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2 Report Updates 

Version Date Update 

08/20/2019 An error was found in the GFDL CM3, RCP 8.5 projection. The error has been 

corrected, but the the previous results should be disgarded and replaced. Table 3 

has been updated to reflect the corrected GFDL CM3 projections. 
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3 Purpose 

The purpose of this project was to use new regional climate model simulations to develop 

stormwater-relevant projections that are specific to the City of Everett. 

The specific objectives of this work were to: 

1. Produce hourly time series estimates of precipitation intensity for two regional model 

simulations for specific locations of interest to city staff. 

2. Develop estimates of the change in the intensity, duration, and frequency of heavy rain 

events for the City of Everett 

3. Create a set of summary products documenting the methodology and results. 

This report describes the methods and products developed as part of the study, along with a brief 

description of the results. 
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4 Background 

Changes in the intensity, duration, and frequency of precipitation may negatively affect 

stormwater facilities, exacerbate landslide and urban flood risk, and lead to other public safety 

and water quality concerns. Recent research has shown that heavy rain events are projected to 

become more intense with climate change (e.g., Warner et al. 2015, Trenberth 2011). This has 

altered the calculus regarding climate change impacts in the Pacific Northwest, since previous 

research suggested very little change in precipitation for the region. This is in part due to new 

methods of “downscaling” the large-scale changes projected by global climate models (GCMs) 

to smaller-scale changes of relevance to impacts assessment. Studies have shown that a physics-

based approach (“dynamical downscaling”), is needed to capture changes in precipitation 

extremes and the associated impacts (Salathé et al. 2014). Previous approaches relied primarily 

on an empirical approach (“statistical downscaling”), which does not provide reliable estimates 

of changes in extremes. In dynamical downscaling, a regional climate model is used to simulate 

local-scale changes in climate, leading to a better representation of changes in the physical 

processes at these scales. This distinction is particularly important for precipitation, since 

dynamical downscaling can explicitly represent the interactions of weather systems with the 

complex terrain of the Pacific Northwest. 

In 2015, King County awarded funding to the UW Climate Impacts Group (CIG) to develop new 

regional climate model simulations of changing precipitation. The City of Everett currently uses 

a set of climate projections showing a 9% increase in winter precipitation extremes and an 18% 

increase in summer extremes. These numbers are unlikely to be applicable to all precipitation 

intensities and durations. For example, the 100-year event may not change by the same amount 

as the 10-year event. Similarly, the 1-hour extreme may change more rapidly than the 24-hour 

maximum in precipitation. In addition, a median climate change estimate may not be suitable for 

mitigating the risks to stormwater facilities. As described below, the new projections funded by 

King County include a high-end and a low-end projection. For the current project, these new 

projections are used to evaluate changes in heavy rain events for a variety of intensities and 

durations. 
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5 Data 

5.1 Global Climate Model (GCM) Scenarios 

Regional weather and climate patterns can be influenced by conditions in other parts of the globe. 

As a result, regional climate model (RCM) simulations can only be produced by using the 

outputs from a global climate model as boundary conditions. Heavy rain events in the Pacific 

Northwest are typically driven by “Atmospheric River” (AR) events, in which narrow bands of 

concentrated moisture are carried into the region from lower latitudes. Previous studies have 

shown that global models are capable of representing the key aspects of Atmospheric Rivers (e.g., 

Flato et al. 2013), but lack the resolution to capture the local consequences for precipitation 

given the complex topography of the Pacific Northwest. This means two things: (1) that regional 

climate models are needed to estimate local-scale changes in extreme precipitation, and (2) that 

global climate models are appropriate to use as boundary condition for these regional climate 

simulations. 

GCM projections were obtained from the Climate Model Inter-comparison Project, phase 5 

(CMIP5; Taylor et al., 2012). As part of the CMIP5 project, international modeling groups 

coordinate to create a set of consistent future simulations, driven by predetermined greenhouse 

gas scenarios (“Representative Concentration Pathways”, or RCPs, van Vuuren et al. 2011). In 

order to select a subset of GCMs that are most suited to evaluating changes in the Pacific 

Northwest, global models were evaluated against a range of performance metrics aimed at 

identifying models that best capture the dynamics governing large-scale precipitation in the 

region. Global models were then selected based on two criteria: (1) accuracy in simulating 

northwest climate, and (2) sensitivity to greenhouse gas emissions. From this subset, UW 

selected two CMIP5 projections, ACCESS 1.0 and GFDL CM3, for use in driving RCM 

simulations (Table 1). Model selection and evaluation will be described in detail in two 

forthcoming publications (Mauger et al., in prep; Mauger and Lynch, in prep). 

