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.Perspectlves on Flood Management in a
5Chang|ng Climate
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@ Historical Perspectives on CV Floods

® Causal Mechanisms of Historical Floods

® Grappling with a Changing Climate

® Climate Change and Future CV Flood Risks

® Adapting our Flood Planning and Flood Management



Historical Perspectives
on Central Valley Floods
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Size of Floods
1870 to 1900
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Jackson Plan
1910
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1997 Storm
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lESﬂ 1855 1860 1865 1870 1875 1880 1885 1890 1895 1900 1905 1910 1915 1920 1925 1930

Gold Dlmnwred (1848) : i
_% Hydraulic Mining underway HESﬁ]

0 Hydraulic Mining underway t’!asﬂp i

D) Major Flood (1862)

@ Major Flood

Flooding in
Downtown

© Major Flood (1881)
O Sawyer Dacision rendered (1884)
) Major Flood (1890)

uaéa?]

D california Debris Commission established (1893) |
! _\ Congress auihorlzes Yuba River debriz control works IlE‘?ﬁr

j, Ci:.-ngress reauthorizes Yuba River debris control wnrk_s tl?ﬂ?r

) Mn|nr Flood (1904)

O Major Flood (1907)
0 Major Flood (1909)

Hydroulic Mining

Cnngmss autharizes the Jackson Report EI9IO|

o ) Major Flood (1911)
i Thé State Reclamation Board isesiublis}'!ed (1917) O

Reclamation Board given control of “pre-project” levees on Central Valley Streams [1913) Q

| | :\, Debris Commission beairs dredging Stcramente River (1913)

Sac cramento ler Flood Cortrol Project authorized by Flnn-d Control Act of 1917
Sacramento Weir completed on the Socrlﬁnmanin River (1918) _ . i

; Fremont Wq:ir cm'lplq:md on the Sacramento River (1924)
iJ) Major Flood (1928)

Back to Text

POST FLOOD ASSESSMENT FOR

© All Basins 1083, 1986, 1095, and 1997

_% Sacramento River Basin _
<> San Joaquin River Basin Sororgaley Weir CENTRAL VALLEY

. FLOOD MANAGEMENT TIMELINE
[] Tulare Lake Basin i i i 1850 — 1930
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», Flood Management Timeline

1930 1935 1935

1940 1945 1950

\\ Mbulion Weir completed on the Sacramento River (1932) ;
A TiSdoIe Weir completed on the Sacramento Rivor (1932)
_\ Coluso Weir compleied on the Sacramento River: (l 933)

o Central Valley Pr0|ed ouihonzed (1933)

i Sacramento River drodgmg completed from Cache slough to mouth (1934) |

b

L

‘ Congress authorizes Narrows Dam for mining debris (1935)

! Moulton Weir
: Congress authorizes North Fork Dam for mining debris (1935)
'Yuba River debris control works compleled (1935)
' North F6d< Dam compleied on North Fork American Ri:ver (1936) North Fork Dom
; Narrows Dam comple’ed on the Yuba River (1941) :
A Flood Control Adt of 1944 osslgns duty of flood confrol ond navigation to Ihe U.S. Army Corps of Engmeers ; Narmows Dom

o Socromenb River ond M0|or & Minor Tributaries! Propd oufhonzed by Flood: Control Act of 1944

;,, Shasta Dam completed during war for interim oporofion (1945)
A Shasta Dam completed for full operation on the Sucrumonb River (1949)

0 Friant Dam completed on the San Jooquin River (1 949)

Friant Dom

© All Basins

4 Sacramento River Basin
<> San Joaquin River Basin
] Tulare Lake Basin

POST FLOOD ASSESSMENT FOR
1983, 1986, 1995, and 1997

FIGURE 2-1
CENTRAL VALLEY

1930 - 1950

FLOOD MANAGEMENT TIMELINE




*, Flood Management Timeline

1950 1955 1960 1945

|:I lsabello Dam complated on the Kern River (1953)
D Pine Flat Dam completed on the Kings River (1954)

A Cangress authorizes eonstruction of levee on narth bank of the American River (1954)

o Legislature authorizes levees, bypasses on the San Jooquin River above Merced River [1955)
©Q Maijor Flood (1955)

