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* Elevation generally increases
from north to south for PG&E’s
hydroelectric system.

Shaded Relief Map .
of California

Regional geology,
orographic/rain shadow
effects, and elevation are
essential when considering
climate change for California’s
mountain areas.

* Feather River exists mostly on
ancestral Sierra, mostly
metamotrphic and
topographically complex with a
few rain shadowed subbasins.

* Feather River cuts through the
Sierra Crest into Basin &
Range Geomorphic Provence
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March Runoff Divided by Water Year Runoff
Basins are Listed from North nr Oregon Border to South nr Bakersfield)

Pacific Gas and
J Electric Company.
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20%

18%
15%
13%

10%

Percentage of Water Year Unimpaired Runoff Change in the more recent (1977-2011)
of the two consecutive 35-Year Periods (1942-1976 & 1977-2011)

Klamath River @Orleans

Total FNF to Shasta Lake

Feather River @ Oroville Dam (FTO)
Yuba River @ Smartville

American River @ Folsom
Mokelumne River @ Pardee (MKM)
Stanislaus River @ Melones (SNS)
Tuolumne River @ La Grange (TLG)
Merced River Nr Merced (MRC)

San Joaquin River @ Friant (SJF)
Kings River @ Pine Flat (KGF)

Tule Rive Blw Success Dam (SCC)
Kern River Nr Bakersfield (KRB)

-10.6%
1.6%
4.5%
3.4%
0.5%
5.1%
7.4%
12.0%
16.9%
13.7%
16.6%
16.7%
17.2%

Trend North to South
Y =0.0238x - 0.1008
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San Joaquin River @
Friant (SJF)

Kings River @ Pine
Flat (KGF)

Tule Rive Blw
Success Dam (SCC)

Kern River Nr
Bakersfield (KRB)
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Pacific Glas and 3
Wit The North Fork Feather River
) * Complex topography located on the older ancestral metamorphic
S . Sierra blocklacks a clearly defined mountain crest compared with
1
:

: that which characterizes the Yuba river southward.

* The Feather River crosses the divide into the reladvely drv Basin
and Range geomorphic province.

= Both orographically influenced and rain shadowed subbasins exist
on the North Fork Feather River Watershed.

@/‘yoram shadowed subbasins exist on the North Fork Feather.

“ ’s system wide climate change wacking procedure clearly
__idendfied both the 491 Sq Mi Lake Almanor and the 1,025 Sq Mi
= EastBranch of North Fork Feather River (EBNFFR) as already
bein Wmdynmpacted from the impacts of climate change.
% Y B
dur racking procedure wacks the impact of climate change using.




"5 ake Almanor and EBNFFR
Climate Change Impacts

N

. |
. * The Lake Almanor and the EBNFFR Subbasins have the
following identified impacts:

— 1) snowpack decline — Lk Almanor, EBNFFR
— 2) warmer winter temperatures — Lk Almanor, EENFFR
— 3) declining outflow of springs (aguifer outlow)- Lk Almanor
= 4) declining aquifer storage — Lk Almanor
— 5) declining water year runoff — Lk Almanor, EBNFFR
qudechmng snowmelt runoff — Lk Almanor, EBNFFR
-7 tmn.ng slnft in spring runoff — Lk Almanor, EBNFFR

9) u gh ’buffenng capability — Lk Almanor

) rie d evapotranspiration — Lk Almanor, EBNFFR
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Orographic Cooling
Air Cools by Expansion

Compressional |
Heating on
Leeward Side

~ Orographic precipitation occurs on the windward side of
mou ms and is caused by the rising air motion of a
ﬂowof moist air across the mountain ridge




W Gk%ne,  Ccanyon Dam Averaged Daily Minimum Temperatures
only on days with Precipitation
Two Successive 34-Year Periods compared

- 1977-2010

—— 1943-1976I

29.6

=

27.0

|Wmme‘|0.4':'F |W.1|med 1.5°F | lW.mnetIZ}':'F | IWallned 24°F | Warmed 2.6°F | |W.1||ne(| 24°F leme«l 1.6°F I

e

LL
o
=
O
—
=5
-
©
—
Q
Q.
=
Q
-
IE
=
>
®
(]

