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Figure A: Juanita Creek, in Kirkland WA, passing through an urban greenway.

5. Results and Conclusions

3. Historical Analysis - Methods

1. Abstract

!Estlmatlon of precipitation extremes Is Pr't'cal ’FO the design of stormwater The Regional frequency analysis, a technique adapted from the regional L-moments method of Hosking and Wallis Results are summarized as three key conclusions: s B s P e
Infrastructure. The standard approach iIs to estimate frequency i

o . : C (1997) was used to evaluate changes in rainfall extremes over the period 1956—2005 for a wide range of frequencies : : . :
distributions of precipitation extremes for given accumulation intervals, and 1. Historical precipitation extremes have generally increased over

: ) ) and durations. The precipitation frequency analysis analyzed the annual maximum series for aggregates of hourl : - :
to design stormwater structures to withstand these storms. We examine, Precip d Y y Y . . Jarey Y the last 50 years, particularly in the Puget Sound region and to a
precipitation ranging from one hour to ten days for the
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whether there is evidence of changes in the frequency distributions of . : : _ lesser extent in the Spokane region. Existing drainage infrastructure T o
. ) : : N . BUEAINE N three major urban areas in Washington State: the Puget : : : . .
precipitation extremes for three major metropolitan areas of Washington TX08 Sound. Vancouver. and Sookane regions. A frequenc designed using mid-20th century rainfall records may already be subject to a
- - - . : e : . . - - - - - -
State: Seattle, Vancouver, and Spokane. The historical analysis is based on — - TeuRcGron SANDPOINT_EXP_STN_ A it Lo 2 theptime o Ss s Al q y rainfall regime that differs from its design standard in these areas. For all but
hourly precipitation records for gauges surrounding the three metropolitan | PORTANGELES e sirecarzifien mesdime e & sat of SEiens s eaeh the shortest durations, however, precipitation extremes have declined in the e i |
- - - - \ Jf COEUR_DALENE . - o1 15 2 5 A0 304050 100 s 10m o 15 2 5 A0 3BA050 100 500 100
areas for the tlme perIOd 1956_2007. We analyze Changes Over thls perIOd \1 /ffd@jﬁgg HARRlNeiggK'IANNEWTTL_AP. ° region Data Originated from the National Climatic Data Vancouver reglon (See Flgure F and Table C for Summary reSUItS). Fma.ﬁnm;uMaxlmums&vnummmmT:t::ﬂLn:;ﬂmwa::mmnalﬂ.:pm.;e..nwng ation interval) Fn'lm:l.ﬁnm:uMa:-:lmumI.‘-.E'u'Dlmwm:fonr::ﬂlun:ar;umwa:;qmaﬂnnal.ﬂ.l'pnrtl:ﬁ--ﬂw-ﬁ-il ation Interval)
; I i i I I Y {"W/.:?if’f%;\g.SEATTLE_TACOMA_AF’ - o MMERSSEW ' N - - - : ; I I
thro_ugh compar |s_on_of estlma_t 2 frequenc;_/ d'Str'bUt'0n§ f_|ttepl 1D ELTLEL '\ o LIND_3_NE Center (NCDC) hourly precipitation archives. Stations The summarized results in Table C present the average of changes in design
maximum precipitation. Possible changes in future precipitation extremes OLYMPIA_AP®  MC_MILLIN RSVR . Y Precip A : : : :
