.805(0.749- 0.976(0.894- 1.162(1.047-
0.273) 0.638) 0.877) 1.084) 1.317)
: 0.33(0.318- 0.685(0.65- 0.929(0.871- 1.151(1.066- 1.416(1.298-
Whitman 60 0.343) 0.727) 1.003) 1.258) 1.569)
) 0.437(0.424- 0.801(0.768- 1.041(0.985- 1.252(1.173- 1.498(1.387-
Whitman |~ 120 0.451) 0.843) 1.11) 1.35) 1.634)
: 0.525(0.51- 0.922(0.884- 1.178(L.115- 1.405(1.314- 1.669(1.543-
Whitman | 180 0.541) 0.968) 1.255) 1513) 1.817)
: 0.685(0.666- ] 1.587(1.514- 1.948(1.845- 2.384(2.242-
Whitman | 360 0.706) 1.2(1.155-1.255) 1677) 2.074) > 556)
: 0.884(0.863- ] 1.847(1.761- 2.211(2.088- 2.649(2.477-
Whitman | 720 0.907) 1.453(1.4-1513) 1944) 2.346) 2832)
: 1.209(1.191- 1.815(L.775- 2.157(2.00- 2.431(2.335- 2.722(2.591-
Whitman | 1440 1.229) 1.864) 2.238) 2.549) 2.887)
: 1.597(1573- 2.361(2.311- 2.781(2.702- 3.114(3.004- 3.467(3.317-
Whitman | 2880 1.622) 2.423) 2.883) 3.259) 3.665)
: 1.95(1.923- ] 3.395(3.295- 3.82(3.679- 4.28(4.087-
Whitman | 4320 L979) 2.871(2.81-2.94) S50) 5.965) 4500)
: 2.154(2.125- 3.117(3.052- 3.685(3.578- 4.162(4.01- 4.695(4.483-
Whitman | 5760 2 185) 3.19) 3.807) 4.336) 4.938)
: 2.309(2.277- 3.322(3.255- 3.905(3.796- 4.386(4.23- ]
Whitman | 7200 2.343) 3405) 4037) 4571) 4.916(4.7-5.167)
) 2.459(2.424- 3.537(3.467- 4.113(4.006- 4.565(4.419- 5.04(4.845-
Whitman | 8640 2.496) 3.617) 4.241) 4.742) 5.278)
: 2.624(2.585- 3.773(3.698- 4.382(4.268- 4.85(4.694- 5.334(5.127-
Whitman | 10080 2.663) 3.864) 4.526) 5.049) 5.603)
: 2.79(2.749- 4.007(3.922- 4.68(4.543- 5.219(5.026- 5.797(5.531-
Whitman |~ 11520 2.832) 4.103) 4.837) 5.442) 6.105)
) 2.973(2.929- 4.268(4.18- 4.985(4.845- 5.561(5.363- 6.178(5.906-
Whitman | 12960 3.016) 4.371) 5.156) 5.805) 6.521)
: 3.127(3.082- 4.491(4.398- 5.241(5.091- 5.842(5.631- 6.486(6.196-
Whitman | 14400 3.173) 4.595) 5.411) 6.085) 6.82)
Y akima 15 0.222(0.213- 0.568(0.54- 0.765(0.717- 0.919(0.85- 1.08(0.983-
0.233) 0.604) 0.829) 1.012) 1.209)
Y akima 20 0.289(0.277- 0.675(0.641- 0.898(0.838- 1.074(0.985- 1.26(1.134-
0.302) 0.718) 0.976) 1.193) 1.433)
Vakima 50 0.371(0.357- 0.819(0.776- 1.12(1.049- 1.388(1.288- 1.705(1.569-
0.389) 0.873) 1.209) 1.512) 1.877)
. ] 0.939(0.895- 1.218(1.146- 1.456(1.354- 1.722(1.583-
Yakima 120 0.49(0.473-0.51) 0.995) 1.31) 1.583) 1.899)
Y akima 180 0.585(0.567- 1.055(1.008- 1.352(1.273- 1.607(1.496- 1.897(L.745-
0.604) 1.112) 1.448) 1.741) 2.079)
Vakima 260 0.758(0.737- 1.38(1.329- 1.874(1.789- 2.353(2.233- 2.952(2.786-
0.781) 1.442) 1.975) 2.496) 3.152)
Y akima 720 1.054(1.028- 1.761(1.695- 2.273(2.164- 2.755(2.599- 3.343(3.123
1.082) 1.836) 2.397) 2.929) 3.581)
: 2.047(2.015- 3.158(3.086- 3.77(3.651- 4.261(4.093- 4.792(4.559-
Yakima | 1440 2.081) 3.24) 3.908) 4.46) 5.071)
: 2.93(2.883- 4.427(4.326- 5.25(5.091- 5.906(5.688- 6.606(6.313-
Yakima | 2880 2.982) 4.545) 5.438) 6.164) 6.952)
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Appendix D

Washington 25-year 15min Precipitation

121
Longitude

*
-119

v
-117

Precipitation(in)
I Less than 0.64
[ oes073
073081

0.81-0.98

0.98-1.05
1.05-1.12
1.12-1.2

| EEEE
B 128142
| RN
| REEE

1.82-1.97

1.97-2.22
2.22-2.56
2.56-2.84
More than 2.84

123|Page



Latitude

Latitude

49-

48-

47=

46+

49-

48-

47-

46-

v
-125

v
-125

T
-123

Washington 25-year 30min Precipitation
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Washington 25-year 60min Precipitation
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Latitude

Washington 25-year 2hr Precipitation
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Washington 25-year 3hr Precipitation
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