Table 1. Model-Scenario pairs for the two global projections used to drive the regional model 

simulations. “Model” refers to the Global Climate Model (GCM), while “Scenario” refers to the 

greenhouse gas scenario (Van Vuuren et al. 2011, for more information see Chapter 1 of Mauger et al. 

2015). These were chosen to bracket the range from a low-sensitivity model driven by a low-end 

greenhouse gas scenario (“Low-Low”) to a high-sensitivity model driven by a high-end greenhouse gas 

scenario (“High-High”). 

Model Model Citation Greenhouse Gas Scenario Shorthand Description 

ACCESS 1.0* Griffies et al. 2011 RCP 4.5 (Low emissions) “Low-Low” 

GFDL CM3† Bi et al. 2013 RCP 8.5 (High emissions) "High-High” 

*Australian Community Climate and Earth System Simulator coupled model, version 1.0 
†Geophysical Fluid Dynamics Laboratory Climate Model version 3 
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Figure 1 shows how the two GCMs compare to other global models, in terms of both validation 

against observations (left) and projected 21st century changes in climate (right). Model biases 

were assessed relative to the National Center for Environmental Prediction (NCEP) Reanalysis 

product (Kalnay et al. 1998). The validation results show that the two models selected are well 

within the typical range of performance among global climate models and perform better than 

most GCMs for precipitation-related metrics, but that the GFDL model is biased warm in winter 

and the ACCESS model is biased warm for annual average temperature. The global projections 

suggest that the models represent the high- and low-end of projected changes in winter 

precipitation, particularly in terms of the extremes. Temperature changes projected by the two 

models are well within the range of other CMIP5 model projections. 

 

5.2 Regional Climate Model Simulations 

Regional climate model simulations were performed using the Weather Research and 

Forecasting (WRF, http://www.wrf-model.org; Skamarock et al., 2005) community mesoscale 

model. The WRF model was implemented employing a similar approach as used in previous 

work (Salathé et al. 2010, 2014). In this approach, nested 36- and 12-km grids are used to 

downscale from the global atmospheric fields with grid spacings of approximately 100-200 km. 

  
Figure 1. GCM validation results (left) and 21st century projections (right). The GFDL CM3 model (teal) and 

ACCESS 1.0 (magenta) models are highlighted. Other models that ranked highly in the validation are shown in 

black; results for the remaining GCMs are shown in grey for reference. Results are standardized in order to 

facilitate comparisons: the distance from the zero-point is scaled relative to the standard-deviation () over all 

model results. The top four rows in each plot show the results for annual (T-ANN) and winter (Dec-Feb, T-DJF) 

average temperature and annual (P-ANN) and winter (P-DJF) precipitation, respectively. The bottom row for the 

left-hand plot shows the 95th percentile of precipitable water offshore of the Pacific Northwest – this is a key 

indicator of atmospheric river events. The bottom row of the right-hand plot is aimed at capturing the same types 

of events, in this case via the change in the 95th percentile of daily winter precipitation. 

http://www.wrf-model.org/
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The inner 12-km domain spans the region 

from northern California to southern British 

Columbia and from the coastal ocean to the 

Rocky Mountains (Figure 2). 

Simulations were performed using both 

model-scenario pairs described in Section 5.1 

for the years 1970 through 2099. Results were 

archived at hourly intervals following 

Greenwich Mean Time (GMT, which is 8 

hours ahead of local standard time in the 

Pacific Northwest).  

 

5.3 Observations 

Hourly precipitation observations were obtained from three sources: the City of Everett, 

Snohomish County, and the NOAA Cooperative Observer (COOP) network (Table 2).  

Rain gauge observations from the City of Everett were obtained from the City’s FlowWorks 

account (http://www.flowworks.com/). Data were obtained in raw form at either 5- or 10-minute 

intervals and aggregated up to hourly totals, where hourly precipitation refers to the total for the 

previous hour. Values less than zero were excluded as bad values, as well as totals exceeding a 

rate of 3 inches in one hour. All values were converted to millimeters (mm). 