; Falsom Dom completed on the American River |1956)
o Construction initiated on Lower San leaguin River and Tributaries Project (1954)

; Leves on north bank American River completed (1958)

Folsom Dom
i) State Water Project authorized {1960
; Cangress authorizes Sacramente River Bank Protection Praject (1960)

; Sacramento River Flood Control Projed substantially eompleted (1961)
D Sugcess Dam completed on the Tule rivar (1961)

D Terminus Dam completed on the Koweah River (1961)
-_xﬁ Black Butte Dam completed on Stony Creek [1963)
Camanche Dam eompleted on the Mokelumne River (1943)

o Neéw Hegan Dam completed an the Calaveras River (1944)
i) Major Flood (1964)

New Hogon Dom
POST FLOOD ASSESSMENT FOR
O All Basins 1983, 1986, 1995, and 1997
A Sacramento River Basin S— FIGURE 2-1
- . m CENTRAL VALLEY
< San Joaquin Rw-er Basin FLOOD MANAGEMENT TIMELINE
1 Tulare Lake Basin 1950 — 1965




1965 1970 1975 1980 1985 1990 1995 2000

\ Portions of Sacmmento River cmd Major & Minor Tributaries Project r.ompleied (1 965)
o Mu|or Flood (1967) ‘ ‘ ‘
0 qu Exchequer Dam compleled on the Moroed Rlver ( 967)
_3 Oeovnlle Dam compleied on 1he Feuihea River (1968)
o lower San Joaquin River and Tnbuioncs Pr0|eci levees consiruded (1968)
Q9 Mu|or Flood (1 969) :

ih oY rbw Bullands Bar Dom completed on the Yuba River (1970)
o Don Pedro Dam compleied on the Tuolumne Rlver (1 970)
™ Maijor Flood (1 970)

0 Lower San ;louqum Rwer and Tribuicriés Project ;:omplehd (1972) 3
%, Maior Flood (1974)

; O Hidden Dam completed on the Fresno River (1975)
0 Buchancm Dam complehd on, ‘the Chowchllla Rwer (1975)
A Indnan Volley Dam complohd on Cocho Creek (1976)

New Melones Dam

o New Melones Dam compleied on the Stanislaus River (1978)
© Major Flood (1983)

@ Major Flood (1986)

2 Cache Creek Basin Project completed (1993)
o Redbank and Fancher Creeks Fmied (1993)

0 Mo.or Flood (1 995) ‘ ‘ ‘ POST FLOOD ASSESSMENT FOR
o All Basins i Sccromenb River Bonk Profechon Project complehd (1996) : 1983, 1986, 1995, and 1997
N . .
— Sacramento River Basin ; 3 ° Maijor Flood (1 997) : : : ‘ FIGURE 2-1
in Ri i 3 3 5 3 3 ‘ 5 CENTRAL VALLEY
£ S Jouin ki fctia © Maior Flood (1998) | i i FLOOD MANAGEMENT TIMELINE

_1 Tulare Lake Basin f ; : : : ; : : ; 1965 — Present




Major Causes o

Historical Central Valley
Floods
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Many Floods are Linked to Atmospheric River

Cent_ral CA
Atmospheric River >15 inches

rain
45°N

35°N

25°N

Source: California DWR/NOAA 2013



tmospheric February 16-18, 1986 Dec 30, 1996 - Jan 1, 1997
onditions : ' N
or 1986 and
997 Floods
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T6OW 150w 140N 130W 1208 11oW  100W 901 i 180 170W 160 150W 140K 130W 120W 110W 100W  9OW 60 SOW  40W

Al el

Winds

. i £ | 4
170W  160W 150w  140W  130W 120W 90w 8oW oW 50w 40w EO‘ﬂO 170W  160W 150W 140w 130W 120W 110W 100W  9OW
NOAA/ESRL Physical Sciences Division|

NORA/ESRL Physical Sciences Division

Precipitable
Water

i i : P :

160w 150w 140W 130w 1200 110W 100W 9(5‘1‘( sow T0W 60w SoW A0W

Columnar Precipitable Water kg/m*2 Composite Mean
e ves 2/iajas




Atmospheric River Landfalls

February 16-18, 1986 Dec 30, 1996 — Jan 1, 1997
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Climate Change and
Future Risks
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mportance of Incorporating Climate Chang

