From: Richard Marshall

To: Thaler, Parker@Waterboards; Wr401program

Cc: ray haupt; Elizabeth Nielsen; trickard@hughes.net; skinkade@siskiyoudailynews.com
Subject: SCWUA Response CA WB 401

Date: Monday, July 23, 2018 7:06:43 AM

Attachments: WB401CertDraftComm.pdf

Attached is the response of Siskiyou County Water Users to the DRAFT submittal prepared by the
Water Board, to legitimize the destruction of the Klamath Hydro Electric facilities. This ill-conceived
and unsupported project must stop.

It is against Federal Laws and is a potential boondoggle of immense proportions. It flies in the face
of good science and most importantly is against the expressed will of the people most impacted by
this potential biological disaster.
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July 23, 2018

Parker Thaler

Ms. Michelle Siebal
California Water Board
1001 | Street
Sacramento, CA. 95814

Re: REPLY SISKIYOU COUNTY WATER USERS ASSOC.
State Water Board 401 DRAFT Water Quality Certification

The Siskiyou County Water Users Board of Directors hereby submits their review, analysis, and
attachments relative to our response to the proposal by the California Water Board of
conditions relative to the destruction of four Hydro-electric generation facilities and resultant
release of contaminated sediment laden waters into the Klamath River, a federally designated
“wWild and Scenic and Recreational River”. Not only will the destruction of these facilities
cause widespread contamination of the Klamath but will result in a potential long term
extirpation of numerous endangered aquatic species besides the Salmon which are claimed to
be benefited by the proposed destruction. We have suggested previously as has the County of
Siskiyou and other groups that before destruction of the clean energy producing hydro facilities
that “truck and haul”, a viable and inexpensive process be conducted to physically demonstrate
the likelihood of the claimed production capability beyond the Hydro facilities. There has never
been a scientific analysis which supports the creation of additional viable habitat beyond
Moonshine Falls area.

We represent Siskiyou County citizens who indicated by voting nearly 80%, their desire to keep
the Klamath Dams in place. | would hasten to add that a recent vote in Klamath County,
Oregon, produced approximately the same result. Our concern which should be the concern
of all citizens and agencies in California and Oregon is that once the hydro facilities are lost
there will be no ability to return. Before such a step is taken and what will be a irretrievable
condition resulting therefrom i.e. extirpation of numerous endangered species, loss of water
storage for fires, loss of control of instream flow, loss of view, loss of recreational opportunities,
loss of a valuable hatchery, loss of property values, and loss of lake fishing opportunities
amongst other beneficial qualities. It should be noted for example that the long nose and
short nose sucker fish which are considered an endangered species and are a cultural value to
the Klamath Tribe are planned to be nearly exterminated according to the ODEQ study (JC
Boyle Dam). They report that the sucker fish population will be reduced by 90%. We also know
that a very fragile and unique fresh water trout will be eliminated by the loss of their current
habitat at the edge of Copco |, Il and Iron Gate.





CEQA vs NEPA

Our first issue with the project proposal is that this proposed project requiring an
environmental study is not properly done by using CEQA. The Klamath River is a federally
designated “Wild and Scenic River” and also qualifies under the navigable river federal
waterway. The project as proposed impacts two states, Oregon and California. This alone
demands that an environmental analysis concerning the destruction of the hydroelectric and
associated storage capabilities; the destruction of environmental protected fish species not the
least of which includes the Coho Salmon and the Green Sturgeon; as well as the short and long
nosed suckerfish; and much of the aquatic life in the river system; together with the pollution
of the riverine system by toxic sediment demands that the EIR/ EIS be done under NEPA rules
and prepared by the US Commerce Department and the Department of Interior.

Furthermore, one can’t study just part of the Klamath River system in California especially when
it comes to sediments and pollution. One must look to the headwater source of the Klamath in
Oregon. The production of nitrogen and microcystin which is wrongly attributed to the
presence of the hydroelectric facilities occurs naturally and by way of the byproduct of farming
operations and particularly the bird life in the Oregon side of the River system. The studies
done previously by the Bureau of Reclamation make this point very clear. Among others they
concluded that the pollution problems could be substantially reduced or even eliminated by the
installation at Keno Dam of a water quality treatment facility. Within this same study the
removal of the hydro facilities and storage capability will dramatically impact the ability to
modulate the river flow especially in low water times. The BOR estimates that replacing this in
stream flow capability may cost upwards of Eight Billion dollars. This would require the
placement of significant water storage facilities in the upper Klamath Basin.

Therefore we object strenuously to the proposed actions which absent a thorough analysis of
the Pacific Decadal Oscillation (Exhibit A), as well as all seven reaches of the Klamath cannot
determine the full impact of the effort to remove the hydroelectric facilities. The study should
further include an examination of the impact of the destruction of the facilities will have on the
economic well- being of the counties which are impacted. For example there will be an
immediate destruction of property values particularly at Copco Lake where owners have
already experienced a loss in value.

Finally in this section we raise an objection to the State of California spending tax payer dollars
to benefit a private 501 (3) c non- profit corporation the KRRC which although filed as a
California Corporation came out of New York. It is bad enough that we have been forced to pay
an electric surcharge to remove the hydro facilities for many years now against our will and
best interest for Siskiyou County. Either KRRC or PacifiCorp should be paying for the studies to
be submitted to the State for review, analysis and potential approval. The KRRC has not been
recognized by either the FERC or the CPUC to carry out the proposed activity. In fact the FERC
raised an objection to the KRRC both filing simultaneously the license transfer from PacifiCorp
to KRRC and filing to terminate the license and remove the hydro power facilities.





Before going into detail we would like to point out that right at the beginning of the Draft
report in section 1.0 your author has misstated an important point that the project has been
split into two elements by FERC. Our understanding is that shortly after the request was
submitted and FERC proposed the split it was countered by PacifiCorp and their subordinate
KRRC. Therefore the project is still under on license and has not yet been split into two.

Secondly we have not seen any public hearings with the Siskiyou County Water and Flood
Control who by statute have control over all waters in Siskiyou County including surface and
subterranean waters.

Early History Klamath River

The earliest history of the Klamath River argues against the concept that removing the dams
will somehow create more water or more Salmon. Instead the recorded information from
eyewitness accounts shows that the Klamath River has historically evidenced cyclical periods of
high and low water and an inability to provide enough water for Salmon in the late summer
months. In addition it is well established fact that the River is impacted by algae blooms along
with little water. We have included in the attached documents a letter dated January 27, 2017
from Glen Briggs, a retired engineer from the US Bureau of Reclamation, whose family has lived
on the Klamath for generations. This letter is attached as Exhibit B.

Amended KHSA

On April 6, 2016 after the resounding failure of the previous KBRA and KHSA agreements, which
had been pursued for many years by the Department of Interior, State of California, State of
Oregon and numerous agencies and NGO’S, and rejection by Congress, despite numerous
attempts by the environmental arms of California and Oregon reconstructed the previously
failed KHSA calling it the amended KHSA. This is the underpinning of your organizations efforts
to legitimatize the effort to destroy the hydroelectric facilities. It is our opinion that this
document is illegal as the Governor of California had no legislative authority to bind the State in
a potentially super fund project without the benefit of appropriate studies and deliberations by
the State Legislature. In short Governor Brown had no authority to enter into an abortive
attempt to create a Federal Interstate Compact.

Klamath Bi State Compact

The Klamath Basin is governed by the 1957 Compact between the States of California, Oregon
and the Federal Government. This governing doctrine is referred to as “the law of the River”. It
is a Federal Statute enacted by both legislatures of Oregon and California and codified by the
US Congress by Statute enacted on August 30, 1957 (71 Stat. 497). This document arrived after
many years of negotiation between the States and their representatives set forth the process
for prioritization of beneficial uses of the Klamath River including the hydropower element
which was negotiated at the time by COPCO the predecessor to PacifiCorp. The negotiating
team included officials from both Oregon and California and the Federal government. The





Compact is still in effect and is still the “law of the River”. This magnificently versatile
agreement arrived at by earnest and artful negotiations over five years included a right to
60,000 acre feet of water to be taken from behind Iron Gate Dam and 200,000 acre feet from
behind Keno Dam for the Butte Valley area. Amongst those at the table were members of the
Siskiyou County Board of Supervisors under the guidance of Senator Collier. It also resulted in
the development of the very successful fish hatchery at Iron Gate which draws cold water to
stimulate the development of SIX MILLION FINGERLINGS (6,000,000) per year to keep the
Salmon population well stocked. This process if the dams were destroyed would go with them.
There will be no way to make up the difference.

Siskiyou County Flood Control and Water Conservation District

A unique piece of legislation flowed from the adoption of the Compact to the benefit of
Siskiyou County. Through the legislative process in California Assemblywoman Pauline Davis
authored AB 1592 which was further codified under the California Water Code as Section 89-1.
This unique piece of legislation blessed the County of Siskiyou with special water rights to
govern all waters of Siskiyou County including subterranean and surface water excluding the
water controlled by the upper basin federal project. This was intended to insure that Siskiyou
County would be the master of its own fate to provide for development of hydropower and
water usage to benefit industry, agriculture and domestic. Again we would postulate that this
unique water right conferred on the County of Siskiyou by the State of California trumps the
efforts of the Water Board. These were “quid pro quo” for the County’s spearheading the
effort to develop the Federal Interstate Klamath Compact.

Sanctions

Although the 401 Report by WB states the parameters of the different rules which they expect
KRRC to follow there are no sanctions for failure to comply. Who we ask will pay the bills for
damages done after the fact? Biological damages from dam removal as well as ongoing water
quality problems are a most likely scenario yet there really is no provision to cover these costs.
The insurance provided by KRRC mostly covers them. An example of potential damage
includes besides those mentioned above a potential diminution in land values in Siskiyou
County alone of perhaps ONE BILLION dollars. This is really not acceptable stewardship by the
State by leaving unprotected the County of Siskiyou as well as other Counties both in California
and Oregon. There is no evidence that removing the dams is anything other than a political
event that will not benefit the Salmon or any other aquatic organisms or any other dependent
animals that depend on the river for their needs. The Water Board needs to obey the Federal
Laws relative to the Klamath and take into consideration as well the citizens who will be directly
impacted by dam removal.





Conclusion

We reiterate our concerns over the legitimacy of the Report by the Water Board firstly because
the notice period was exceedingly short and begs the question of the intent of the board in
giving such short notice to the group most impacted by the potential destruction of the hydro
facilities i.e. Siskiyou County in which three of the four facilities to be destroyed are located and
which has the greatest river frontage to be impacted by the release of contaminated sediment
and opening up the prospect of flooding and resultant damage. Secondly, we object to the use
of state funding to conduct the EIR/EIS for the benefit of a private company, the KRRC, which is
not even recognized by either the FERC or by the CPUC. The KRRC has no demonstrated
capability to manage such a huge undertaking and they have no significant funding. Thirdly, we
believe that the Governor of the State of California had no authority to enter into the Amended
KHSA as it had never been reviewed or approved by the Legislature and by signing the
agreement he has put the State of California and the citizens of Siskiyou County at great risk
and peril. Fourthly, the Water Board planned action violates at least three Federal laws (NEPA,
Federal Interstate Compact, Article 1 Sec. 10 Clause 3 of the US Constitution, and Endangered
Species Act). Fifth, the proposed objectives of the project under the KRRC are physically and
scientifically unattainable. Sixth, most importantly the existing Interstate Federal Compact has
not been dealt with by Congress and therefore remains the law of the river.

We will look forward to the next step in the process and would request by submission of this
letter that our voice be heard and that the Water Board subject itself to a public hearing
conducted by the County of Siskiyou and surrounding counties.