For the Legion Golf Course gauge, three separate versions of the observations are included with 

the following labels: “Final 5 Min Rainfall (in)”, “Rainfall (in)”, “5 Min Rainfall (in)”. Based on 

quality control checks and discussions with Mike Mendlik at the city, the first column (“Final 5 

Min Rainfall (in)”) was deemed the best choice since it appeared to consist uniquely of raw 

gauge data whereas the other columns contained after-the-fact precipitation estimates.  

The City of Everett also uses observations from Snohomish County’s Silver Lake rain gauge in 

planning and design. These data were originally obtained from the County, then in-filled by 

MGS Consultants (see Appendix A for a description of these adjustments). In contrast with the 

Everett gauges, in-filled data were kept for the Silver Lake gauge since this is the accepted time 

series used by the city in stormwater planning and design. Specifically, data with the following 

error codes were kept: e (Estimated Value), f (Frozen Melt), h (Estimated Hourly Value), r 

(Revised), x (Extrapolated). Although there were incidences of the first three, the data did not 

contain any instances of the ‘r’ or ‘x’ codes. Data with the following error codes were excluded 

from the analysis: * (Additional errors), a (Accumulated), d (Estimated Daily Value), m 

 

Figure 2. Domains for the WRF model: Western US at 

36-km and Pacific Northwest at 12-km grid. 

http://www.flowworks.com/
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(Missing), n (Note), p (Provisional), q (Questionable), and s (Snow). The Silver Lake data file 

only includes results for non-zero precipitation measurements. These were aggregated to hourly 

totals to create a continuous precipitation time series, including zero values for the dry spells 

occurring between precipitation events. As above, negative and excessively high values were 

excluded and the results were converted to mm. 

Additional observations of hourly precipitation were obtained from Cooperative Observer 

Network (COOP) rain gauge sites through the NOAA National Center for Environmental 

Information (NCEI; NOAA 2003). COOP stations exist across the region, and many records 

extend back several decades. We chose to include these in the analysis both as an additional 

check on the Everett and Silver lake stations, and as a way of putting local changes in the context 

of the projections for western Washington as a whole. COOP stations were selected based on the 

following criteria: 

1. Over 30 years from start to end of observational record 

2. At least 10% of available data has valid measurements 

3. Observations continue through at least 1995 

In all, there were 26 COOP stations in western Washington that met these criteria. Data were 

requested in mm. Although data for all gauges is included in the final results, only the Everett 

gauges are listed in Table 2 since these are most pertinent to the current study. Information on 

the remaining gauges can be obtained from the forthcoming report for King County (Mauger et 

al., in prep). 

Table 2. Observing stations from which hourly rain gauge data were obtained. 

Source Station Name ID Location Record Length 

Everett Fire Station #4 Rain Gage FS4 47.94398N / 122.24303W 01/2011-10/2016 

Everett Fire Station #6 Rain Gage FS6 47.91212N / 122.23868W 01/2011-10/2016 

Everett Lift Station #8 Rain Gage LS8 47.99909N / 122.21274W 01/2011-10/2016 

Everett Lift Station #33 Rain Gage LS33 47.96999N / 122.19012W 03/2011-10/2016 

Everett Lift Station #2 Rain Gage LS2 47.97769N / 122.22118W 03/2011-10/2016 

Everett Lift Station #9 Rain Gage LS9 47.99524N / 122.18375W 03/2011-10/2016 

Everett Legion Golf Course LgnGolf 48.01072N / 122.20142W 01/2012-09/2015 

Everett North Creek 124 NCrk124 47.88533N / 122.22363W 09/2013-10/2016 

Everett Service Center SrvCtrEvt 47.9753N / 122.19503W 09/2013-10/2016 

COOP EVERETT WA US 452675 47.9752N / 122.195W 07/1948-01/2014 

SnohoCty Silver Lk Water District 

Office @ 132nd 

SlvLk132 47.87685N / 122.20184W 11/1987-09/2016 
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The COOP data include two quality control flags: a “Measurement” and a “Data Quality” flag. 

Observations were treated as missing values if any of these flags were present, with one 

exception: data flagged as Trace precip (“T”) were set to zero (valid data, no precipitation).  

Additional inspection of the COOP data revealed periods when precipitation was zero for long 

stretches, extending beyond one month without precipitation, yet there were no flags to indicate 

missing data. Data checks with other gauge networks, showed that dry spells of this length do not 

happen in the region, even in the relatively drier eastern half of the state. As a result, two 

additional quality control checks were added to the data: (1) data were set to missing when all-

zeros stretches extended to more than 60 consecutive days, and (2) COOP stations were only 

included if 95% of available data was present for at least 30 water years (Oct-Sep). By applying 

these additional criteria, we were able to remove the vast majority of questionable data. 