are analvzed using two r.uns of the Weather Research and Forecast (WRF) = e e g S selected for the analysis are shown in Figure C and listed storm magnitudes across all recurrence intervals, which are generally of the | e ey o oy g g gy
6§ DWORSHAK_FISH_HAT . .7 i i i . . i . . SRS T O T S - 08 088 089 059 il Ol 03 05 0 ] I, - ]
o ionalyclimate r?mdel VAU Pty S 4 CLZNNT::Z:VJW - ° in Table A. The minimum requirement for inclusion was same magnitude of change seen in the 2-year events. Sample GEV distributions — —m
co%ditions tor the timé eric?ds 1970-2000 and 2020 2%50 Annual y O _COUGAR_4_SW ? a reported period of record of 40 years, with minimal (in Figure F) for the 5-day annual maxima indicate the variability of change N =
- - . : L d S - = - - - - - - - i .
maximum precipitation I;‘)rom the model output was analyzed for 1 hour to Y e . I g missing data. Annual maximum precipitation depths for within a single storm duration. Based on these spatially variable results, P P
- - - - - - - - - - . - 2 £
10 da durgtionsp for simulations in the Seat!tole area Whig/h were downscaled PORTLANDINTLAP© e sHam ©  Vancouver multiple durations were identified for each station and anticipating uniform responses in the patterns of future rainfall across all of g i
@ Spokane - - - - - - - - & £
and b)ilas corrected to be equivalent to point observations at Seattle-Tacoma coron” N combined into pools in order to calculate regional L- Washington State are unwarranted, and adaptations will need to be region- :
. . % P . e e %I“ff:‘a“a moment parameters (Hosking and Wallis 1997, Fowler specific.
International Airport. The downscaled and bias corrected hourly e e s 1 e 4 Kilsby 2003) Th H 3 Seattle-Tacoma Spokane Portland
. : : e oS regon and Kilsby ) These parameters were then used to q S |
precipitation sequences were used as input to the HSPF hydrologic model, fit data to Generalized Extreme Value (GEV 2 Periods 5 Periods 2 Periods 5 Periods 2 Periods 5 Periods S I R R
I I I I Figure C: Locations of the stations used in the regional frequency analysis. : ata to Leneralize Xtreme value ( ) Table C: Average Shm e pmﬁmumumumssummmmmmﬁ...:em:mm et (5. ation Interval
from which simulated annual maximum discharge for several urban g g quency analy o : (Avere S P —— : T
distributions and to generate regional growth curves. changes in design . . . .
- streams was analyzed for - menorted  #of Years  Samo 0ty bounds ab H distribut storm magnitude | 1-hour +7.2% +28.3% 1.0%  +32.4% +4.4% +39.9%
. . 0-0 eporte oT Years ampile
the tWO periOdS- BOth Region Station State IS Fp)el'lDd Removed SIF;E Unce.rtalnty O.ur1. S a c Ou:t '.t e GEV IS.trI l-’I'l:IC)r]S-Were tgr(f;n8igggajég(8“g 2_hour +100% +30.00/0 _52% +24.00/0 _53% +85% Wenexcesdance Prodabiity Morsxcpedance Presabiity
regional climate model A —— — — provided. Statistical significance for ditferences in the Perods”analysis) | 3.our H42%  +31.3% 10.3%  421.6% 6.6% 1% e B L U M SO—-Y S