Sincerely yours
The Board of Directors
Siskiyou County Water Users

Richard Marshall
President





EXHIBIT A

EXHIBIT B

EXHIBITS ATTACHED

STUDY PUBLISHED BY DR. NATHAN MANTUA, “PACIFIC INTERDECADAL

CLIMATE OSCILLATION WITH IMPACT ON SALMON PRODUCTION”
(published by Bulletin of American Meteorological Society Vol 78, No. 6
1997)

LETTER DATED JAN 27, 2017 FROM GLEN BRIGGS, CE (Eyewitness

accounts re the Klamath River conditions from 1860).





A Pacific Interdecadal Climate
Oscillation with Impacts
on Salmon Production’

Nathan J. Mantua,* Steven R. Hare, Yuan Zhang,*

John M. Wallace,* and Robert C. Francis@
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ABSTRACT

Evidence gleaned from the instrumental record of climate data identifies a robust, recurring pattern of ocean—atmosphere
climate variability centered over the midlatitude North Pacific basin. Over the past century, the amplitude of this climate
pattern has varied irregularly at interannual-to-interdecadal timescales. There is evidence of reversals in the prevailing po-
larity of the oscillation occurring around 1925, 1947, and 1977; the last two reversals correspond to dramatic shifts in
salmon production regimes in the North Pacific Ocean. This climate pattern also affects coastal sea and continental surface
air temperatures, as well as streamflow in major west coast river systems, from Alaska to California.

September 1915 (Pacific Fisherman 1915)

Never before have the Bristol Bay [Alaska]
salmon packers returned to port after the
season’s operations so early.

The spring [chinook salmon] fishing season on
the Columbia River [Washington and Oregon]
closed at noon on August 25, and proved to be
one of the best for some years.

1939 Yearbook (Pacific Fisherman 1939)

The Bristol Bay [Alaska] Red [sockeye salmon]
run was regarded as the greatest in history.

*JISAO Contribution Number 379.

*Joint Institute for the Study of the Atmosphere and Oceans,
University of Washington, Seattle, Washington.

*International Pacific Halibut Commission, University of Wash-
ington, Seattle, Washington.

@Fisheries Research Institute, University of Washington, Seattle,
Washington.

Corresponding author address: Nathan Mantua, Joint Institute for
the Study of the Atmosphere and Oceans, University of Washing-
ton, Box 354235, Seattle, WA 98195-4235.

E-mail: mantua@atmos.washington.edu.

In final form 6 January 1997.

Bulletin of the American Meteorological Society

The [May, June and July chinook] catch this
year is one of the lowest in the history of the
Columbia [Washington and Oregon].

August/September 1972 (National Fisherman 1972)
Bristol Bay [Alaska] salmon run a disaster.

Gillnetters in the Lower Columbia [Washing-
ton and Oregon] received an unexpected bo-
nus when the largest run of spring chinook
since counting began in 1938 entered the
river.

1995 Yearbook (Pacific Fishing 1995)

Alaska set a new record for its salmon harvest
in 1994, breaking the record set the year be-

fore.

Columbia [Washington and Oregon] spring
chinook fishery shut down; west coast troll
coho fishing banned.

1. Introduction

Pacific salmon production has a rich history of
confounding expectations. For much of the past

1069





two decades, salmon fishers in Alaska have pros-
pered while those in the Pacific Northwest have
suffered. Yet, in the 1960s and early 1970s, their
fortunes were essentially reversed. Could this pat-
tern of alternating fishery production extremes be
connected to climate changes in the Pacific basin?

In this article we present a synthesis of results
derived from the analyses of climate records and
data describing biological aspects of variability in
the large marine ecosystems of the northeast Pa-
cific Ocean. Our goal is to highlight the widespread
connections between interdecadal climate fluctua-
tions and ecological variability in and around the
North Pacific basin.

A considerable body of literature has been de-
voted to the discussion of persistent widespread
changes in Pacific basin climate that took place in
the late 1970s (Namias 1978; Trenberth 1990;
Ebbesmeyer et al. 1991; Graham 1994; Trenberth
and Hurrell 1994). Several studies have also docu-
mented interdecadal climate fluctuations in the
Pacific basin, of which the changes that took place
in the late 1970s are but a single realization
(Ebbesmeyer et al. 1989; Francis and Hare 1994
and Hare and Francis 1995, hereafter FH-HF; Latif
and Barnett 1994, 1996; Ware 1995; Hare 1996;
Zhang 1996; Zhang et al. 1997, hereafter ZWB).

Widespread ecological changes related to
interdecadal climate variations in the Pacific have
also been noted. Dramatic shifts in an array of
marine and terrestrial ecological variables in west-
ern North America coincided with the changes in
the state of the physical environment in the late
1970s (Venrick et al. 1987; Ebbesmeyer et al.
1991; Brodeur and Ware 1992; Roemmich and
McGowan 1995; Francis et al. 1997). Rapid
changes in the production levels of major Alaskan
commercial fish stocks have been connected to
interdecadal climate variability in the northeast
Pacific (Beamish and Boullion 1993; Hollowed and
Wooster 1992; FH-HF), and similar climate—
salmon production relationships have been ob-
served for some salmon populations in Washing-
ton, Oregon, and California (Francis and Sibley
1991; J. Anderson 1996, personal communication).

Our results add support to those of previous stud-
ies suggesting that the climatic regime shift of the
late 1970s is not unique in the century-long instru-
mental climate record, nor in the record of North
Pacific salmon production. In fact, we find that sig-
natures of a recurring pattern of interdecadal cli-
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mate variability are widespread and detectable in
a variety of Pacific basin climate and ecological
systems. This climate pattern, hereafter referred to
as the Pacific (inter) Decadal Oscillation, or PDO
(following coauthor S.R.H.’s suggestion), is a pan-
Pacific phenomenon that also includes interdecadal
climate variability in the tropical Pacific.

2. Data and methodology

We analyze a wide collection of historical records
of Pacific basin climate and selected commercial
salmon landings. Specifically, this study examines
records of (i) tropical and Northern Hemisphere
extratropical sea surface temperature (SST) and sea
level pressure (SLP); (ii) wintertime North Ameri-
can land surface air temperatures and precipitation;
(iii) wintertime Northern Hemisphere 500-mb
height fields; (iv) SST along the west coast of North
America; (v) selected streamflow records from
western North America; and (vi) salmon landings
from Alaska, Washington, Oregon, and California.

Monthly mean SST data for the period of record
1900-93 were obtained from an updated version
of the quality-controlled U.K. Meteorological Of-
fice Historical SST Dataset (HSSTD) provided by
the Climatic Research Unit, University of East
Anglia (Folland and Parker 1990, 1995). These
data are on a 5° lat x 5° long grid. The monthly
mean, 1° lat x 1° long gridded data of the Optimally
Interpolated SST (OISST, Reynolds and Smith
1995) are averaged into 5° boxes and used to ex-
tend the HSSTD through the January 1994-May
1996 period of record. We also use 2° lat x 2° long
Comprehensive Ocean—Atmosphere Data Set
(COADS, Fletcher et al. 1983) SST for the period
of record 1900-92 in the construction of Fig. 2.

Monthly mean SLP data were obtained from two
sources: first, 5° lat x 5° long gridded fields from
the Data Support Section/Computing Facility at the
National Center for Atmospheric Research (NCAR)
for the period of record 1900-May 1996 (Trenberth
and Paolino 1980); and second, 2° lat X 2° long
gridded surface marine observations from COADS
for the period of record 1900-92, which are used
to construct the station-based Southern Oscillation
Index (SOI) shown in Fig. 1 and the SLP map in
Fig. 2.

For the period of record 1900-92, the COADS-
based SOI used here was constructed following
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FiG. 1. Normalized winter mean (November—March) time
histories of Pacific climate indices. Dotted vertical lines are drawn
to mark the PDO polarity reversal times in 1925, 1947, and 1977.
Positive (negative) values of the NPPI correspond to years with a
deepened (weakened) Aleutian low. The negative SOI is plotted so
that it is in phase with the tropical SST variability captured by the
CTIL Positive value bars are black, negative are gray.

ZWB. The Tahiti pole is defined as the average SLP
anomaly from 20°N to 20°S latitude from the in-
ternational date line to the coast of South and Cen-
tral America, while the Darwin pole is defined as
the average SLP anomaly over the remainder of the
global tropical oceans within the same range of
latitudes. Missing SOI values for the period of
record 1913-20 and 1993-May 1996, were esti-
mated from a linear regression with the traditional
Tahiti-Darwin SOI based on the common period
of record 1933-90, obtained from the National
Oceanic and Atmospheric Administration/National
Centers for Environmental Prediction (NOAA/
NCEP) Climate Prediction Center. For an early
description of the Southern Oscillation the reader
is referred to Walker and Bliss (1932).

Gridded, global, land surface air temperature and
precipitation anomalies for the period of record
1900-92, based on station data, were obtained from
the Carbon Dioxide Information Analysis Center
in Oak Ridge, Tennessee. The air temperature data
are provided as monthly anomalies on a 5° lat
% 10° long grid, over land only (Jones et al. 1985).
We used “cold-season” means (November—March)
for Fig. 3a. The precipitation anomalies are pro-
vided as (3 month) seasonal mean anomalies on a
4° lat x 5° long grid, over land only (Eischeid et al.
1991). We used the December—February seasonal
mean anomalies in constructing Fig. 3b.

Bulletin of the American Meteorological Society

(a) SST and SLP regressed on the PDO index

Fic. 2. COADS SST (color shaded) and SLP (contoured)
regressed upon (a) the PDO index and (b) the CTT for the period of
record 1900-92. Contour interval is 1 mb, with additional contours
drawn for +/-0.25 and 0.50 mb. Positive (negative) contours are
dashed (solid).

Gridded, Northern Hemisphere 500-mb height
fields were obtained from NMC (National Meteo-
rological Center, now NCEP) operational analysis
fields, as described by Kushnir and Wallace (1989).
November through March mean anomalies were
used in constructing Fig. 4.

Monthly mean streamflow records for the Kenai
River at Cooper’s Landing, Alaska; the Skeena
River at Usk, British Columbia, Canada and the
Fraser River at Hope, British Columbia, Canada;
and the Columbia River at The Dalles, Oregon,
were obtained from the National Water Data Ex-
change, which is part of the United States Geologi-
cal Survey (USGS). The monthly records were used
to generate annual water year (October—September)
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flow indices for each stream. The time series la-
belled BC/Columbia Streamflow in Fig. 5 is a com-
posite of the normalized Skeena, Fraser, and Co-
lumbia river water year streamflow anomalies.

Coastal SST time series for British Columbia sta-
tions were obtained from the Institute of Ocean
Sciences in Sidney, British Columbia, Canada. The
time series for coastal BC SST shown in Fig. 5 is a
composite of eight individual time series from the
following coastal observing stations: Amphitrite
Point, Departure Bay, Race Rocks, Langara Island,
Kains Island, MclInnes Island, Entrance Island, and
Pine Island. We use a composite index in an attempt
to emphasize regional-scale nearshore SST vari-
ability over the finescale variability that exists in
that topographically diverse region.

Monthly mean values for Scripps Pier SST were
obtained from the Scripps Institution of Oceanog-

(a) Nov—Mar surface air temperature

raphy in La Jolla, California. Scripps Pier SST vari-
ability is well correlated with that along the Alta and
Baja California coastline (J. McGowan 1996, per-
sonal communication).

Coastal Gulf of Alaska cold season air tempera-
tures were obtained from the National Climate Data
Center. The November—March mean Gulf of
Alaska air temperatures shown in Fig. 5 are a com-
posite of Kodiak, King Salmon, and Cold Bay,
Alaska, station records.