Finally, two data considerations are worth noting. First, the Everett rain gauge records are quite 

short, limiting the accuracy of the precipitation statistics that can be obtained. This is evident in 

the results that are presented below. As a result, we recommend a focus on the results for the 

Silver Lake, with the Everett COOP station in Everett serving as a check on those results. Second, 

although we have made every attempt to comprehensively remove errors in the observations, 

some anomalous values may remain, and these errors could affect the bias correction of the 

model projections. For this reason, we have included extensive information on model biases, 

both before and after bias correction, in the products outlined below. In addition, we recommend 

using the percent changes as opposed to the absolute model projections in stormwater planning 

and design. 
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6 Post-Processing 

6.1 WRF data extraction 

The WRF outputs are on a curvilinear 12-km grid. The model outputs separate precipitation 

estimates based on whether it is simulated as a result of the convective parameterization 

occurring at the sub-grid scale or as part of a large-scale process that is resolved by the model. 

As is typical, precipitation was calculated as the sum of these two quantities. 

Hourly data were extracted for the nearest grid point to each rain gauge station (nearest-neighbor 

interpolation). These constitute the “raw” WRF data for each station dataset. Since the WRF 

resolution is coarse compared to the spacing of the rain gauge stations, many stations have 

identical raw WRF data. 

Although WRF projections represent a substantial improvement over previous downscaled 

precipitation estimates, the simulations do contain biases. Many applications require estimates of 

absolute precipitation totals, especially those that involve continuous simulation of stormwater or 

other system performance. In these cases, it is not always practical to apply a simple percent 

change to observed historical precipitation intensities, such as those typically obtained from an 

intensity-duration-frequency relationship. As a result, the raw WRF data were additionally bias-

corrected to match the observations at each rain gauge site.  

6.2 Bias Correction 

For each station location, the raw WRF hourly precipitation was bias corrected to the historical 

hourly station data. Observed data were quality controlled as described in Section 5.3, and the 

full period of record was used for each station. 

Although bias correction is a key tool used in many applications, recent work has shown that it 

can introduce artifacts in the case of climate change, especially when considering changes in 

extremes (Mauger et al. 2016). In principle one could design a bias correction approach that 

controls for the sensitivity of climate change. However, such an approach has never been 

developed and in fact may not be feasible given the limits of observational data and the fact that 

a statistical approach may not be able to capture complex changes in the processes and responses 

governing local weather and climate. As a result, our focus in this study is to develop a bias 

correction approach that strikes a compromise between improved accuracy in the historical 

simulations while preserving the projected changes from the raw WRF data. 
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The simplest approach to bias correction is to simply scale the model precipitation so that the 

model average matches the average in the observations. This is sometimes referred to as the 

“Delta” method. An advantage of this approach is that it has no effect on the projected changes. 

However, inspection of the raw model results shows that WRF tends to overestimate the 

intensity of light rain and underestimate the intensity of heavy rain events. This suggests that a 

simple Delta approach will not be adequate, since the bias is not the same for all precipitation 

intensities. Recent approaches to bias correction have typically emphasized a quantile-mapping 

approach, in which the probability distribution from the model is adjusted to match the observed 

probability distribution in precipitation (e.g., Abatzoglou and Brown 2012). While this method is 

quite effective at reducing the historical biases, including those for the extremes, our tests show 

that it can introduce substantial biases in the projected changes (Figure 3; these results confirm 

previous findings by Mauger et al. 2016), particularly for extreme events. These discrepancies 

exist because the correction for one quantile in the historical data can be quite different than the 

correction for the same quantile in the future due to the projected changes in precipitation 

intensity and the limited accuracy in estimating the highest quantiles of the distribution. This 

cannot be readily corrected by removing the long-term trends because the trends are also 

different for different quantiles. This problem is complicated by the fact that quantile estimates 

from a finite sample will always have limited accuracy in the extreme tails of the distribution. 