Nov Dec Jan Feb Mar Apr May




for North Fork Feather River

m zf;i’{ffc'ﬁf,:;fny‘ Comparison of Number of Dry Water Years Equal to
r or Less than 1,200 TAF (Unimpaired Runoff)* Before and After 1975 for North Fk

12 Feather River @ Pulga 1935-2010: Ave WY Flow = 2,254 TAF

> 4
11 wy TAE

Period Average
1935-1975 2392.9
1976-2010 2091.3

Difference  301.6

Starting wi1976, 31% of the Years have
been at or less than 53% of the 1935-2010
long term Average (2,254 TAF)
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Not Conrected for Lake Almanor/Mtn Meadows Evaporation




Utilizing Recovery Factors based on the Caribou PH Precipitation Record,

ansIncrease in Evapotranspiration can be Approximated

Pacific G d .
W Clie,  East Branch of North Fork Feather River @ NF-51
Three Period Averages (20-yrs/Each)

840 4 T1952WY had missing data -not used

810 -
780 Assumes that there is No Net Change

750 - 734.7 in the Groundwater between Periods

720 -
690 -
660 -
630
600 -
570 -
540 -
510 -
480 -
450
420 -
390 -
360 -
330 A
300 A
270
240 -
210 A
180 -
150

120 -
el 72.6

§§ ] 0.0 //%

1950-1970** 1971-1990 1991-2010
Base Period

1
OWY Unimpaired Flow East Branch
Feather @ NF51
OIncreased Evapotranspiration Compared
with the 1950-1970 hase period

651.6
609.6

1,000's Acre Feet/WY

114.9




m b o . Water Year Runoff Recovery Factors (20-Yr Period Averages)
using Caribou PH Climate Station
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** 1952 has missing data and was not used




_____ ndi ns of I scent Climate Change

Relatively recent decline in July a:
temperatures.

Rain Shadowed areas tend to be
influenced mountain areas.

Decline in snowpack since mid-:

Decline in April through June/July ar
recent years. -

Decline in aquifer outfl
Warmer water tem

Increase in fire freg

Increase in precipi
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Mean Minimum Tem perature for California — Plumas County
12 month perod ending in August
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- blue dots: & year running mean
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1940

ENDING YEAR OF FERIOD

1950

1960

GJFreeman, PWRGEN O&M Water Management September 18, 2013

1970 1980 1990 2000 2010

12-Month Period Ending in August
AVERAGE 32.303

MEDIAN 32.138

MINIMUM 28.817

MAXIMUM 37.050

SKEWNESS 0.562

COEFF OF VAR 0.049

SIGMA (RMS) 32.345

NUMBER OBS 108.000

2020

Westmap




Westmap

Pacific Gas and
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GJFreeman, PWRGEN O&M Water Management September 18, 2013



July 2013 departure from 1971-2000 mean Mean Temperature
124°W 122°W 120°W 118°W 116°W 114°W
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Pacific Gas and
) Electric Company.

Ave January Min Monthly Temp in Degrees Fahrenheit

0

e Canyon Dam January Average Minimum
1thly Air Temperature in °F (3-Year Moving Average)

Pacific Gas and i K

Electric Company. Canyon Dam January Ave Minimum Monthly Air Temperature(”F)
Canyon Dam Climate Station Elev 4.560 feet Elev. (3-Year Moving Average)

29.0

28.5 -
28.0 { January Mean Minimum Temperature Trend

g;g 1 Increase has been +6.8 °F since 1960 (past 51Yrs)
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Canyon Dam (Lake Almanor) Upper North Fork Feather River Elev. 4,560

S Average of July & August (62-days) Daily Minimum Temperatures in °F

51.5 | mm@July &August Ave Monthly Minimum Temp
51.0 | —5-YrCentered Moving Ave RN
505 - Linear (July &August Ave Monthly Minimum Temp) : ook '