Prior to compositing, each individual SST,
streamflow, and air temperature time series was nor-
malized with respect to the 1947-95 period of
record, a period for which data are available for all
the time series used in the construction of Fig. 5.
The mean for the available period of record was
then removed from the composite time series be-
fore plotting in Fig. 5.

Alaska salmon landings for the
period of record 1925-91 were pro-
vided by the Alaska Department of

Fish and Game (1991). Catch data
for 1992 through 1995 were ob-
tained from Pacific Fishing maga-
zine (1994, 1995). We focus on the
catch records of sockeye salmon in
western and central Alaska, and that
of pink salmon in central and south-
east Alaska (shown in Fig. 6). These
four regional stocks account for

80w
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(b) Dec~Feb precipitation correlations

; about 75% of Alaska’s annual
40" gsalmon catch. The period of record
from 1920 through the 1930s rep-
resents a “fishing-up” period while
the industry was experiencing rapid
growth. Subsequent to the late

with the PDO index (x100): 19001992
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1930s, fisheries for these stocks
have been fully developed, and the
catch records are good indicators of
stock abundance (Beamish and
Bouillon 1993; FH-HF).
Additionally, the record of
chinook salmon catch from the Co-
lumbia River for the period of record
1938-93 and coho landings from
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F16. 3. Maps of PDO regression and correlation coefficients: (a) November—March
surface air temperature regressed upon the PDO index shown in Fig. 1; contour interval
is 0.2°C. (b) Correlation coefficients (x 100) between December—February precipitation
and the PDO index shown in Fig. 1; contour interval is 10. Positive (negative) contours

are solid (dashed).
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: Washington—Oregon—California
o (WOC) for the period of record 1925—
93 are also shown. These records
were obtained from the Washington
Department of Fisheries (WDF), the
Oregon Department of Fish and
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Fic. 4. Wintertime Northern Hemisphere 500-mb heights
regressed upon the PDO index for the period of record 1951-90.
Contour interval is 5 m, positive (negative) contours are solid
(dashed).

Wildlife (ODFW), and the California Department
of Fish and Game (WDF and ODFW 1992).

Parallel EOF/PC analyses of the monthly SST and
SLP anomaly fields, carried out independently by
two of the present authors, were based on the tem-
poral covariance matrix from the 1900-93 period
of record. For SST, we used the covariance matrix
created from monthly HSSTD anomalies poleward
of 20°N in the Pacific basin (Zhang 1996). For SLP,
we used the covariance matrix created from
monthly NCAR SLP anomalies poleward of 20°N
and between 110°E and 110°W (Hare 1996). The
resulting November—March mean PCs were nor-
malized prior to plotting in Fig. 1. The leading PC
for SLP in the North Pacific sector is labelled NPPI,
while that for SST is labelled PDO.

3. Characteristics of the PDO

Of particular interest to this study is the fact that,
since at least the 1920s, interdecadal fluctuations
in the dominant pattern of North Pacific SLP (NPPI)
have closely paralleled those in the leading North
Pacific SST pattern (PDO) (Fig. 1; Zhang 1996;
ZWB; Latif and Barnett 1996). It is this coherent,
interdecadal timescale ocean—atmosphere covari-
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ability that we see as the essence of the PDO cli-
mate signature. For convenience, throughout the
remainder of this report we refer to the time his-
tory of the leading eigenvector of North Pacific SST
as an index for the state of the PDO.

Also shown in Fig. 1 are the SOI and the Cold
Tongue Index (CTI, which is the average SST
anomaly from 6°N to 6°S, 180° to 90°W), indices
commonly used to monitor the atmospheric and
oceanic aspects of ENSO, respectively. The SOI
and CTI are correlated with the PDO (see Table 1)
such that warm- (cold-) phase ENSO-like condi-
tions tend to coincide with the years of positive
(negative) polarity in the PDO. Interestingly, fluc-
tuations in the CTI are mostly interannual, while
those in the PDO are predominantly interdecadal
(ZWB).

Interdecadal and interannual timescales are both
apparent in the indices of atmospheric variability
at low and high northern latitudes over the Pacific.
The NPPI and SOI are correlated such that the mean
wintertime Aleutian Low tends to be more (less)
intense during winters with weakened (intensified)
easterly winds near the equator in the Pacific.

Correlations between the atmospheric and oce-
anic climate indices shown in Fig. 1 within respec-
tive high- and low-latitude ranges are relatively
strong. The NPPI is moderately well correlated with
that of the extratropical SST, while at tropical lati-
tudes the SOI and CTI are very well correlated (see
Table 1).

By regressing the records of wintertime SST and
SLP upon the PDO index, the spatial patterns typi-
cally associated with a positive unit standard de-
viation of the PDO are generated (Fig. 2a). The
largest PDO-related SST anomalies are found in the

TasLE 1. Correlation coefficients for the Pacific basin climate
indices, shown in Fig. 1, for the period of record 1900-92.
Correlation coefficients have been adjusted to reflect the effective
degrees of freedom, as a function of autocorrelation, in each time
series.

PDO NPPI so1 CTI
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Shown in Fig. 2b are the SST and
SLP fields regressed upon the CTI,
thus this map shows anomalies typi-
cally associated with a unit standard
deviation ENSO index. Comparing
Fig. 2a with Fig. 2b, it is evident that
the tropical PDO-spatial signatures are
in many ways reminiscent of canoni-
cal warm-phase ENSO SST and SLP
anomalies (Rasmussen and Carpenter
1982). However, the PDO amplitudes
in the tropical fields are weaker than
those obtained by regressing the sur-
face fields upon the CTI. Likewise, the
PDO-regression amplitudes in the
Northern Hemisphere extratropics are
stronger than those obtained from re-
gressions upon the CTI (ZWB).

To establish the significance and
consistency of polarity reversals in
time—referred to by some authors as
regime shifts—FH-HF and Hare
(1996) utilized a technique known as
. intervention analysis (Box and Tiao

1900 1920 1940 1960 1980

Fic. 5. Selected regional climate time series with PDO signatures. Dotted vertical
lines are drawn to mark the PDO polarity reversal times in 1925, 1947, and 1977.
Bars are shaded as in Fig. 1, with the shading convention reversed for the BC/

Washington streamflow index.

central North Pacific Ocean, where a large pool of
cooler than average surface water has been cen-
tered for much of the past 20 yr. The peak ampli-
tude of the SST regression coefficients in the cold
pool are on the order of —0.5°C. The narrow belt
of warmer than average SST that, in the past two
decades, has prevailed in the nearshore waters
along the west coast of the Americas is also a dis-
tinctive feature of this pattern. Note also that the
Southern Hemisphere midlatitude SST signature is
very similar to that in the northern extratropics. The
SLP anomalies that are typical of the positive PDO
are characterized by basin-scale negative anoma-
lies between 20° and 60°N. The peak amplitude of
the midlatitude wintertime SLP signature is about
4 mb, which represents an intensification of the
climatological mean Aleutian low. This SLP pat-
tern is very similar to the dominant pattern of win-
tertime North Pacific SLP variability. It is notewor-
thy that there are no strong PDO signatures in the
Atlantic or Indian Ocean SST and SLP fields.
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2000 1975), which is an extension of
Autoregressive Integrated Moving
Average (ARIMA) modeling (Box
and Jenkins 1976). We applied this
analysis to each of the time series
shown in Fig. 1. Intervention analy-
sis is essentially a two sample ¢ test that can be ap-
plied to autocorrelated data, which is a common
feature of environmental time series. While inter-
ventions can take many forms, we tested only step
interventions. The implicit model, therefore, for
each variable is a sequence of abruptly shifting
levels, accounting for a significant portion of the
total variance, around which occurs residual vari-
ability, either random or autocorrelated.'

"'We followed the standard three-step process in fitting the inter-
vention models. First we identify a model. For all time series, the
initial model consisted of five parameters: Three interventions, a
lag-1 autoregressive term and a constant. The three interventions
(phase reversals) we used were 1925, 1947, and 1977. The timing
of the interventions was derived independently in earlier studies by
several of the authors in this study (FH-HF; ZWB). In the second
step, parameters are estimated for significance. If any parameters
are statistically insignificant, the least significant is dropped and the
remaining parameters reestimated. This sequence is repeated as
necessary. The model is then accepted if the final step, a white noise
test for model residuals, is passed.
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FIG. 6. Selected Pacific salmon catch records with PDO signatures. For Alaska catch,
black (gray) bars denote values that are greater (less) than the long-term median. The shading
convention is reversed for WOC coho and Columbia River spring chinook catch. Dotted
vertical lines are drawn in each panel to mark the PDO polarity reversal times in 1925,
1947, and 1977. At the top, the PDO index is repeated from Fig. 1.

The statistical significance of the intervention
model parameters are shown in Table 2. Excluding
the CTI, polarity reversals in 1977 are supported in
each of the time series shown in Fig. 1. Additional
sign reversals in 1925 and 1947 are supported by the
PDO and NPPI time series but not for the SOI or CTL.

The implications of this statistical exercise are
as follows. We have identified an interdecadal cli-
mate signal that is evident in the oceanic and at-
mospheric climate record. We attribute these sig-
natures to the PDO. During this century, using the
North Pacific SST pattern time series as the indica-
tor of polarity, the PDO was predominantly posi-
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1980

tive between 1925 and 1946,
negative between 1947 and 1976,
and positive since 1977. Note that
these multidecade epochs contain
intervals of up to a few years in
length in which the polarity of the
PDO is reversed e.g., the positive
PDO values in 1958-61, and the
strongly negative PDO values in
1989-91).

4. Coastal and
continental signatures
of the PDO

The signature of the PDO is
clearly evident in the wintertime
surface climate record for much
of North America but not for that
of the other continents. The stron-
gest coefficients of wintertime air
temperature regressed upon the
PDO index are located in north-
western North America (Fig. 3a;
cf. Latif and Barnett 1994, Fig.
5b), with local maxima of oppos-
ing centers over south central
Alaska—western Canada and the
southeastern United States. The
PDO is positively correlated? with
wintertime precipitation along the
coast of the central Gulf of Alaska
and over northern Mexico and
south Florida, and negatively cor-
related with that over much of
the interior of North America and
over the Hawaiian Islands.

The continental PDO surface climate signatures
are consistent with PDO-related circulation anoma-
lies on the hemispheric scale. The Pacific—North
America (PNA) (Wallace and Gutzler 1981) pat-

.
2000

2To highlight the regional patterns of the PDO Dec—Feb precipita-
tion signal over the North American continent, the correlation map
is shown instead of the regression map. The regression coefficients
are skewed toward extreme values in the Pacific Northwest and
central Gulf of Alaska. Typical precipitation anomalies for a unit
standard deviation positive PDO are about +20 to +30 mm for the
central Gulf of Alaska, —20 to —30 mm for western Washington
state, =40 mm for the Hawaiian Islands, +5 mm over northern
Mexico, and —10 mm over the Great Lakes.
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TaBLE 2. P values for tests of step-changes in the mean level of
the Pacific basin climate indices shown in Fig. 1. The four time
periods tested for changes in the mean level were 190024, 1925—
46, 1947-76, 1977-96. P-values greater than 0.05 are labeled “ns”
(not significant).

Climate Intercept 1925step 1947 step 1977 step
Index

PDO ns 0.001 0.000 0.000
NPPI 0005 0001 0000 0000
SOI | .ns né né 0.001 |

tern emerges when the cold season (November—
March) 500-mb height fields are regressed upon the
PDO index for the period of record 1951-90
(Fig. 4). This relationship suggests that during ep-
ochs in which the PDO is in its positive polarity,
coastal central Alaska tends to experience an en-
hanced cyclonic (counterclockwise) flow of warm,
moist air, which is consistent with heavier than
normal precipitation. Washington state and British
Columbia also tend to be subject to an increased
flow of relatively warm humid air, but in their case
it is within an area of enhanced anticyclonic circu-
lation that is dynamically unfavorable for heavier
than normal precipitation.