For this study, we developed a compromise approach, called the “Percentile-Delta” method, 

which combines the intensity-based scaling of the quantile mapping approach with the stability 

  
Figure 3. Comparison of bias correction approaches for the Everett COOP rain gauge station. The figure 

compares the performance of two bias-correction approaches: the recently-developed quantile mapping approach 

and the “Percentile-Delta” method used in this study. Both plots show the statistics for the 2-, 10-, 25-, and 100- 

year extremes in hourly water year precipitation (50%, 10%, 4%, and 1% annual chance of exceedance, 

respectively). The left-hand plot compares the bias corrected model results to both the raw model results and the 

observations. Both bias-correction approaches lead to an improvement over the raw results. The right-hand plot 

compares the percent change in precipitation intensity at each return interval for 2070-2099 (2080s), relative to 

1970-1999 (1980s). In this plot we see that the Percentile-Delta approach closely matches the raw projection, 

while the quantile-mapping approach diverges substantially from the change projected by the model.  
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of the Delta method. In this approach, the historical and future WRF data are adjusted by 

correcting mean biases in precipitation in each quantile range (i.e. 0-1, 1-2, … 99-100). First, all 

model precipitation values below 0.001 inch (0.025 mm) were set to zero. This is a common 

approach since models simulate a continuous distribution of precipitation yet measurements 

cannot resolve quantities less than about 0.01 inch (0.25 mm). Next, adjustments were computed 

in each percentile of precipitation as the ratio of the average from the historical WRF data (1970-

2005) to that from the full observational record. The result is a different set of “deltas” for each 

percentile. A separate set of ratios was calculated for the future WRF simulation (2006-2099). 

These ratios were then applied to all values in each percentile of the historical and future WRF 

data, respectively. Note that this means that the adjustment applied to a specific precipitation 

amount (e.g., 5 mm/hr) may be different for the historical and future simulations. This is 

equivalent to assuming that the mechanisms governing precipitation are a function of the 

quantile in hourly precipitation as opposed to the total amount. Recent research supports this 

assumption (e.g., Warner et al. 2015), indicating that changes in storm thermodynamics (water 

vapor concentration) and not dynamics (e.g., strength or direction of winds) is the primary driver 

of increases in precipitation intensity. 

The Percentile-Delta method was chosen over other methods after extensive testing and 

evaluation of alternative approaches, applied to both daily and hourly precipitation. The results 

from these experiments revealed that biases in daily precipitation could be very different than 

projected changes in hourly precipitation, so that direct bias correction of hourly data was 

preferable to the bias correction of daily data and subsequent scaling to an hourly time step. In 

addition, projected changes in return intervals of hourly precipitation were best preserved when 

performing the Percentile-Delta method versus other methods including quantile-mapping, 

quantile-mapping with smoothed probability distributions, and applying just two Delta scaling: 

one for precipitation below the 99th percentile, and another for all precipitation above it. For all 

approaches, including the Percentile-Delta method, the degree of historical agreement with 

observations and consistency with raw model projections differed greatly by station location (e.g., 

wet or dry locations) and by the length of the observational record (e.g., shorter records 

sometimes showed worse results). 

6.3 Summary Statistics 

Precipitation totals and extreme statistics were calculated for four 30-year time periods: 1970-

1999 (“1980s”), 2020-2049 (“2030s”), 2040-2069 (“2050s”), and 2070-2099 (“2080s”). 

Although longer time periods might be desired to estimate extreme statistics, 30 years was 

deemed an appropriate compromise between longer periods, which may conflate long-term 

changes in flood risk with increased sampling of the extremes, and shorter time periods, which 

can limit the reliability of extremes estimates. 
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Since limited sample size can lead to errors in these either the multi-year averages or extremes 

statistics, these were only calculated if the following conditions were met: 

1. A minimum of 90% valid observations (< 10% missing values) to estimate the maximum 

or total for the water year or month in question. 

2. A minimum of 5 years of valid observations to compute the long-term average (e.g., of 

total water year precipitation). 

3. A minimum 10 years of valid observations to compute the 2-year extreme, and 25 years 

of valid data to compute the 5-, 10-, 25-, 50-, and 100-year extremes. 

These conditions were chosen as a compromise between ensuring that the estimates are robust 

and the desire to include as many observational records as feasible in the analysis. Caution is 

advised regarding the results for the 50- and 100-year events, for which a 25-year record will 

likely be too short to produce robust estimates. 

6.4 Extreme Value Analysis 

For many applications, the key metric is the change in the intensity of specific design storms. 