@ Current flood management
and flood risk analyses
depend on historical
estimates and statistics of
flood hydrology

® Flood management
infrastructure and policy
decisions will likely be tested
against climate variability and
change not experienced in
the past 100 years

@ Our systems need to be
resilient to accommodate a
range of hydroclimatic futures

DEGREES F

California Statewide

Mean Temperature Departure Oct-Sep

? n|||
lg'ua.- s




CVFPP Climate Change Approac ' ‘

® Linking atmospheric processes, precipitation and
temperature fields, and watershed conditions to inform
changes in flood risk

tmospreric River

Streamflow

Projected
Historical

S | P

momentum, latent and sensile heat fluxes _DOWhoTe o Sk
i, heat

Adjusted Unregulated Flow
Frequency Curves

Projected
/ i m

General Circulation
Model Risk Analysis and Flood Management

Planning

Probability



-Flevation is a Major Driver of Watershed Climate
" Sensitivity

Watershed characteristics influence
what has been observed

And the sensitivity of response to
climate change (primarily warming)

Sacramento watersheds have most of
the contributing area < 7,000 ft

San Joaquin watersheds have nearly
half of the contributing area > 7,000 ft

Percentage of Area Below Elevation
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——Sacramento River at Shasta Dam

«@=Feather River at Oroville
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/ ——American
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©@=(Calaveras River at New Hogan
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B e==Tuolumne River at New Don Pedro

===Merced River at Lake McClure

agmSan Joaquin River at Millerton Lake

=== [ings River - Pine Flat Dam
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:_._’_‘Projected Changes in Annual Temperature

e
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-__'}Projected Changes in Annual Precipiation
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| "'/:I‘?rojected Changes in Precipation

- ~Extremes

aop Y Projected Range in Annual Maximum 3-day Precipitation Change
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. SClimate Scenarios

.
-

T EEEE———
® Warming-only scenarios

—+1C,+2C,and+3C

— Approximating warming at early-, mid-, and late-century

@ CMIP5 ensemble median scenarios

— Changes in temperature and precipitation derived from nearly 200
individual GCM projections (GCMs x RCPs x # of runs)

— Single scenario reflecting the “median” change derived from these
projections

— Bias-corrected and statistically downscaled (BCSD) method
— Applied as change to historical climate

® CMIP5 LOCA scenarios

— 10 GCMis identified by the CCTAG as capturing dynamics important to
California

— 2 representative concentration pathways (RCPs)
— 20 projections utilized as direct future climate

= Servin : .
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: '-',"Approach for Computing Flow Frequency

S

-,-Changes

= : e

Historical Climate

2. Apply VIC model
with historical
precipitation and
temperatures.

» Producerouted ™
streamflows

4. Log Pearson Type 3

3. Compute annual curve fitting for
maximum annual maximum

streamflows for 1-, [ streamflows for 1-, 3-,

3-, 7-, and 15-day /-, and 15-day

; durations
durations \ 4

8. Compute scaling

1. Configuration of VIC
hydrologic model

5. Apply VIC model
with modified
precipitation and
temperature
representing future
climate change .
Produce routed
streamflows

B17B, PeakFQ

6. Compute annual
maximum

P streamflows for 1-,

3-, 7-, and 15-day
durations

7. Log Pearson Type 3
curve fitting for
annual maximum
streamflows for 1-, 3-,
7-, and 15-day
durations

factors by comparing
quantiles for
specified
probabilities

T

Future Climate
%‘g -
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= VIC Model Refined and Recalibrated for CV
. 3Floods

® Analysis Points
——— CVHS River Centerlines
|:] Hydroligic Regions
Flow Accumulation
Number of Cells
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Projected Change in 3-day Annual Maximum Unregulated Flow

(100-year Flow)
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'-}:I'?reliminary Phase 1IB Climate Sensitivity:

-,-10-Year, 3-Day Flood

Projected Change in 3-day Annual Maximum Unregulated Flow
(10-year Flow)
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Percent Change from Historical Flow (%)