In an analysis of springtime (1 April) snowcourse
data for the western United States, Cayan (1996)
finds that the leading eigenvector of snowpack
variability, what he calls the Idaho pattern, is cen-
tered in the Pacific Northwest. Cayan’s time series
for the Idaho pattern has tracked our PDO index
since at least 1935 (when his data begins). This
pattern of snowpack variability is consistent with
the PDO-related wintertime air temperature and
precipition patterns shown in Fig. 3: relatively warm
(cool) winter air temperatures and anomalously low
(high) precipitation during positive (negative) PDO
years contribute to reduced (enhanced) snowpack
in the Pacific Northwest. Furthermore, Cayan’s
composite wintertime 700-mb height fields for the
extreme years reveal that variability in the Idaho
snowpack pattern is largely controlled by PNA cir-
culation anomalies (cf. Cayan’s Figs. 3 and 6 with
our Figs. 3b and 4).

We used the PDO correlation and regression
maps (Figs. 2 and 3) as guides to search for the local
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and regional instrumental records of PDO-driven
climate variability shown in Fig. 5. Wintertime sur-
face air temperature along the Gulf of Alaska, and
SST near the coast from Alaska to southern Cali-
fornia, varies in phase with the PDO. During posi-
tive PDO years the annual water year discharge in
the Skeena, Fraser, and Columbia Rivers is on av-
erage 8%, 8%, and 14% lower, respectively, than
that during negative PDO years. In contrast, posi-
tive-PDO-year discharge from the Kenai River in
the central Gulf of Alaska region is on average
about 18% higher than that during the negative
polarity PDO years. Cayan and Peterson (1989)
also noted that this dipole pattern in west coast
streamflow fluctuations is related to the favored
pattern of SLP variability in the North Pacific.

5.The PDO and salmon production in
the northeast Pacific

Commercial fisheries for Alaskan pink and
sockeye salmon are among the most lucrative in
the United States (U.S. Department of Commerce
1994, 1995). The unique life history of salmon,
which begins and ends in freshwater streams and
involves an extensive period of feeding in the ocean
pasture, makes them vulnerable to a variety of en-
vironmental changes. A growing body of evidence
suggests that many populations of Pacific salmon
are strongly influenced by marine climate variabil-
ity (Pearcy 1992; Beamish and Bouillon 1993; FH-
HF; Beamish et al. 1995; Francis et al. 1997).

A remarkable characteristic of Alaskan salmon
abundance over the past half-century has been the
large fluctuations at interdecadal timescales that
resemble those of the PDO (Fig. 6, see also Table
3) (FH-HF; Hare 1996). Time series for WOC
coho and Columbia River spring chinook landings
tend to be out of phase with the PDO index (Fig.
6), though the correspondence is less compelling
than that with Alaskan salmon. The weaker con-
nections between the WOC and Columbia River
salmon populations and the PDO may be a result
of differing environmental-biological interactions.
On the other hand, climatic influences on salmon
in their southern ranges may also be masked or
overwhelmed by anthropogenic impacts: Alaskan
stocks are predominantly wild spawners in pristine
watersheds, while the WOC coho and Columbia
River spring chinook are mostly of hatchery ori-
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gin and originate in watersheds that have been sig-
nificantly altered by human activities.

The best-fit interventions for the Alaskan sock-
eye stocks occur 2 and 3 yr after those identified
in the PDO history, while the best-fit interventions
for the Alaskan pink salmon stocks occur 1 yr fol-
lowing the climate shifts (FH-HF). It is believed that
sockeye and pink salmon abundances are most sig-
nificantly impacted by marine climate variability
early in the ocean phases of their life cycles (Hare
1996). If this is true, the key biophysical interac-
tions are likely taking place in the nearshore ma-
rine and estuarine environments where juvenile
salmon are generally found.

Recent work suggests that the marine ecologi-
cal response to the PDO-related environmental
changes starts with phytoplankton and zooplank-
ton at the base of the food chain and works its way
up to top-level predators like salmon (Venrick et al.
1987; FH-HF; Roemmich and McGowan 1995; Hare
1996; Brodeur et al. 1996; Francis et al. 1997). This
“bottom-up” enhancement of overall productivity
appears to be closely related to upper-ocean
changes that are characteristic of the positive polar-
ity of the PDO. For example, some phytoplankton—
zooplankton population dynamics models are sen-
sitive to specified upper-ocean mixed-layer depths
and temperatures. For the decade following the
1960-76 period of record, such models have suc-
cessfully simulated aspects of the observed in-
creases in Gulf of Alaska productivity as a response
to an observed 20%-30% shoaling and 0.5° to 1°C
warming of the mixed layer (Polovina et al. 1995).

To the extent that high streamflows favor high
survival of juvenile salmon, PDO-related stream-
flow variations are likely working in concert with

TaLE 3. Percent change in mean catches of four Alaskan salmon
stocks following major PDO polarity changes in 1947 and 1977.
Mean catch levels were estimated from intervention models fitted
to the data and incorporating a 1-yr lag for both pink salmon stocks,
a 2-yr lag for western sockeye, and a 3-yr lag for central sockeye.

Salmon stock 1947 step 1977 step
Western AK sockeye -37.2% +242.2%
 Central AK sockeye  —33.3% | +220.4%
Central AK pink -38.3% +251.9%
Southeast AK pink  ~64.4% +208.7%
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the changes to the near-shore marine environment
in regard to impacts on salmon production. For
Alaskan salmon, the typical positive PDO year
brings enhanced streamflows and nearshore ocean
mixed-layer conditions favorable to high biologi-
cal productivity. Generally speaking, the converse
appears to be true for Pacific Northwest salmon.

6. Discussion

Our synthesis of climate and fishery data from
the North Pacific sector highlights the existence of
a very large-scale, interdecadal, coherent pattern
of environmental and biotic changes. It has recently
come to our attention that Minobe (1997) has com-
piled a complementary study of North Pacific cli-
mate variability that includes SST indices from the
coastal Japan and Indian Ocean—Maritime Conti-
nent regions. Especially relevant to our work is the
fact that Minobe used instrumental records to in-
dependently identify the same dates we promote
for climatic regime shifts (1925, 1947, and 1977).
Also intriguing is Minobe’s analysis of (tree ring)
reconstructed continental surface temperatures that
suggest PDO-like climate variability has a charac-
teristic recurrance interval of 50—70 yr and that
these fluctuations are evident throughout the past
3 centuries.

It is clear from a visual inspection of the time
series shown in Figs. 1, 5, and 6 that not all changes
in our PDO index are indicative of interdecadal
regime shifts that are equally apparent in the other
indices. The difficulties inherent in real-time as-
sessment of the state of the PDO are illustrated by
the recent period of record: Alaskan salmon catches
and coastal SSTs have remained above average
since the late 1970s, while, in contrast, the PDO
index dipped well below average from 1989-91
and has hovered around normal since this time.
Without the benefit of hindsight it is virtually im-
possible to characterize such periods and to rec-
ognize long-lived regime shifts at the time they
occur.

The ENSO and PDO climate patterns are clearly
related, both spatially and temporally, to the extent
that the PDO may be viewed as ENSO-like
interdecadal climate variability (Tanimoto et al.
1993; ZWB). While it may be tempting to interpret
interdecadal climatic shifts as responses to in-
dividual (tropical) ENSO events, it seems equally
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conceivable that the state of the interdecadal
PDO constrains the envelope of interannual ENSO
variability.

To our knowledge, there are no documented
robust relationships between Pacific salmon abun-
dance and indices of ENSO. The slowly varying
time series of salmon catches examined in this study
are much more coherent with the interdecadal as-
pects of the PDO than the higher frequency fluc-
tuations in tropical ENSO indices. In the future it
seems very likely that the PDO will continue to
change polarity every few decades, as it has over
the past century, and with it the abundance of Alas-
kan salmon and other species sensitive to environ-
mental conditions in the North Pacific and adjacent
coastal waters.

This climatic regime—driven model of salmon
production has broad implications for fishery man-
agement (Hare 1996; Adkison et al. 1996). The
most critical implication concerns periods of low
productivity, such as currently experienced by
WOC salmon. Management goals, such as the cur-
rent legislative mandate to double Washington
State salmon production® (Salmon 2000 Technical
Report 1992), may simply not be attainable when
environmental conditions are unfavorable. Con-
versely, in a period of climatically favored high
productivity, managers might be well advised to
exercise caution in claiming credit for a situation
that may be beyond their control.
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January 27,2017

State Water Resources Control Board
Division of Water Rights

/
Water Quality Certification Program _ EX U')Ql a\ % L

Attention: Mr. Parker Thaler o

P.0O. Box 2000
Sacramento, Ca. 95812-2000

Dear Mr Thaler:

This letter is in response to the request for comments contained in your “NOTICE OF
PREPARATION AND SCOPING AND MEETINGS FOR AN ENVIRONMENTAL IMPACT
REPORT FOR THE LOWER KLAMATH PROJECT LICENSE SURRENDER”

First, as to the long-term changes to the water temperature regime, | feel there is an
abundance of available evidence to show that removal of the dams and return to an
uncontrolled river through the reach included in the study would be an
environmental disaster for the downstream river for at least the next 100 miles
below which, incoming fresh water from clean, cold tributaries moderate the
condition,

During late summer through fall to early winter, particularly during dry periods,
water reaching the location of this project from above is, and will continue to be,
extremely warm and contaminated as a natural condition created by the large
shallow lake from which it derives and from whatever inflow happens to make it’s
way to the Klamath from the bird sanctuaries. This condition is commented on by
George Gibbs on page 39 of “GEGRGE GIBBS JOUNAL OF REDICK McKEE'S
EXPEDITION THROUGH NORTHWESTERN CALIFORNIA IN 1851” published by %:he
ARCHEOLOGICAL RESEARCH FACILITY , Department of Anthropology, University o
California, Berkley, 1972 and available on-line. On September of that year while
describing the Trinity River, Mr. Gibbs writes “Itis in size about half that of the
Klamath, likewise rapid, are of transcendent purity; cm‘a‘a&mg with those of the
latter stream which never lose the taint of their origin.” This must be taken in light
of the fact that waters leaving the upper basin has already been diluted by inflow
from major tributaries such as Beaver Creek, Indian Creek, Elk Creek, Clear Creek
Salmon River and numerous lesser clean water creeks along the way.

A treatise on the condition of Klamath Lake in late summer or fall can be found in
journals covering the explorations of john C. Fre e:m?: Also, an article in an early
Klamath Falls newspaper mentions the fact that dvi ing a very dry year, inflow into
Upper Klamath Lake was so small that a strong wind from the Jemé revented any
water from passing over the existing natural dam.





From a personal point of view, | have been involved with the Klamath River since
1931, the year of my birth, my mother, Violet Fehely Anderson was involved with
this river from 1909 to 2009 and my grandmother, Catherine Wood Fehely from
1875 to 1970. My great grandfather, John C. Wood came to this area as a young man
in 1860 and remained here the rest of his life. During this time, conclusions made
and passed along have had a strong influence on my opinions. Stories about the
diseased salmon contaminating the banks of the Klamath past their home 10 miles
upstream from Happy Camp during the 1900’s early teens substantiate accounts of
warm, polluted water prior to dam construction. My brother-in-law, Richard Haley
(deceased), a former employee of California Fish and Game confirmed through Fish
and Game records that this die-off was indeed caused by a gill disease. Another,
story evolving from this same period of time concerned how the family gathered on
the river bar in late fall to catch and cook the large, red crawdads that came up the
river by the hundreds. These runs have completely disappeared following
construction of the dams. My guess is that the water stayed too cold for their
existence,

Now to the fish. First, the Coho or Silvers as they were called, never naturally
occurred in the mid to upper Klamath. Several attempts to introduce them, starting
as early as the 1890’s proved unsuccessful until after the 1940’s when a small run
has been maintained in the cooler water furnished by the reservoir. Even so, refuge
areas must be provided to insure their survival. My earlier family consisting of
several avid fishermen, as relayed by my mother, never knew of the Coho Salmon
while fishing the mid-Klamath from the 1870’s to the 1940’s.