The raw and bias-corrected data were both processed to estimate exceedance values for both 

monthly and water year (Oct-Sep) extremes. These calculations followed the standard block-

maximum approach, fitted to an extreme distribution using l-moments (Hosking and Wallis 

2005).  

To calculate extreme statistics, the Extreme Value type 1 distribution described by Gumbel 

(EV1), the Log-Pearson type 3 (LP3), and the generalized Extreme Value (GEV) distribution 

with L-moments are commonly used. In this study we apply the GEV distribution with L-

moments to estimate extreme precipitation statistics – following the methodology described in 

Salathé et al. 2014 and Tohver et al. 2014 – based on findings that indicate it is superior to the 

LP3 distribution (Rahman et al. 1999 & 2015, Vogal et al. 1993, Nick et al. 2011). 

Calculations were applied to multiple precipitation durations ranging from 1 hour to 15 days, and 

the precipitation intensities estimated for following recurrence intervals: 2-, 5-, 10-, 25-, 50-, and 

100-year events (50%, 20%, 10%, 4%, 2%, and 1% annual chance of exceedance, respectively). 
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7 Results 

All results from this study are available online and can be accessed via the link below. A Google 

Map has also been created for identifying stations to facilitate navigation of the results directory. 

In addition, we have produced a series of summaries and visualizations that can be used to view 

the results. 

• Direct link to results: 

http://cses.washington.edu/picea/mauger/2017_12_KingCounty_Stormwater/DATA/pub  

• Google Map for locating stations: https://goo.gl/6rDsRH 

• Interactive visualizations for viewing results: https://doi.org/10.7915/CIG4QJ78R 

• Spreadsheet summarizing the projected changes for all durations for the 2030s, 2050s, 

and 2080s.  

The interactive visualizations include three separate viewers to allow users to view model biases 

relative to observations, view the percent changes for multiple recurrence intervals, and evaluate 

each of these for different precipitation durations. 

Results
Model & 
Scenario

Data 
Type

Rain 
Gauge 
Sites

Pub 
Folder

pub/

gauge 
name

OBS

rawWRF

ACCESS / 
RCP 4.5

hourly 
time series

hourly, 
precip>0

water year 
maxima

monthly 
maxima

statistics

GFDL /  
RCP 8.5

bcWRF...

...

gauge 
name

      Figure 4. Data structure for study results. 

http://cses.washington.edu/picea/mauger/2017_12_KingCounty_Stormwater/DATA/pub
https://goo.gl/6rDsRH
https://doi.org/10.7915/CIG4QJ78R
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7.1 Data Structure 

The organization of the online repository is shown in Figure 4. All files are comma-delimited 

(.csv), and all values are in millimeters (mm). There are five types of output files, with the 

following naming conventions: 

1. Hourly time series files. Time series including the full record of observational, raw, and 

bias-corrected hourly precipitation. For the WRF files these are split into historical 

(1970-2005) and future (2006-2099) files in order to accommodate the maximum number 

of rows allowed in Excel. Since the full 130-year hourly time series creates files that are 

too long for Excel, additional files are provided that separate the historical and future 

model simulations. 

File naming: 
<Network>_<ID>_<lat>_<long>_<raw/bcWRF>_<model>_<scenario>.csv 

<Network>_<ID>_<lat>_<long>_<raw/bcWRF>_<model>_<scenario>.1970-2005.csv 

<Network>_<ID>_<lat>_<long>_<raw/bcWRF>_<model>_<scenario>.2006-2099.csv 

2. Time series of non-zero precipitation. These are the same as the previous files, except 

that all zero values of precipitation are removed. For the WRF files, any precipitation 

value less than 0.001 inch (0.025 mm) were set to zero.  

File naming:  
<Network>_<ID>_<lat>_<long>_<raw/bcWRF>_<model>_<scenario>.non-zero.csv 

3. Water year maxima. Maximum precipitation for each water year (Oct-Sep), for 11 

different durations (1-, 2-, 3-, 6-, 12-, 24-, 48-, 72-, 120-, 240-, and 360-hour 

precipitation). These are used as the basis for the extremes calculations described in 

Section 6.4. 

File naming: 
 <Network>_<ID>_<lat>_<long>_<raw/bcWRF>_<model>_<scenario>.WYmax.csv 

4. Monthly maxima. Same as #3 except showing the maximum for each month.  

File naming: 
<Network>_<ID>_<lat>_<long>_<raw/bcWRF>_<model>_<scenario>.MOmax.csv 

5. Extreme Statistics. Extreme statistics, for historical and future time periods, for all return 

intervals and precipitation durations. Two files are included: one listing the absolute 

totals for each statistic, and another listing the percent change for three future time 

periods. 