- and 19561965 to o .
simulation run pairs show a Burlington WA 986  1949-2007 5 54 entire dIStrlbu“?n was fou_nd by _USI_n_g-the Wilcoxon 1996—2005 (“5 | 6-hour +12.7% +30.8% +0.7% +6.8% -8.2% -8.6% fop i —— jof | teretass
- . Centralia 1W WA 1277  1968-2007 3 37 rank sum test Wlth d tWO'SIded SlgnIfICanCe |€V€| Of 005 Periods™ 12-h +18 7% +37 3% +14. 9% +17 0% _5 20 -7.9% S
pr6d0m|nanCe Of INCIreases Everett WA 2675 1949-2007 4 55 - - analysis). our ’ 0 270 70 270 <70 v /e H o ra o
INn extreme precipitation, McMilin Reservoir WA 5224 1949-2007 14 45 P S;?J'rfltf'g:r'% 24-hour +24.7% +34.8% +6.9% +1.2% +1.9% +0.4% ; | L
Olympia AP WA 6114 1949-2007 8 51 h in | 2-da +22.3%  +31.1% +2.9% +0.7% -6.6% -9.6% : i
although there are Port Angeles WA 6624 1949-2007 13 46 ik at:§|:jr? ! j ’ i £l £ -
10-day +7.3% +10.2% -3.9% 13.1% -9.7% -5.1%
mOdels at the ?hOrteSt Spokane Couer d'Alene ID 1956  1949-2007 20 39 N e ; ; o o .
accumulation intervals. As m e e teeoonon L 2. Regional climate models project increases in precipitation ——" " e
5 - . . . . . Fitted Annual Maximum GEY Distriautions for Portland international Alrpest (8. gregatian Irterval) Fitted Annual Maximum GEV Distrioutions for Portland international Alrpoet (8. Day Aggregation Interval)
the magnitude of the Lind 3 NE WA 4679 19492007 5 54 extremes in the Puget Sound region but their predictions vary
rojected changes differs Plummer 3 WSW 1D 7188  1949-2007 12 47 I I I I Figure F: Changes in distributions at SeaTac, Spokane, and Portland for 5-day annual maxima. Results of the 2-interval
p bj iall bg h Pullman 2 NW WA 6789  1949-2007 6 53 SUbSta_nt!al Iy leferences bEtween the underlylng g|0ba| Cllma!:e mOdeIS’ and analysis are shown at left; results of the 5-interval analysis are shown at right.
substantially between the Sandpoint Exp Stn D 8137 1980-2007 5 43 uncertainties in the downscaled model results, suggest that precipitation changes
. s . two models, so do projected Spokane Intl AP WA 7938 1943-2007 0 59 through 2050 may be difficult to distinguish from natural variability for the period of Comparison of 28-Year 24-Hour Design Stonms
http://picasaweb.google.com/andy.ritchie/MeadowbrookFlood3December2007 h - ﬂOOd eakS ; ) . . . . . ) . Based on Observed and Modeled Data at SeaTac Airport
S srlelnigles DSl Vancower  Cofton OR 1735 1943-2007 > st analysis. Figure G, at right, indicates that despite both models projecting increases .
igure b. ornton Creek in seattie, ooding in 3 o 3 o
’ ’ couger 4 S VARGt O In 2020-2050 relative to their 1970-2000 results and relative to the observed 1970- ool e
oble — . . -
Gresham OR 3521  1949-2007 9 50 2000 record, the observed record for 1981 to 2005 is nearly as high as the largest B CCSM3-WRE
2. Intreduction and Background e ot : projection in 2020-2050.
- Portland Intl AP OR 6751  1949-2007 0 59 =t _ _ ) ] ] Comparison of
Sauvies Island OR 7572 1949-2007 1 58 Although the historical analyses suggest that the magnitude of future increases Is 25-year 24-
hour design