When the dams were constructed, there was good reason that the California Fish
and Game did not insist on fish ladders. It is my belief that legend had it that few
salmon, if any, ever made it to the upper basin and, that later comprehensive studies
proved this, thus removing the need for ladders. This is very easily understood if
one looks at the physical restraints. Elevation of Copco reservoir is listed as 2605
feet while the reservoir surface for J. C. Boyle reservoir is listed as 3795 feet. A
difference of 1191 feet in 26 river miles. A very steep gradient for fish that have just
completed swimming upstream in a swift river for 200 miles. Besides that a river
channel that steep would be devoid of any bedding gravels and most likely would
consist of rapids and deep holes in the bedrock,

Itis my understanding that river releases from the power dams in question have
been modifies in response to directives from the National Marine Fisheries Agenc
to benefit fish runs which, as a result, restricts efficient generation of available
power capability. And, also, I am aware of required releases in addition to the
regular requirements for specific fish problems such as fish diseases and efforts to
sweep certain river sections free from some troublesome biota. All of this sharply
impacts the ability of the Power Company to economically operate the dams and
power facilities. When these dams are gone and extra water is requested by the
fisheries people, where will that water come from? It seems logical that federal





fingers will be pointed upstream to the upper basin and demanding water presently
needed to accomnmodate the irrigation demand.

In view of the above, you really have no moral nor ethical way to go except to
determine major and unacceptable environmental impact to the mid-Klamath river
region with removal of the power dams included in your study.

ThapkXou

Glen Briggs =~/ /
Civil Engineer, Retired

U.S. Bureau of Reclamation
1960 to 1887

2005 State Hwy 96
Seiad Valley, Ca.
96086

(530) 496-3343

Copy To:

Richard Marshall

President

Siskiyou County Water Users Association
P. 0. Box 187

Fort Jones, Ca.

96032







July 23, 2018

Parker Thaler

Ms. Michelle Siebal
California Water Board
1001 | Street
Sacramento, CA. 95814

Re: REPLY SISKIYOU COUNTY WATER USERS ASSOC.
State Water Board 401 DRAFT Water Quality Certification

The Siskiyou County Water Users Board of Directors hereby submits their review, analysis, and
attachments relative to our response to the proposal by the California Water Board of
conditions relative to the destruction of four Hydro-electric generation facilities and resultant
release of contaminated sediment laden waters into the Klamath River, a federally designated
“wWild and Scenic and Recreational River”. Not only will the destruction of these facilities
cause widespread contamination of the Klamath but will result in a potential long term
extirpation of numerous endangered aquatic species besides the Salmon which are claimed to
be benefited by the proposed destruction. We have suggested previously as has the County of
Siskiyou and other groups that before destruction of the clean energy producing hydro facilities
that “truck and haul”, a viable and inexpensive process be conducted to physically demonstrate
the likelihood of the claimed production capability beyond the Hydro facilities. There has never
been a scientific analysis which supports the creation of additional viable habitat beyond
Moonshine Falls area.

We represent Siskiyou County citizens who indicated by voting nearly 80%, their desire to keep
the Klamath Dams in place. | would hasten to add that a recent vote in Klamath County,
Oregon, produced approximately the same result. Our concern which should be the concern
of all citizens and agencies in California and Oregon is that once the hydro facilities are lost
there will be no ability to return. Before such a step is taken and what will be a irretrievable
condition resulting therefrom i.e. extirpation of numerous endangered species, loss of water
storage for fires, loss of control of instream flow, loss of view, loss of recreational opportunities,
loss of a valuable hatchery, loss of property values, and loss of lake fishing opportunities
amongst other beneficial qualities. It should be noted for example that the long nose and
short nose sucker fish which are considered an endangered species and are a cultural value to
the Klamath Tribe are planned to be nearly exterminated according to the ODEQ study (JC
Boyle Dam). They report that the sucker fish population will be reduced by 90%. We also know
that a very fragile and unique fresh water trout will be eliminated by the loss of their current
habitat at the edge of Copco |, Il and Iron Gate.



CEQA vs NEPA

Our first issue with the project proposal is that this proposed project requiring an
environmental study is not properly done by using CEQA. The Klamath River is a federally
designated “Wild and Scenic River” and also qualifies under the navigable river federal
waterway. The project as proposed impacts two states, Oregon and California. This alone
demands that an environmental analysis concerning the destruction of the hydroelectric and
associated storage capabilities; the destruction of environmental protected fish species not the
least of which includes the Coho Salmon and the Green Sturgeon; as well as the short and long
nosed suckerfish; and much of the aquatic life in the river system; together with the pollution
of the riverine system by toxic sediment demands that the EIR/ EIS be done under NEPA rules
and prepared by the US Commerce Department and the Department of Interior.

Furthermore, one can’t study just part of the Klamath River system in California especially when
it comes to sediments and pollution. One must look to the headwater source of the Klamath in
Oregon. The production of nitrogen and microcystin which is wrongly attributed to the
presence of the hydroelectric facilities occurs naturally and by way of the byproduct of farming
operations and particularly the bird life in the Oregon side of the River system. The studies
done previously by the Bureau of Reclamation make this point very clear. Among others they
concluded that the pollution problems could be substantially reduced or even eliminated by the
installation at Keno Dam of a water quality treatment facility. Within this same study the
removal of the hydro facilities and storage capability will dramatically impact the ability to
modulate the river flow especially in low water times. The BOR estimates that replacing this in
stream flow capability may cost upwards of Eight Billion dollars. This would require the
placement of significant water storage facilities in the upper Klamath Basin.

Therefore we object strenuously to the proposed actions which absent a thorough analysis of
the Pacific Decadal Oscillation (Exhibit A), as well as all seven reaches of the Klamath cannot
determine the full impact of the effort to remove the hydroelectric facilities. The study should
further include an examination of the impact of the destruction of the facilities will have on the
economic well- being of the counties which are impacted. For example there will be an
immediate destruction of property values particularly at Copco Lake where owners have
already experienced a loss in value.

Finally in this section we raise an objection to the State of California spending tax payer dollars
to benefit a private 501 (3) c non- profit corporation the KRRC which although filed as a
California Corporation came out of New York. It is bad enough that we have been forced to pay
an electric surcharge to remove the hydro facilities for many years now against our will and
best interest for Siskiyou County. Either KRRC or PacifiCorp should be paying for the studies to
be submitted to the State for review, analysis and potential approval. The KRRC has not been
recognized by either the FERC or the CPUC to carry out the proposed activity. In fact the FERC
raised an objection to the KRRC both filing simultaneously the license transfer from PacifiCorp
to KRRC and filing to terminate the license and remove the hydro power facilities.



Before going into detail we would like to point out that right at the beginning of the Draft
report in section 1.0 your author has misstated an important point that the project has been
split into two elements by FERC. Our understanding is that shortly after the request was
submitted and FERC proposed the split it was countered by PacifiCorp and their subordinate
KRRC. Therefore the project is still under on license and has not yet been split into two.

Secondly we have not seen any public hearings with the Siskiyou County Water and Flood
Control who by statute have control over all waters in Siskiyou County including surface and
subterranean waters.

Early History Klamath River

The earliest history of the Klamath River argues against the concept that removing the dams
will somehow create more water or more Salmon. Instead the recorded information from
eyewitness accounts shows that the Klamath River has historically evidenced cyclical periods of
high and low water and an inability to provide enough water for Salmon in the late summer
months. In addition it is well established fact that the River is impacted by algae blooms along
with little water. We have included in the attached documents a letter dated January 27, 2017
from Glen Briggs, a retired engineer from the US Bureau of Reclamation, whose family has lived
on the Klamath for generations. This letter is attached as Exhibit B.

Amended KHSA

On April 6, 2016 after the resounding failure of the previous KBRA and KHSA agreements, which
had been pursued for many years by the Department of Interior, State of California, State of
Oregon and numerous agencies and NGO’S, and rejection by Congress, despite numerous
attempts by the environmental arms of California and Oregon reconstructed the previously
failed KHSA calling it the amended KHSA. This is the underpinning of your organizations efforts
to legitimatize the effort to destroy the hydroelectric facilities. It is our opinion that this
document is illegal as the Governor of California had no legislative authority to bind the State in
a potentially super fund project without the benefit of appropriate studies and deliberations by
the State Legislature. In short Governor Brown had no authority to enter into an abortive
attempt to create a Federal Interstate Compact.

Klamath Bi State Compact

The Klamath Basin is governed by the 1957 Compact between the States of California, Oregon
and the Federal Government. This governing doctrine is referred to as “the law of the River”. It
is a Federal Statute enacted by both legislatures of Oregon and California and codified by the
US Congress by Statute enacted on August 30, 1957 (71 Stat. 497). This document arrived after
many years of negotiation between the States and their representatives set forth the process
for prioritization of beneficial uses of the Klamath River including the hydropower element
which was negotiated at the time by COPCO the predecessor to PacifiCorp. The negotiating
team included officials from both Oregon and California and the Federal government. The



Compact is still in effect and is still the “law of the River”. This magnificently versatile
agreement arrived at by earnest and artful negotiations over five years included a right to
60,000 acre feet of water to be taken from behind Iron Gate Dam and 200,000 acre feet from
behind Keno Dam for the Butte Valley area. Amongst those at the table were members of the
Siskiyou County Board of Supervisors under the guidance of Senator Collier. It also resulted in
the development of the very successful fish hatchery at Iron Gate which draws cold water to
stimulate the development of SIX MILLION FINGERLINGS (6,000,000) per year to keep the
Salmon population well stocked. This process if the dams were destroyed would go with them.
There will be no way to make up the difference.

Siskiyou County Flood Control and Water Conservation District

A unique piece of legislation flowed from the adoption of the Compact to the benefit of
Siskiyou County. Through the legislative process in California Assemblywoman Pauline Davis
authored AB 1592 which was further codified under the California Water Code as Section 89-1.
This unique piece of legislation blessed the County of Siskiyou with special water rights to
govern all waters of Siskiyou County including subterranean and surface water excluding the
water controlled by the upper basin federal project. This was intended to insure that Siskiyou
County would be the master of its own fate to provide for development of hydropower and
water usage to benefit industry, agriculture and domestic. Again we would postulate that this
unique water right conferred on the County of Siskiyou by the State of California trumps the
efforts of the Water Board. These were “quid pro quo” for the County’s spearheading the
effort to develop the Federal Interstate Klamath Compact.

Sanctions

Although the 401 Report by WB states the parameters of the different rules which they expect
KRRC to follow there are no sanctions for failure to comply. Who we ask will pay the bills for
damages done after the fact? Biological damages from dam removal as well as ongoing water
quality problems are a most likely scenario yet there really is no provision to cover these costs.
The insurance provided by KRRC mostly covers them. An example of potential damage
includes besides those mentioned above a potential diminution in land values in Siskiyou
County alone of perhaps ONE BILLION dollars. This is really not acceptable stewardship by the
State by leaving unprotected the County of Siskiyou as well as other Counties both in California
and Oregon. There is no evidence that removing the dams is anything other than a political
event that will not benefit the Salmon or any other aquatic organisms or any other dependent
animals that depend on the river for their needs. The Water Board needs to obey the Federal
Laws relative to the Klamath and take into consideration as well the citizens who will be directly
impacted by dam removal.