File naming:  
<Network>_<ID>_<lat>_<long>_<raw/bcWRF>_<model>_<scenario>.stats-abs_vals.csv 

<Network>_<ID>_<lat>_<long>_<raw/bcWRF>_<model>_<scenario>.stats-pct_chg.csv 
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The observational data file naming is slightly different, since these are not based on a specific 

model. The file names for these are identical to those listed above, with the following exceptions: 

1) The observational data file includes the latitude and longitude of the rain gauge, whereas 

the WRF files list the position of the nearest model grid point. 

2) The WRF-specific suffix ‘<raw/bcWRF>_<model>_<scenario>’ is removed, since it does 

not apply to the observations.  

3) There is no percent change file for the statistics, since these files list future changes and 

are therefore not applicable to the observational record. 

7.2 Summary: Projected Changes in 1-hour Precipitation Extremes 

Projected changes in the 1-hour precipitation statistics are summarized in Table 3, for the 2080s 

(2070-2099) relative to 1970-1999. Projections for other precipitation durations and for the 

2030s (2020-2049) and 2050s (2040-2069) are included in a spreadsheet accompanying this 

report. Before summarizing the results, a number of points should be made about the 

interpretation of these projections: 

• Projected changes will always be governed by a combination of random variability and 

long-term trends due to climate change. This is particularly true for changes in extremes: 

Since by definition these events are rare, it is difficult to accurately assess how rapidly 

they will change. Although even the 2080s projections can be significantly influenced by 

natural variability, we recommend focusing on these late century projections since this is 

when the projected changes will be largest relative to natural variability. 

• The 50- and 100-year estimates are likely more prone to noise since they are estimated 

from a 30-year record (e.g., 1970-1999, 2070-2099). 

• Projected changes differ substantially for different precipitation durations. In general, 

changes appear to be largest for 1-hour precipitation and smallest for the longest 

durations. This is consistent with previous research projecting a change in atmospheric 

river events yet very little change in seasonal precipitation. 

• The two scenarios were selected based on an interpretation of the global model 

projections, which may not always be a good predictor of the results of the corresponding 

WRF simulations. Indeed, it is clear from Table 3 that the two scenarios do not even 

consistently correspond to their “Low” and “High” titles.  

• Similarly, the two scenarios are unlikely to bracket the full range of potential future 

outcomes. Instead, these should be viewed as two equally-likely future projections which 

should be accounted for in planning and design. Future work can provide additional WRF 

simulations, from which we could obtain a more robust estimate of the mean and range 

among projections. 
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• The WRF model used in this study has a spatial resolution of 12 km. This is not enough 

to explicitly resolve convective precipitation, such as thunderstorms. Although these are 

represented statistically by the model, researchers generally consider that a finer 

resolution is needed to accurately capture convective events. This means that the current 

projections should be viewed primarily as an estimate of the change in the intensity of 

large-scale heavy precipitation events such as atmospheric rivers.  

• In this study, extremes were estimated by fitting a GEV distribution with l-moments 

(Section 6.4). This approach will result in different estimates than the standard (e.g., 

Bulletin 17B, 1982) methods that are prescribed in certain applications. In most cases, 

these differences should be minor. However, we recommend repeating the calculations 

using the prescribed methodology to ensure consistent results and interpretation. 

Focusing on the 25-year event (4% annual chance of exceedance), results show a +1 to +28% 

increase in the water year extreme. Seasonally, the simulations show the largest increase for 

Table 3. Projected changes (%) in 1-hour precipitation statistics for the WRF grid point closest to the 

Silver Lake rain gauge, for the 2080s (2070-2099) relative to 1970-1999. Columns show the changes for 

both WRF scenarios for the full water year (Oct-Sep), as well as for winter (Dec-Feb), spring (Mar-May), 

summer (Jun-Aug), and fall (Sep-Dec). Rows show the projected change in the total accumulation for 

each time period as well as for the 2-, 5-, 10-, 25-, 50-, and 100-year events. 
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Total -1 4 -3 17 -1 19 -56 -39 14 4 