plausible (and, in fact, consistent with past trends), the differences between the two storms. based
model predictions are sufficiently large to carry potentially significant consequences for on observed

s
3
rainfall data at |
1.
years. Magnitudes of projected changes vary widely, however, ranging from 0 . .

Typically, urban stormwater infrastructure is designed to manage the
runoff from “design” rainfall events of specified duration (e.g., 24 hours)
and return period (e.g., 100 years), or from the projected discharge of a
particular flow recurrence (e.g.., the 25-year flood) without reference to
the precipitation that produced it. Historical management goals for -

Figure D: Google images showing Interstate 5 at Chehalis before the flood paired with stills from video

Table A: Stations used in the regional frequency analysis.
shot on December 4, 2007.
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) ] ] o and modeled
their use in the design of stormwater facilities. _
SeaTac airport.
3. Hydrologic modeling of two urban creeks in central Puget Sound,
driven by rainfall simulations from a regional climate model,

i i Two global climate models (Table B) simulated hourl ) ) :
urhan stormwater have emphasized safe conveyance, with more recent Legend 2 S U S t'( - )d 19702000 {I 2020 suggest overall increases in peak annual discharge over the next 50
attention also being given to the consequences of increased streamflows R precipitation data for the time perioas — an —
: : LAl : $ 2050. Simulations for both periods were bias-corrected and : : ) :
on the phyS|c_aI and biological |ntegr|t3_/ O_f d(_)wn_strean_w channels._ Future - At it P eradinig It' declines of 35% to increases of more than 80%, depending on recurrence interval 1956-1980 1981-2005 1970-2000 2020-2050
changes to climate that may alter precipitation intensity or duration ® stalistically downscal€d 1o a selected point. [ he resuiting : : : |
: _ T NIy Mg and choice of the underlying global climate model. Table D: Comparisons CCSM3-WRF ECHAMS-WRE
would likely have consequences for urban stormwater discharge, q y Precip P , , : of HSPF-simulated | Recurrence
: _ S I* - SeaTac hvdroloaical model to simulate urban runoff extremes Results of the hydrologic modeling (Table D and Figure H) on two urban prlsii g e | Biaswith | Peak Flow Sias wih T Peak Flow
particularly where stormwater detention and conveyance facilities were y g : : : : cereamlons at the hterva observed | Ouantiles | €hange | Suciiod | ouantiles | Change
_ : : | - . : watersheds in the central Puget Sound region affirm and extend both the broad _ (yrs) SHAMES | From SAMIES | From
d d und h | Iv. Th | and B Thormton Creek basin Bias Correction: Wood et al. described the framework that _ o _ ) R ) mouth of Juanita Creek, (1970- | 2020-2050 _ (1970- | 2020-2050 _
esigned under assumptions that no longer apply. The social an _ 1970-2000 1970-2000
- _ _ : o S A dt f the bi tion (BCSD). Eor thi trends and the substantial uncertainties evident in the precipitation simulations. as forced by bias- 2000) (cfs) 2000) (cfs)
economic ImpaCt Of InCreaSIHQ the CapaCIty Of Stormwater faCIIItIeS, or /1 was use O per orm e las correction ( ) or IS For the Iargest modeled Watersheds Simulations provide general agreement that CO;E)G(():i(Z)ed ddatZaOf;(; 12907506 2 8.8% 289 +24.9% 2.7% 255 +16.8%
- - - Lake Washingt i i I ) an -
the disabling of key assets because of more severe flooding, could be oo eemnaen analysis we focused on only one region of Washington State, szl caseraEs il Inereess, A el de rree o incresses (s 2e from each of the two - 5.9% 260 st | 29% o1 | 13.7%
substantial o the central Puget Sound region, and we bias-corrected the ! ! RCM runs. Biases - e 05 Py 13 - S350
’ eattle . . . 2 Indicated are wi ' /0 ' :
_ _ _ simulated data at the monthly level. The bias correction depending on the selected 24-Hour Annual Maximum Time Series for ECHAMS/A1B respect to HSPF- - 6.3% 451 26 80, 150 208 o
. . .. . . - 55 ; ; . . 0 . 00 . 1] . 0
This study thus addresses the following questions: procedure is based on probability mapping as described by recurrence interval, the watershed, — maximum streamfions 12.2% 4.4% 6.1%
o . L - - and the underlying GCM simulation) g —l as forced by observed >0 il 485 Farrh i 124 R
= What are the historic trends in precipitation extremes across Wilks (2006) . The monthly data for grid nodes were thus _ s forced by observed o o oo v
ity distributi are much too large on which to 5 fverage 297 20.1% 260
Washington State? corrected so that they had the same probability distributions d

predicate engineering designs. The
comparative simulation results are
even more confounding for the

4 / \
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as the observed data from Seatac airport, which was the same
data used in the historical analysis described above. (See

= \What are the projected trends In precipitation extremes over the next
50 years In the state’s urban areas?
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