Conclusion

We reiterate our concerns over the legitimacy of the Report by the Water Board firstly because
the notice period was exceedingly short and begs the question of the intent of the board in
giving such short notice to the group most impacted by the potential destruction of the hydro
facilities i.e. Siskiyou County in which three of the four facilities to be destroyed are located and
which has the greatest river frontage to be impacted by the release of contaminated sediment
and opening up the prospect of flooding and resultant damage. Secondly, we object to the use
of state funding to conduct the EIR/EIS for the benefit of a private company, the KRRC, which is
not even recognized by either the FERC or by the CPUC. The KRRC has no demonstrated
capability to manage such a huge undertaking and they have no significant funding. Thirdly, we
believe that the Governor of the State of California had no authority to enter into the Amended
KHSA as it had never been reviewed or approved by the Legislature and by signing the
agreement he has put the State of California and the citizens of Siskiyou County at great risk
and peril. Fourthly, the Water Board planned action violates at least three Federal laws (NEPA,
Federal Interstate Compact, Article 1 Sec. 10 Clause 3 of the US Constitution, and Endangered
Species Act). Fifth, the proposed objectives of the project under the KRRC are physically and
scientifically unattainable. Sixth, most importantly the existing Interstate Federal Compact has
not been dealt with by Congress and therefore remains the law of the river.

We will look forward to the next step in the process and would request by submission of this
letter that our voice be heard and that the Water Board subject itself to a public hearing
conducted by the County of Siskiyou and surrounding counties.

Sincerely yours
The Board of Directors
Siskiyou County Water Users

Richard Marshall
President



EXHIBIT A

EXHIBIT B

EXHIBITS ATTACHED

STUDY PUBLISHED BY DR. NATHAN MANTUA, “PACIFIC INTERDECADAL

CLIMATE OSCILLATION WITH IMPACT ON SALMON PRODUCTION”
(published by Bulletin of American Meteorological Society Vol 78, No. 6
1997)

LETTER DATED JAN 27, 2017 FROM GLEN BRIGGS, CE (Eyewitness

accounts re the Klamath River conditions from 1860).



A Pacific Interdecadal Climate
Oscillation with Impacts
on Salmon Production’

Nathan J. Mantua,* Steven R. Hare, Yuan Zhang,*

John M. Wallace,* and Robert C. Francis@

= EX"’U}OLEF ;_A__t_ -

ABSTRACT

Evidence gleaned from the instrumental record of climate data identifies a robust, recurring pattern of ocean—atmosphere
climate variability centered over the midlatitude North Pacific basin. Over the past century, the amplitude of this climate
pattern has varied irregularly at interannual-to-interdecadal timescales. There is evidence of reversals in the prevailing po-
larity of the oscillation occurring around 1925, 1947, and 1977; the last two reversals correspond to dramatic shifts in
salmon production regimes in the North Pacific Ocean. This climate pattern also affects coastal sea and continental surface
air temperatures, as well as streamflow in major west coast river systems, from Alaska to California.

September 1915 (Pacific Fisherman 1915)

Never before have the Bristol Bay [Alaska]
salmon packers returned to port after the
season’s operations so early.

The spring [chinook salmon] fishing season on
the Columbia River [Washington and Oregon]
closed at noon on August 25, and proved to be
one of the best for some years.

1939 Yearbook (Pacific Fisherman 1939)

The Bristol Bay [Alaska] Red [sockeye salmon]
run was regarded as the greatest in history.

*JISAO Contribution Number 379.

*Joint Institute for the Study of the Atmosphere and Oceans,
University of Washington, Seattle, Washington.

*International Pacific Halibut Commission, University of Wash-
ington, Seattle, Washington.

@Fisheries Research Institute, University of Washington, Seattle,
Washington.

Corresponding author address: Nathan Mantua, Joint Institute for
the Study of the Atmosphere and Oceans, University of Washing-
ton, Box 354235, Seattle, WA 98195-4235.

E-mail: mantua@atmos.washington.edu.

In final form 6 January 1997.

Bulletin of the American Meteorological Society

The [May, June and July chinook] catch this
year is one of the lowest in the history of the
Columbia [Washington and Oregon].

August/September 1972 (National Fisherman 1972)
Bristol Bay [Alaska] salmon run a disaster.

Gillnetters in the Lower Columbia [Washing-
ton and Oregon] received an unexpected bo-
nus when the largest run of spring chinook
since counting began in 1938 entered the
river.

1995 Yearbook (Pacific Fishing 1995)

Alaska set a new record for its salmon harvest
in 1994, breaking the record set the year be-

fore.

Columbia [Washington and Oregon] spring
chinook fishery shut down; west coast troll
coho fishing banned.

1. Introduction

Pacific salmon production has a rich history of
confounding expectations. For much of the past
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two decades, salmon fishers in Alaska have pros-
pered while those in the Pacific Northwest have
suffered. Yet, in the 1960s and early 1970s, their
fortunes were essentially reversed. Could this pat-
tern of alternating fishery production extremes be
connected to climate changes in the Pacific basin?

In this article we present a synthesis of results
derived from the analyses of climate records and
data describing biological aspects of variability in
the large marine ecosystems of the northeast Pa-
cific Ocean. Our goal is to highlight the widespread
connections between interdecadal climate fluctua-
tions and ecological variability in and around the
North Pacific basin.

A considerable body of literature has been de-
voted to the discussion of persistent widespread
changes in Pacific basin climate that took place in
the late 1970s (Namias 1978; Trenberth 1990;
Ebbesmeyer et al. 1991; Graham 1994; Trenberth
and Hurrell 1994). Several studies have also docu-
mented interdecadal climate fluctuations in the
Pacific basin, of which the changes that took place
in the late 1970s are but a single realization
(Ebbesmeyer et al. 1989; Francis and Hare 1994
and Hare and Francis 1995, hereafter FH-HF; Latif
and Barnett 1994, 1996; Ware 1995; Hare 1996;
Zhang 1996; Zhang et al. 1997, hereafter ZWB).

Widespread ecological changes related to
interdecadal climate variations in the Pacific have
also been noted. Dramatic shifts in an array of
marine and terrestrial ecological variables in west-
ern North America coincided with the changes in
the state of the physical environment in the late
1970s (Venrick et al. 1987; Ebbesmeyer et al.
1991; Brodeur and Ware 1992; Roemmich and
McGowan 1995; Francis et al. 1997). Rapid
changes in the production levels of major Alaskan
commercial fish stocks have been connected to
interdecadal climate variability in the northeast
Pacific (Beamish and Boullion 1993; Hollowed and
Wooster 1992; FH-HF), and similar climate—
salmon production relationships have been ob-
served for some salmon populations in Washing-
ton, Oregon, and California (Francis and Sibley
1991; J. Anderson 1996, personal communication).

Our results add support to those of previous stud-
ies suggesting that the climatic regime shift of the
late 1970s is not unique in the century-long instru-
mental climate record, nor in the record of North
Pacific salmon production. In fact, we find that sig-
natures of a recurring pattern of interdecadal cli-

1070

mate variability are widespread and detectable in
a variety of Pacific basin climate and ecological
systems. This climate pattern, hereafter referred to
as the Pacific (inter) Decadal Oscillation, or PDO
(following coauthor S.R.H.’s suggestion), is a pan-
Pacific phenomenon that also includes interdecadal
climate variability in the tropical Pacific.

2. Data and methodology

We analyze a wide collection of historical records
of Pacific basin climate and selected commercial
salmon landings. Specifically, this study examines
records of (i) tropical and Northern Hemisphere
extratropical sea surface temperature (SST) and sea
level pressure (SLP); (ii) wintertime North Ameri-
can land surface air temperatures and precipitation;
(iii) wintertime Northern Hemisphere 500-mb
height fields; (iv) SST along the west coast of North
America; (v) selected streamflow records from
western North America; and (vi) salmon landings
from Alaska, Washington, Oregon, and California.

Monthly mean SST data for the period of record
1900-93 were obtained from an updated version
of the quality-controlled U.K. Meteorological Of-
fice Historical SST Dataset (HSSTD) provided by
the Climatic Research Unit, University of East
Anglia (Folland and Parker 1990, 1995). These
data are on a 5° lat x 5° long grid. The monthly
mean, 1° lat x 1° long gridded data of the Optimally
Interpolated SST (OISST, Reynolds and Smith
1995) are averaged into 5° boxes and used to ex-
tend the HSSTD through the January 1994-May
1996 period of record. We also use 2° lat x 2° long
Comprehensive Ocean—Atmosphere Data Set
(COADS, Fletcher et al. 1983) SST for the period
of record 1900-92 in the construction of Fig. 2.

Monthly mean SLP data were obtained from two
sources: first, 5° lat x 5° long gridded fields from
the Data Support Section/Computing Facility at the
National Center for Atmospheric Research (NCAR)
for the period of record 1900-May 1996 (Trenberth
and Paolino 1980); and second, 2° lat X 2° long
gridded surface marine observations from COADS
for the period of record 1900-92, which are used
to construct the station-based Southern Oscillation
Index (SOI) shown in Fig. 1 and the SLP map in
Fig. 2.

For the period of record 1900-92, the COADS-
based SOI used here was constructed following
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FiG. 1. Normalized winter mean (November—March) time
histories of Pacific climate indices. Dotted vertical lines are drawn
to mark the PDO polarity reversal times in 1925, 1947, and 1977.
Positive (negative) values of the NPPI correspond to years with a
deepened (weakened) Aleutian low. The negative SOI is plotted so
that it is in phase with the tropical SST variability captured by the
CTIL Positive value bars are black, negative are gray.

ZWB. The Tahiti pole is defined as the average SLP
anomaly from 20°N to 20°S latitude from the in-
ternational date line to the coast of South and Cen-
tral America, while the Darwin pole is defined as
the average SLP anomaly over the remainder of the
global tropical oceans within the same range of
latitudes. Missing SOI values for the period of
record 1913-20 and 1993-May 1996, were esti-
mated from a linear regression with the traditional
Tahiti-Darwin SOI based on the common period
of record 1933-90, obtained from the National
Oceanic and Atmospheric Administration/National
Centers for Environmental Prediction (NOAA/
NCEP) Climate Prediction Center. For an early
description of the Southern Oscillation the reader
is referred to Walker and Bliss (1932).

Gridded, global, land surface air temperature and
precipitation anomalies for the period of record
1900-92, based on station data, were obtained from
the Carbon Dioxide Information Analysis Center
in Oak Ridge, Tennessee. The air temperature data
are provided as monthly anomalies on a 5° lat
% 10° long grid, over land only (Jones et al. 1985).
We used “cold-season” means (November—March)
for Fig. 3a. The precipitation anomalies are pro-
vided as (3 month) seasonal mean anomalies on a
4° lat x 5° long grid, over land only (Eischeid et al.
1991). We used the December—February seasonal
mean anomalies in constructing Fig. 3b.

Bulletin of the American Meteorological Society

(a) SST and SLP regressed on the PDO index

Fic. 2. COADS SST (color shaded) and SLP (contoured)
regressed upon (a) the PDO index and (b) the CTT for the period of
record 1900-92. Contour interval is 1 mb, with additional contours
drawn for +/-0.25 and 0.50 mb. Positive (negative) contours are
dashed (solid).

Gridded, Northern Hemisphere 500-mb height
fields were obtained from NMC (National Meteo-
rological Center, now NCEP) operational analysis
fields, as described by Kushnir and Wallace (1989).
November through March mean anomalies were
used in constructing Fig. 4.