2-yr 26 26 21 20 22 21 -58 10 17 40 

5-yr 24 40 31 36 29 20 -54 18 16 44 

10-yr 25 50 37 56 34 16 -53 18 15 48 

25-yr 28 63 46 92 40 9 -52 15 14 56 

50-yr 31 73 53 130 44 2 -51 12 14 62 

100-yr 34 83 59 180 48 -5 -51 8 13 70 
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winter and a consistent and a substantial decrease in summer, with more modest increases for 

spring and fall. Although projected changes differ substantially among return intervals (2-yr 

event, 5-yr event, etc.), there is some consistency, especially in the projections for summer. As 

noted above, the simulations may not adequately capture changes in thunderstorm intensity – 

since this is an important source of heavy rainfall in summer, the current projections may not 

adequately represent expected changes in summer extremes.   
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From: Mel Schaefer [mailto:mgschaefer@mgsengr.com]  
Sent: Friday, November 04, 2011 2:52 PM 
To: Peterson, Jim; 'Drangsholt, Steven' 
Subject: Silver Lake TimeSeries

 

Jim and Steve:

 

Here are the two 5minute precipitation timeseries for the Silver Lake Gage (second email to follow
due to file size).  The files are condensed, that is zero precipitation values have been removed.  The
“raw” precipitation timeseries is essentially the data as recorded at the Silver Lake gage.  The
“Interim” precipitation timeseries is the rescaled version of the Silver Lake timeseries as described in
the Nov 3, 2011 memorandum.  The interim timeseries should be adequate for rainfallrunoff
modeling and making the first rough cut where a given portion of the sewer system can be
characterized as being clearly adequate, marginal, or clearly inadequate based on proposed service
levels. 

 

CHANGES TO BOTH TIMESERIES FILES

The missing period from Oct 1, 1987 through Nov 20, 1987 at the start of the 1988 wateryear has
been filled using data from the Haller Lake Gage (SPU).  This provides a startup period for rainfall
runoff modeling for the 1988 water year.   There is nothing noteworthy in this period in the way of
storms, so it won’t cause any distortion in the assessment of system service levels.    

 

Data with quality flags of “eh” (estimated hourly amount) were disaggregated to eliminate the
possibility of a large 5minute spike of runoff.  There were a few hourly values exceeding 1inch
originally allocated to a 5minute period.  For isolated small hourly amounts, less than 0.04inch, the
amount was allowed to be assigned to a 5minute interval.  Moderate amounts were randomly
smeared over the hour period and larger “eh” hourly precipitation amounts were disaggregated using
a temporal pattern from the Haller Lake gage.

 
RAW TIMESERIES FILES

The “Raw” file is essentially the observed record at Silver Lake formatted at a 5minute timestep, with
the adjustments described above.

 

INTERIM TIMESERIES

The “Interim” timeseries has been rescaled according to the procedures described in the Nov 3, 2011
memorandum.  The timeseries has precipitationfrequency characteristics in the durations from 5
minutes through 6hours that reasonably replicate the characteristics expected for the Everett
Metropolitan area.   Precipitation at the 24hour duration is about 10% above what would be expected
in the Everett area.   Sewer systems that are sensitive to runoff volume rather than peak flow may
show less capacity for larger storms than is actually the case.   The 10% greater precipitation
amounts in the longduration storms (24hours and greater) shouldn’t dramatically alter the decision
about placement in the 3 performance bins.   The timeseries does contain the Dec 2007 long
duration storm which is on the order of a 100year event and will likely cause problems for
components of the sewer system that are sensitive to runoff volume.    

 

PRECIPITATION TIMESERIES FOR FINAL ANAYSES

I will be working on development of 5minute precipitation timeseries using statistical scaling
procedures and the Silver Lake data.  The resultant precipitation timeseries will replicate the
precipitationfrequency characteristics expected in the Everett area for durations from 5minutes
through 72hours.  This timeseries will replace the “Interim” timeseries as soon as it is completed.

 

If you have any questions, just give me a call or send an email.

 

Mel

 

Mel Schaefer

MGS Engineering Consultants, Inc.

7326 Boston Harbor Road NE

Olympia, WA  98506

phone: (360) 5703450

fax:     (360) 5703451

 

 Message transféré  
From: "Peterson, Jim" <Jim.Peterson@hdrinc.com> 
To: Souheil Nasr <SNasr@everettwa.gov> 
Cc: "Bergstrom, Eric" <Eric.Bergstrom@hdrinc.com> 
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