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AHydrology
0 Precipitation
o Flow

AClimate Change Effects

AlLand Use

o Channel straightening and incision

0 Riparian zone clearing

0 Forest practices

o Urban runoff (increased impervious surface)



Precipitation and Flow
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Average Annual Precipitation

A80 inches average over the entire basin
(approximately 1% in the form of snow)

ARange from 46 to 50 inches in ldying valley areas
near Centralia and Chehalis

ATo more than 140 inches in thWillapaHills and
200 inches at some locations in the Olympics



Atmospheric Rivers

AAtmospheric Rivers are almost always the cause of
major flood eventsNliemanet al. 2011)

ABetween 1980 and 2009 Atmospheric Rivers
accounted for

0 46 of the 48 peak flow events studied in Western
Washington

o All 12 of the flood events studied in tli&atsopRiver
o All peak daily flows that exceeded a/&ar return

AHeavy precipitation results when moisture source
(atmospheric river) interacts with topography



100-year Precipitation Map
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Estimated Peak Flows at Grand

Mound Gage

Percent Chance

Exceedence Return Interval Flow (cfs)
0.2 500 100,300
0.5 200 85,200
1 100 74,700
2 50 64,900
4 25 55,800
10 10 44,600
20 5 36,500

50 2 25,600



Recent Historical Flood Events

AFebruary 1996 broadly distributed rainfall and
widespread flooding. Peak Flow at Grand Mound =
74,700cfs

ADecember 200¢ focused in Upper Chehalis and
Olympics, Skookumchuck flow reduced by dam.
Peak Flow at Grand Mound = 79,1616

AJanuary 2009 focused in Cascade tributaries and
lower Chehalis Basin, still had large contribution
from upper Chehalis Basin. Peak flow at Grand
Mound = 50,70@fs
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Recent Historical Flood Events

Relative Contributions from Upper Chehalis and
Cascade Tributaries for Top 10 Historical Flbods

Upper Chehalis Contribution
Average: 66%
Range: 58% to 85%

Cascade Tributaries Contribution
Average: 34%
Range: 15% to 42%

Based on USGS historical peaks and mean daily flows
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Relative Contribution of Flooding

- CHEHALIS RIVE SOUTH FORK SKOOKUMCHUCK
NEAR GRAND| CHEHALIS RIVER CHEHALIS RIVER ATNEWAUKUM RIVER RIVER NEAR BUCOI
MOUND, WA | NEARDOTY, WA BOISTFORT, WA | NEAR CHEHALIS, WA
(100year peak =[ (100year peak = (100-year peak = (100year peak = (100year peak =

Gage Name 75,000cfs) 35,000cfs) 15,200cfs) 14,400cfs) 12,900cfs)

Date Peak flow ¢f9) Peak flow (cfs) Peak flow (cfs) Peak flow (cfs) Peak flow (cfs)

04-Dec07 79,100 52,600 20,713 12,900 3,600

09-Feb96 74,800 28,900 9,542 13,300 11,300

10-Jan90 68,700 27,500 10,400 8,540

25-Nov-86 51,600 17,900 10,700 3,379

08-Jan09 50,700 20,100 11,664 13,000 10,500

21-Jan72 49,200 22,800 6,540 9,770 8,190

29-Dec37 48,400

25-Nov-90 48,000 20,600 10,300 8,400

21-Dee33 45,700

05-Dec75 44,800 17,400 6,593 8,020 6,110

26-Jan71 40,800 9,612 3,526 8,390 6,630
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Relative Contribution of Flooding

Peak flow at Gran{ From Upper From Cascade
Mound Gage Chehalis.2 Tribs .
Water Year Date DA = 43/Mmi DA = 400ni

2008 4-Dec07 79,100 85% 15%
1996 9-Feb96 74,800 67% 33%
1990 10-Jan90 68,700 12% 28%
1987 25-Now86 51,600 69% 31%
2009 8-Janr09 50,700 63% 37%
1972 21-Jan7?2 49,200 68% 32%
1938 29-Dec37 48,400

1991 25-Now90 48,000 66% 34%
1934 21-Dec33 45,700

1976 5-Dec75 44,800 69% 31%

1971 26-Jan71 40,800 53% 47%
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Climate Change and the
Chehalis River

Guillaume Mauger, S¥eun Lee, Christina Bandaragoda,

Yolande Serra, and Jason Won




Summary of CIG Study

AStorm dynamics (e.g., wind speeds) are not
projected to change, but ocean warming will bring
neavier precipitation

AFlooding is projected to increase

ALow flows are projected to decrease
AModels suggest drier conditions in summer

ANew methods have led to improved streamflow
estimates, but there remains a large spread among
models



Flooding:

Uncertainty Is Larger than Differences Among Tributaries

Projected Changs
2050s:

ChehalisR-atPorter
ChehalisRnrDoty
ChehalisR-nrGrandMoul
NewaukumR-nrChehalis
SatsopR-nrSatsop
SookumchuckR-biwBId|
SkookumchuckR-nrBucg
SkookumchuckRnrVail
WynoocheeR-abvBlack(
WynoocheeR-abv&veQ
WynoocheeR-nrGrisdalg
Average: All sites
Average: Key sites (*)

o I wetter

| SNF 3S F2NJ Fff &nr o=l

rier
CA, ROP 8.5

VIC
avg| min| max

100-year = +66%
10-year = +35%
2-year = +16%

Projected change for a high greenhouse gas scene
(RCP 8.5), for 2040 to 2099 relative to 1951 to 200

J
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Low Flows:

Projected to Decrease; Smaller Range

Projected Changsg s A ~ o 7 E;i,\- nIt;ettcf(i':\nge R
i | GSNI 38 F2NJ FEf &AGISE |y
:A,Rovsis\ml
x|  avg| min| max
10year = -6% B
NewaukumRrcheha 2-year :-14% df 2 u 10
SostmeuckR el S S
SkookumchuckR-nrBucd 2
SkookumchuckR-nrVail . . 2
Uamoocheh e Projected change for a high greenhouse gas scen
wneecrnarizit - (RCP 8.5or 2040 to 2069 relative to 1970 to 1999
verage: sites 1
Average: Key sites (*)
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Climate Change Effects on 108ar

Maximum Daily Flow

AFor worstcase conditions, 109ear flow on upper
Chehalis River (near Doty) Is estimated to increase
by 84% compared to historical flows (from 22,400
cfs to 40,400 cfs)

A100-year flow onNewaukumRiver is estimated to
Increase by 94% (from 12,400 cfs to 23,900 cfs)

AWhile percent increase is slightly higher on the
Newaukum the magnitude of flow increase is
greater on the Chehalis River
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Land Use




Changes in Land Use that Affect

Hydrology and Hydraulics

AChannel straightening and incision
ARiparian zone clearing
AForest practices

ALand use activities such as increased impervious
surfaces, loss of vegetation, and development Iin
the floodplain




Floodplain storage

The Chehalis watershed has lost much of its natural
flood storage