Monthly mean streamflow records for the Kenai
River at Cooper’s Landing, Alaska; the Skeena
River at Usk, British Columbia, Canada and the
Fraser River at Hope, British Columbia, Canada;
and the Columbia River at The Dalles, Oregon,
were obtained from the National Water Data Ex-
change, which is part of the United States Geologi-
cal Survey (USGS). The monthly records were used
to generate annual water year (October—September)
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flow indices for each stream. The time series la-
belled BC/Columbia Streamflow in Fig. 5 is a com-
posite of the normalized Skeena, Fraser, and Co-
lumbia river water year streamflow anomalies.

Coastal SST time series for British Columbia sta-
tions were obtained from the Institute of Ocean
Sciences in Sidney, British Columbia, Canada. The
time series for coastal BC SST shown in Fig. 5 is a
composite of eight individual time series from the
following coastal observing stations: Amphitrite
Point, Departure Bay, Race Rocks, Langara Island,
Kains Island, MclInnes Island, Entrance Island, and
Pine Island. We use a composite index in an attempt
to emphasize regional-scale nearshore SST vari-
ability over the finescale variability that exists in
that topographically diverse region.

Monthly mean values for Scripps Pier SST were
obtained from the Scripps Institution of Oceanog-

(a) Nov—Mar surface air temperature

raphy in La Jolla, California. Scripps Pier SST vari-
ability is well correlated with that along the Alta and
Baja California coastline (J. McGowan 1996, per-
sonal communication).

Coastal Gulf of Alaska cold season air tempera-
tures were obtained from the National Climate Data
Center. The November—March mean Gulf of
Alaska air temperatures shown in Fig. 5 are a com-
posite of Kodiak, King Salmon, and Cold Bay,
Alaska, station records.

Prior to compositing, each individual SST,
streamflow, and air temperature time series was nor-
malized with respect to the 1947-95 period of
record, a period for which data are available for all
the time series used in the construction of Fig. 5.
The mean for the available period of record was
then removed from the composite time series be-
fore plotting in Fig. 5.

Alaska salmon landings for the
period of record 1925-91 were pro-
vided by the Alaska Department of

Fish and Game (1991). Catch data
for 1992 through 1995 were ob-
tained from Pacific Fishing maga-
zine (1994, 1995). We focus on the
catch records of sockeye salmon in
western and central Alaska, and that
of pink salmon in central and south-
east Alaska (shown in Fig. 6). These
four regional stocks account for

80w
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(b) Dec~Feb precipitation correlations

; about 75% of Alaska’s annual
40" gsalmon catch. The period of record
from 1920 through the 1930s rep-
resents a “fishing-up” period while
the industry was experiencing rapid
growth. Subsequent to the late

with the PDO index (x100): 19001992
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1930s, fisheries for these stocks
have been fully developed, and the
catch records are good indicators of
stock abundance (Beamish and
Bouillon 1993; FH-HF).
Additionally, the record of
chinook salmon catch from the Co-
lumbia River for the period of record
1938-93 and coho landings from
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F16. 3. Maps of PDO regression and correlation coefficients: (a) November—March
surface air temperature regressed upon the PDO index shown in Fig. 1; contour interval
is 0.2°C. (b) Correlation coefficients (x 100) between December—February precipitation
and the PDO index shown in Fig. 1; contour interval is 10. Positive (negative) contours

are solid (dashed).
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: Washington—Oregon—California
o (WOC) for the period of record 1925—
93 are also shown. These records
were obtained from the Washington
Department of Fisheries (WDF), the
Oregon Department of Fish and
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Fic. 4. Wintertime Northern Hemisphere 500-mb heights
regressed upon the PDO index for the period of record 1951-90.
Contour interval is 5 m, positive (negative) contours are solid
(dashed).

Wildlife (ODFW), and the California Department
of Fish and Game (WDF and ODFW 1992).

Parallel EOF/PC analyses of the monthly SST and
SLP anomaly fields, carried out independently by
two of the present authors, were based on the tem-
poral covariance matrix from the 1900-93 period
of record. For SST, we used the covariance matrix
created from monthly HSSTD anomalies poleward
of 20°N in the Pacific basin (Zhang 1996). For SLP,
we used the covariance matrix created from
monthly NCAR SLP anomalies poleward of 20°N
and between 110°E and 110°W (Hare 1996). The
resulting November—March mean PCs were nor-
malized prior to plotting in Fig. 1. The leading PC
for SLP in the North Pacific sector is labelled NPPI,
while that for SST is labelled PDO.

3. Characteristics of the PDO

Of particular interest to this study is the fact that,
since at least the 1920s, interdecadal fluctuations
in the dominant pattern of North Pacific SLP (NPPI)
have closely paralleled those in the leading North
Pacific SST pattern (PDO) (Fig. 1; Zhang 1996;
ZWB; Latif and Barnett 1996). It is this coherent,
interdecadal timescale ocean—atmosphere covari-
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ability that we see as the essence of the PDO cli-
mate signature. For convenience, throughout the
remainder of this report we refer to the time his-
tory of the leading eigenvector of North Pacific SST
as an index for the state of the PDO.

Also shown in Fig. 1 are the SOI and the Cold
Tongue Index (CTI, which is the average SST
anomaly from 6°N to 6°S, 180° to 90°W), indices
commonly used to monitor the atmospheric and
oceanic aspects of ENSO, respectively. The SOI
and CTI are correlated with the PDO (see Table 1)
such that warm- (cold-) phase ENSO-like condi-
tions tend to coincide with the years of positive
(negative) polarity in the PDO. Interestingly, fluc-
tuations in the CTI are mostly interannual, while
those in the PDO are predominantly interdecadal
(ZWB).

Interdecadal and interannual timescales are both
apparent in the indices of atmospheric variability
at low and high northern latitudes over the Pacific.
The NPPI and SOI are correlated such that the mean
wintertime Aleutian Low tends to be more (less)
intense during winters with weakened (intensified)
easterly winds near the equator in the Pacific.

Correlations between the atmospheric and oce-
anic climate indices shown in Fig. 1 within respec-
tive high- and low-latitude ranges are relatively
strong. The NPPI is moderately well correlated with
that of the extratropical SST, while at tropical lati-
tudes the SOI and CTI are very well correlated (see
Table 1).

By regressing the records of wintertime SST and
SLP upon the PDO index, the spatial patterns typi-
cally associated with a positive unit standard de-
viation of the PDO are generated (Fig. 2a). The
largest PDO-related SST anomalies are found in the

TasLE 1. Correlation coefficients for the Pacific basin climate
indices, shown in Fig. 1, for the period of record 1900-92.
Correlation coefficients have been adjusted to reflect the effective
degrees of freedom, as a function of autocorrelation, in each time
series.

PDO NPPI so1 CTI
PDO s 0.50 ~0.35 0.38
ekt 0 00
sol — = — ~0.82
CTI - - - _

—_—— e

1073



Gulf of Alaska Air Temperature

British Co(umbla Coastal SST

|[n_lx l;,;r‘ .llhi "

normalized amplitudes

Gulf of Alaska Streamflow

BC/Washington Streamﬂow

{ i 1 i I

R | lJL—LLnllULI LJl.,.ll L,.vLLl,LJ | Ll b

i 4“1{” T~Tﬂr“"|"|r" R W || llr'

Shown in Fig. 2b are the SST and
SLP fields regressed upon the CTI,
thus this map shows anomalies typi-
cally associated with a unit standard
deviation ENSO index. Comparing
Fig. 2a with Fig. 2b, it is evident that
the tropical PDO-spatial signatures are
in many ways reminiscent of canoni-
cal warm-phase ENSO SST and SLP
anomalies (Rasmussen and Carpenter
1982). However, the PDO amplitudes
in the tropical fields are weaker than
those obtained by regressing the sur-
face fields upon the CTI. Likewise, the
PDO-regression amplitudes in the
Northern Hemisphere extratropics are
stronger than those obtained from re-
gressions upon the CTI (ZWB).

To establish the significance and
consistency of polarity reversals in
time—referred to by some authors as
regime shifts—FH-HF and Hare
(1996) utilized a technique known as
. intervention analysis (Box and Tiao

1900 1920 1940 1960 1980

Fic. 5. Selected regional climate time series with PDO signatures. Dotted vertical
lines are drawn to mark the PDO polarity reversal times in 1925, 1947, and 1977.
Bars are shaded as in Fig. 1, with the shading convention reversed for the BC/

Washington streamflow index.

central North Pacific Ocean, where a large pool of
cooler than average surface water has been cen-
tered for much of the past 20 yr. The peak ampli-
tude of the SST regression coefficients in the cold
pool are on the order of —0.5°C. The narrow belt
of warmer than average SST that, in the past two
decades, has prevailed in the nearshore waters
along the west coast of the Americas is also a dis-
tinctive feature of this pattern. Note also that the
Southern Hemisphere midlatitude SST signature is
very similar to that in the northern extratropics. The
SLP anomalies that are typical of the positive PDO
are characterized by basin-scale negative anoma-
lies between 20° and 60°N. The peak amplitude of
the midlatitude wintertime SLP signature is about
4 mb, which represents an intensification of the
climatological mean Aleutian low. This SLP pat-
tern is very similar to the dominant pattern of win-
tertime North Pacific SLP variability. It is notewor-
thy that there are no strong PDO signatures in the
Atlantic or Indian Ocean SST and SLP fields.
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2000 1975), which is an extension of
Autoregressive Integrated Moving
Average (ARIMA) modeling (Box
and Jenkins 1976). We applied this
analysis to each of the time series
shown in Fig. 1. Intervention analy-
sis is essentially a two sample ¢ test that can be ap-
plied to autocorrelated data, which is a common
feature of environmental time series. While inter-
ventions can take many forms, we tested only step
interventions. The implicit model, therefore, for
each variable is a sequence of abruptly shifting
levels, accounting for a significant portion of the
total variance, around which occurs residual vari-
ability, either random or autocorrelated.'

"'We followed the standard three-step process in fitting the inter-
vention models. First we identify a model. For all time series, the
initial model consisted of five parameters: Three interventions, a
lag-1 autoregressive term and a constant. The three interventions
(phase reversals) we used were 1925, 1947, and 1977. The timing
of the interventions was derived independently in earlier studies by
several of the authors in this study (FH-HF; ZWB). In the second
step, parameters are estimated for significance. If any parameters
are statistically insignificant, the least significant is dropped and the
remaining parameters reestimated. This sequence is repeated as
necessary. The model is then accepted if the final step, a white noise
test for model residuals, is passed.
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FIG. 6. Selected Pacific salmon catch records with PDO signatures. For Alaska catch,
black (gray) bars denote values that are greater (less) than the long-term median. The shading
convention is reversed for WOC coho and Columbia River spring chinook catch. Dotted
vertical lines are drawn in each panel to mark the PDO polarity reversal times in 1925,
1947, and 1977. At the top, the PDO index is repeated from Fig. 1.

The statistical significance of the intervention
model parameters are shown in Table 2. Excluding
the CTI, polarity reversals in 1977 are supported in
each of the time series shown in Fig. 1. Additional
sign reversals in 1925 and 1947 are supported by the
PDO and NPPI time series but not for the SOI or CTL.

The implications of this statistical exercise are
as follows. We have identified an interdecadal cli-
mate signal that is evident in the oceanic and at-
mospheric climate record. We attribute these sig-
natures to the PDO. During this century, using the
North Pacific SST pattern time series as the indica-
tor of polarity, the PDO was predominantly posi-
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1980

tive between 1925 and 1946,
negative between 1947 and 1976,
and positive since 1977. Note that
these multidecade epochs contain
intervals of up to a few years in
length in which the polarity of the
PDO is reversed e.g., the positive
PDO values in 1958-61, and the
strongly negative PDO values in
1989-91).