50.0 - : - 1945-2013 : B
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49.0 - | 2] 4
48.5 - 2 l (e _ | =] L
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43.5 Tk {]An approximate 5.5 OF rise in night|
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GJFreeman, PWRGEN O&M Water Management September 18, 2013
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,600 Feet

about 55% Decline in SWE

Trended Decline
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A Comparison of Water Year Precipitation in Inches for Four Tees (DWR) and
Canyon Dam (NWS) Climate Stations on the North Fork Feather River

1| ™= Four Trees Water Year (WY) Precip
| ==mCanyon Dam Water Year (WY) Precipitation
===7-Yr Moving Ave of Four Trees WY Totals
Four Trees 30-Year Water Year (WY) Average
====7-Yr Moving Ave of Canyon Dam WY Totals
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GJFreeman, PWRG ENO&M Water Mamagement October7, 2013




A Comparrison of Water Year Prre'cipitatioh in Inches for Four Tees (DWR) and
Bucks Lake (DWR) Climate Stations on the North Fork Feather River

C=3Four Trees Water Year (WY) Precipitation
CBucks Lake Water Year (WY) Precipitation =
Four Trees 30-Year Water Year (WY) Average =
===7-Yr Moving Ave of Four Trees WY Totals
==7.-Yr Moving Aveof Bucks Lake WY Totals
= = Bucks, Lake 30-Yr Water Year (WY) Average
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!! Pacific Gas and North Fork Feather River @ Pulga (USGS 11404500)

Electric Company. Monthly Average Unimpaired Inflows** as a Percentage of Average Water Year Flow
for Two Successive 39-Yr Periods (1936-1974 & 1975-2013) ; Basin Area: 1,953 mi?

18%

Period Average Water Year Flows*”
1936-1974 2,394.7 TAF

17% E1936-1974 (39-Yrs)

12%
11%

10%
9%
8%
7%
6%
5%
4%
3%
2%

Percent of 39-Yr Water Year Period

GJFreeman, PWRGEN O&M W ater Management October 25, 2013

N
©
= -
16% @1975-2013 (39-Yrs) T 1975-2013  2,102.0 TAF
50 i< == i -292.7 TAF or| (-12.2%) Loss
15% : for the more Recent Period
14% :
13% | S 5 = B

Jul

;"*Unimpaired Flow Data from PG&E's Operational Forecast Files; not corrected for lake Almanor or Mtn Mdws surface evaporation




m ?iﬁﬁﬁf"iy Lake Almanor Unimpaired Natural Flow & Canyon Dam Precipitation
o[y Electric Company. 30-Year Moving Average utilizing data starting 1922

692
688
684
680
676
672
668
664
660
656
652 Increased Evapo-
648 transpiration Likely
644

640

Taking Place

Py _
636 te....
632 1908 - 1931 northern
628 i California 24-Year dry period
624
QTRARRRDDDDD0ND ‘
616
612
608 B Canyon Dam Precipitation 30-yr Moving Ave

[=)]

1,000's Acre Feet
Inches of Precipitation

@ Lk Almanor WY Unimpaired Nat Flow 30-Yr Moving Ave
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1953
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Water Year
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Bucks, and Milk Ranch Conduit in 1,000's Acre feet

increase or decrease

Trend Line shows no
for 63-year period

Pacific Gas and
Electric Company .
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Pacilic Gas and -
H ! Electric Company. Lake Almanor, North Fork Feather River

August, September, and October Unimpaired Inflows (3-Year Moving Averages)

—T e
Beginning in 1925 the trend decrease is
approximately 33% in the August, September,
and October unimpaired inflow
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ontinued ]jecline in Late Summer and Fall Flows for East
Branch of the North Fork Feather River

Pacific Gas and .
m Etectric Company. East Branch of North Fork Feather River
Sum of August., September, and October Flows 1964-2010