100

-20

——Sacramento River at Shasta Dam SC
——Yuba River at Smartville SC

—— Mokelumne River at Pardee

== Stanislaus River at New Melones Dam SC
== erced River at Lake McClure SC

Projected Change in 3-Day Flood Volumes

a@wFeather River at Oroville SC
——American River at Folsom Dam SC
«=Qm=Calaveras River at New Hogan
===Tuolumne River at New Don Pedro SC
emSan Joaquin River at Millerton Lake SC

== [ings River - Pine Flat Dam SC

200-years

100-years 50-years 25-years 10-years 2-year
Return Period
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.Spatial Distribution of Unregulated Flow

I

-,-Changes (10-yr and 100-yr)
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:",'_‘Projected Changes in Flood Characteristics

) ® = ?:#M—‘-ﬁ“: )
2070-2099 R

] All Annual Events Annual Events > 66th percentile
Change in Change in Change in Change in
Annual 1- Annual 3- Annual 1- Annual 3-
Change in day days  Changein Changein day days Change in
Date of average average Flood Date of average average Flood
Peak Flow max flow maxflow Duration Peak Flow max flow maxflow Duration
(days) (%) (%) (days) (days) (%) (%) (days)
Sacramento River at Shasta Dam 11 30 32 -28 13 18 20 -14
Feather River at Oroville 1 51 54 -33 10 19 23 -5
Yuba River at Smartville -7 51 51 -23 3 23 25 1
American River at Folsom Dam -3 51 51 -25 9 21 24 0
Cosumnes River at Michigan Bar 4 29 29 -9 14 6 7 0
Mokelumne River at Pardee -25 52 45 -29 -5 24 22 -11
Calaveras River at New Hogan 5 26 26 -4 9 -2 -1 3
Stanislaus River at New Melones
ET)] -39 44 37 -26 -29 33 29 -11
Tuolumne River at New Don
Pedro -36 25 17 -15 -30 23 16 -5
| Merced River at Lake McClure -34 32 25 -20 -10 10 7 -6

San Joaquin River at Millerton -
Lake -41 15 8 -14 -40 18 11 -8



*.Preliminary Findings for Changes in Flood

- -Characteristics

OrT—
® Peak flows are projected to occur significantly earlier in the year
(on the order of 2-4 weeks by late century) in the San Joaquin
watersheds. This result is likely due to the reduction in
precipitation falling as snow, and a greater portion of the
watershed contributing to direct runoff. Peak flows may occur

later in the year in the Sacramento watersheds, but the trend is
weaker except at late century.

® Maximum annual 1-day and 3-day flows are projected to
increase for all watersheds evaluated. This observation suggests
that the increases in flood flows may be robust for durations up
to 5-7 days.

@ Storm durations are projected to decrease in all major
watersheds. The signal of shorter duration, but more intense
floods, is strongest in the San Joaquin, but is also observed for
most Sacramento watersheds.
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Translating Hydrologic Changes to Changes

Regulated
Hydrology
and
Hydraulics
(Peak Flow
and Stage)

Flood Risks

Legend

®  ndexPoints
[ mpactareaz
Levee Reach Performance Summary
Future Conditions Without Project
— 200
— 100 - 20047

e 25 - 1007
— 25T
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Planning Frameworks
for Climate Change
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Climate Change Science is also Evolving

@ Expand understanding of historic climate
conditions related to flood risk

@ Improve climate change analysis for the
most recent future climate projections
(CMIP5)

— Ensembles
— Individual projections (CCTAG scenarios)
— Downscaling (BCSD and LOCA)

® |Improve understanding and modeling of
hydrologic model at higher spatial
resolutions

@® Coordinate, review, and integrate
existing and on-going DWR-supported
climate science research

— Atmospheric River Study (510)
— Watershed Sensitivity Study (UCD)
— Central Valley Sensitivity Study (USACE)

CMIP3 CMIP5
Temperature Change (CMIP3) Temperature Change (CMIPS)
[ | -‘ n- | -

Precipitation Change (CMIP3) Precipitation Change (CMIPS)
- ¢ - |

[ I B
20 20
1

2084



CVFPP Phased Assessments:
* 5-Year Updates N ?
e 10-Year Technical “Resets” ” ?
5

2017 2022

2018 2020 2022 2024 2026 2028 2030 2032 2034 2036
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