50
48 46.7
46 I
44 1 416 | -32.7% Trended Loss |
42 - =
40
38 -
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34 -
32 -
30 -
28 4
26 2
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455 y=-0.1831x + 26.049
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November 1 through February 28(29) (70-Years)Unimpaired Flows ** in TAF for
Bucks Lake, Lwr Bucks Lake and Grizzly Creek @ Diversion to Bucks Creek PH

NOTE: Possibly the effect of Longer Term
CNovl-Feb 28(29) Flows Pacific Decadal Oscillation (PDO) and shorter
I Nov 1-Feb 28(29) flows--Centered 3-Year Moving Ave term El Nino Years reinforcing each other

= =+Poly. (Nov 1-Feb 28(29) flows--Centered 3-Year Moving Ave) during the two decades prior to the year 2000.
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~ 1980-2013 (34 Yes) March 1 Snow Water Contet/ Equivalet for
Eour Trees Snow Sensor (FOR) located at Elevation 5,150 feet above

Cresta Powerhouse in Canyon along HWY 70
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ElMarch 1 SWE inInches
—7-Yr Centered Moving Ave - March 1 SWE

26.4

GJFreeman, PWRGEN O&M Water Mamagement October 1, 2013




b

WL ey E;*:;{:fc%:;;;:,,,, Lake Almanor Subbasin’s Increasing Loss

. to Evapotranspiration in Recent Years

/..,» - The increasing loss to ev apotranspu'anon in recent yvears likely

' results from increased soil moisture demands.
1

- Aquifer outflow of the springs has declined in recent years likely
';:indicatin.g reduced opportunity for deeper aquifer recharge.

Iucteased heating of land surfaces and increased vegetation
d 2NS: ty may have both occurred. Leaf surfaces may be utilizing

’?.-«.

e water for ‘cooling’.

une ff now occurs with historically equivalent amounts of
precip ation or in other words the surface runoff to precipitation

.ake A ano:mte!shed may be drifting in characteristics
ic ""Mewbat "'_ the dner Basin and Rang

- .-
.,\



T
Pacific Gas and
WL Some Effects
| of Warmer Air Temperatures

If soil moisture is available, warmer temperatures are hikely to support
increased forest growth and therefore conifer density increases

Larger and more intense fires

If sufficient soil moisture is available, increased evapotranspiraton
‘helps support forest growth and leaf cooling

Changes in temperamres may lead to less oppormunity for
&seeding on the Lake Almanor Watershed

: ofhit Shasta and mcreased nve: ﬁow on




[ o
Pacific Gas and
H! Electric Company.
‘,\q Use of Historical Data to Reveal Trends

(continued)

B |

* Topographic complexity has the potential for some

relatively low elevation subbasins in northern California,

‘which are rainshadowed to produce climate warming

- 3-4 times that being observed on the west facing

- windward slopes of the Sierra typical of the central and
C uthem Sierra or even on the same basin for

orc grapmcalh influenced subbasins.

‘.g

m;; ome subbasins on the North Fork Feather River such as
"f‘ Bucks Lake-Grizzly subbasin and the Feather River
Canyon below Belden, which have strong orographic

'*fa’smatedrthh typlcal winter storms, show less
= in sprin f -; tunoﬁ' and little or no declme in water




Pacific Gas and

Electric Company. Conclusions

ok

v
“ *A

B
. hq * Both the Lake Almanor and EBNFFR are rain shadowed
~ | subbasins, which in addition to declining Apnl through
R | June Runoff have declining water year runoff.

‘ ‘ e . - .
| | * Average minimum January temperatures for these two rain

shadowed subbasins show a large increase compared with
| orographic influenced subbasins elsewhere on the North
l Fork Feather River and the Sierra subbasins in the central

;nd southern Sierra.

o

3 _ ncreased evapotranspiration appears to be the most likely
-~ T _:ason forless water year runoff and the decline in surface
)n mof necovery from water year precipitation.

|

on B LR
Lhe los ?)Q_f,ig er (groundwater) storage in recent years for
Lake Alman )p:e'ducee the watershed’s ability to buffer

' -‘.’:'73."’ .si'- 2o’ 8
e st short term (2-& ) back-to-back dry years.
%’ e e
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