4. Coastal and
continental signatures
of the PDO

The signature of the PDO is
clearly evident in the wintertime
surface climate record for much
of North America but not for that
of the other continents. The stron-
gest coefficients of wintertime air
temperature regressed upon the
PDO index are located in north-
western North America (Fig. 3a;
cf. Latif and Barnett 1994, Fig.
5b), with local maxima of oppos-
ing centers over south central
Alaska—western Canada and the
southeastern United States. The
PDO is positively correlated? with
wintertime precipitation along the
coast of the central Gulf of Alaska
and over northern Mexico and
south Florida, and negatively cor-
related with that over much of
the interior of North America and
over the Hawaiian Islands.

The continental PDO surface climate signatures
are consistent with PDO-related circulation anoma-
lies on the hemispheric scale. The Pacific—North
America (PNA) (Wallace and Gutzler 1981) pat-

.
2000

2To highlight the regional patterns of the PDO Dec—Feb precipita-
tion signal over the North American continent, the correlation map
is shown instead of the regression map. The regression coefficients
are skewed toward extreme values in the Pacific Northwest and
central Gulf of Alaska. Typical precipitation anomalies for a unit
standard deviation positive PDO are about +20 to +30 mm for the
central Gulf of Alaska, —20 to —30 mm for western Washington
state, =40 mm for the Hawaiian Islands, +5 mm over northern
Mexico, and —10 mm over the Great Lakes.
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TaBLE 2. P values for tests of step-changes in the mean level of
the Pacific basin climate indices shown in Fig. 1. The four time
periods tested for changes in the mean level were 190024, 1925—
46, 1947-76, 1977-96. P-values greater than 0.05 are labeled “ns”
(not significant).

Climate Intercept 1925step 1947 step 1977 step
Index

PDO ns 0.001 0.000 0.000
NPPI 0005 0001 0000 0000
SOI | .ns né né 0.001 |

tern emerges when the cold season (November—
March) 500-mb height fields are regressed upon the
PDO index for the period of record 1951-90
(Fig. 4). This relationship suggests that during ep-
ochs in which the PDO is in its positive polarity,
coastal central Alaska tends to experience an en-
hanced cyclonic (counterclockwise) flow of warm,
moist air, which is consistent with heavier than
normal precipitation. Washington state and British
Columbia also tend to be subject to an increased
flow of relatively warm humid air, but in their case
it is within an area of enhanced anticyclonic circu-
lation that is dynamically unfavorable for heavier
than normal precipitation.

In an analysis of springtime (1 April) snowcourse
data for the western United States, Cayan (1996)
finds that the leading eigenvector of snowpack
variability, what he calls the Idaho pattern, is cen-
tered in the Pacific Northwest. Cayan’s time series
for the Idaho pattern has tracked our PDO index
since at least 1935 (when his data begins). This
pattern of snowpack variability is consistent with
the PDO-related wintertime air temperature and
precipition patterns shown in Fig. 3: relatively warm
(cool) winter air temperatures and anomalously low
(high) precipitation during positive (negative) PDO
years contribute to reduced (enhanced) snowpack
in the Pacific Northwest. Furthermore, Cayan’s
composite wintertime 700-mb height fields for the
extreme years reveal that variability in the Idaho
snowpack pattern is largely controlled by PNA cir-
culation anomalies (cf. Cayan’s Figs. 3 and 6 with
our Figs. 3b and 4).

We used the PDO correlation and regression
maps (Figs. 2 and 3) as guides to search for the local
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and regional instrumental records of PDO-driven
climate variability shown in Fig. 5. Wintertime sur-
face air temperature along the Gulf of Alaska, and
SST near the coast from Alaska to southern Cali-
fornia, varies in phase with the PDO. During posi-
tive PDO years the annual water year discharge in
the Skeena, Fraser, and Columbia Rivers is on av-
erage 8%, 8%, and 14% lower, respectively, than
that during negative PDO years. In contrast, posi-
tive-PDO-year discharge from the Kenai River in
the central Gulf of Alaska region is on average
about 18% higher than that during the negative
polarity PDO years. Cayan and Peterson (1989)
also noted that this dipole pattern in west coast
streamflow fluctuations is related to the favored
pattern of SLP variability in the North Pacific.

5.The PDO and salmon production in
the northeast Pacific

Commercial fisheries for Alaskan pink and
sockeye salmon are among the most lucrative in
the United States (U.S. Department of Commerce
1994, 1995). The unique life history of salmon,
which begins and ends in freshwater streams and
involves an extensive period of feeding in the ocean
pasture, makes them vulnerable to a variety of en-
vironmental changes. A growing body of evidence
suggests that many populations of Pacific salmon
are strongly influenced by marine climate variabil-
ity (Pearcy 1992; Beamish and Bouillon 1993; FH-
HF; Beamish et al. 1995; Francis et al. 1997).

A remarkable characteristic of Alaskan salmon
abundance over the past half-century has been the
large fluctuations at interdecadal timescales that
resemble those of the PDO (Fig. 6, see also Table
3) (FH-HF; Hare 1996). Time series for WOC
coho and Columbia River spring chinook landings
tend to be out of phase with the PDO index (Fig.
6), though the correspondence is less compelling
than that with Alaskan salmon. The weaker con-
nections between the WOC and Columbia River
salmon populations and the PDO may be a result
of differing environmental-biological interactions.
On the other hand, climatic influences on salmon
in their southern ranges may also be masked or
overwhelmed by anthropogenic impacts: Alaskan
stocks are predominantly wild spawners in pristine
watersheds, while the WOC coho and Columbia
River spring chinook are mostly of hatchery ori-
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gin and originate in watersheds that have been sig-
nificantly altered by human activities.

The best-fit interventions for the Alaskan sock-
eye stocks occur 2 and 3 yr after those identified
in the PDO history, while the best-fit interventions
for the Alaskan pink salmon stocks occur 1 yr fol-
lowing the climate shifts (FH-HF). It is believed that
sockeye and pink salmon abundances are most sig-
nificantly impacted by marine climate variability
early in the ocean phases of their life cycles (Hare
1996). If this is true, the key biophysical interac-
tions are likely taking place in the nearshore ma-
rine and estuarine environments where juvenile
salmon are generally found.

Recent work suggests that the marine ecologi-
cal response to the PDO-related environmental
changes starts with phytoplankton and zooplank-
ton at the base of the food chain and works its way
up to top-level predators like salmon (Venrick et al.
1987; FH-HF; Roemmich and McGowan 1995; Hare
1996; Brodeur et al. 1996; Francis et al. 1997). This
“bottom-up” enhancement of overall productivity
appears to be closely related to upper-ocean
changes that are characteristic of the positive polar-
ity of the PDO. For example, some phytoplankton—
zooplankton population dynamics models are sen-
sitive to specified upper-ocean mixed-layer depths
and temperatures. For the decade following the
1960-76 period of record, such models have suc-
cessfully simulated aspects of the observed in-
creases in Gulf of Alaska productivity as a response
to an observed 20%-30% shoaling and 0.5° to 1°C
warming of the mixed layer (Polovina et al. 1995).

To the extent that high streamflows favor high
survival of juvenile salmon, PDO-related stream-
flow variations are likely working in concert with

TaLE 3. Percent change in mean catches of four Alaskan salmon
stocks following major PDO polarity changes in 1947 and 1977.
Mean catch levels were estimated from intervention models fitted
to the data and incorporating a 1-yr lag for both pink salmon stocks,
a 2-yr lag for western sockeye, and a 3-yr lag for central sockeye.

Salmon stock 1947 step 1977 step
Western AK sockeye -37.2% +242.2%
 Central AK sockeye  —33.3% | +220.4%
Central AK pink -38.3% +251.9%
Southeast AK pink  ~64.4% +208.7%
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the changes to the near-shore marine environment
in regard to impacts on salmon production. For
Alaskan salmon, the typical positive PDO year
brings enhanced streamflows and nearshore ocean
mixed-layer conditions favorable to high biologi-
cal productivity. Generally speaking, the converse
appears to be true for Pacific Northwest salmon.

6. Discussion

Our synthesis of climate and fishery data from
the North Pacific sector highlights the existence of
a very large-scale, interdecadal, coherent pattern
of environmental and biotic changes. It has recently
come to our attention that Minobe (1997) has com-
piled a complementary study of North Pacific cli-
mate variability that includes SST indices from the
coastal Japan and Indian Ocean—Maritime Conti-
nent regions. Especially relevant to our work is the
fact that Minobe used instrumental records to in-
dependently identify the same dates we promote
for climatic regime shifts (1925, 1947, and 1977).
Also intriguing is Minobe’s analysis of (tree ring)
reconstructed continental surface temperatures that
suggest PDO-like climate variability has a charac-
teristic recurrance interval of 50—70 yr and that
these fluctuations are evident throughout the past
3 centuries.

It is clear from a visual inspection of the time
series shown in Figs. 1, 5, and 6 that not all changes
in our PDO index are indicative of interdecadal
regime shifts that are equally apparent in the other
indices. The difficulties inherent in real-time as-
sessment of the state of the PDO are illustrated by
the recent period of record: Alaskan salmon catches
and coastal SSTs have remained above average
since the late 1970s, while, in contrast, the PDO
index dipped well below average from 1989-91
and has hovered around normal since this time.
Without the benefit of hindsight it is virtually im-
possible to characterize such periods and to rec-
ognize long-lived regime shifts at the time they
occur.

The ENSO and PDO climate patterns are clearly
related, both spatially and temporally, to the extent
that the PDO may be viewed as ENSO-like
interdecadal climate variability (Tanimoto et al.
1993; ZWB). While it may be tempting to interpret
interdecadal climatic shifts as responses to in-
dividual (tropical) ENSO events, it seems equally
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conceivable that the state of the interdecadal
PDO constrains the envelope of interannual ENSO
variability.

To our knowledge, there are no documented
robust relationships between Pacific salmon abun-
dance and indices of ENSO. The slowly varying
time series of salmon catches examined in this study
are much more coherent with the interdecadal as-
pects of the PDO than the higher frequency fluc-
tuations in tropical ENSO indices. In the future it
seems very likely that the PDO will continue to
change polarity every few decades, as it has over
the past century, and with it the abundance of Alas-
kan salmon and other species sensitive to environ-
mental conditions in the North Pacific and adjacent
coastal waters.

This climatic regime—driven model of salmon
production has broad implications for fishery man-
agement (Hare 1996; Adkison et al. 1996). The
most critical implication concerns periods of low
productivity, such as currently experienced by
WOC salmon. Management goals, such as the cur-
rent legislative mandate to double Washington
State salmon production® (Salmon 2000 Technical
Report 1992), may simply not be attainable when
environmental conditions are unfavorable. Con-
versely, in a period of climatically favored high
productivity, managers might be well advised to
exercise caution in claiming credit for a situation
that may be beyond their control.
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January 27,2017

State Water Resources Control Board
Division of Water Rights

/
Water Quality Certification Program _ EX U')Ql a\ % L

Attention: Mr. Parker Thaler o

P.0O. Box 2000
Sacramento, Ca. 95812-2000

Dear Mr Thaler:

This letter is in response to the request for comments contained in your “NOTICE OF
PREPARATION AND SCOPING AND MEETINGS FOR AN ENVIRONMENTAL IMPACT
REPORT FOR THE LOWER KLAMATH PROJECT LICENSE SURRENDER”

First, as to the long-term changes to the water temperature regime, | feel there is an
abundance of available evidence to show that removal of the dams and return to an
uncontrolled river through the reach included in the study would be an
environmental disaster for the downstream river for at least the next 100 miles
below which, incoming fresh water from clean, cold tributaries moderate the
condition,

During late summer through fall to early winter, particularly during dry periods,
water reaching the location of this project from above is, and will continue to be,
extremely warm and contaminated as a natural condition created by the large
shallow lake from which it derives and from whatever inflow happens to make it’s
way to the Klamath from the bird sanctuaries. This condition is commented on by
George Gibbs on page 39 of “GEGRGE GIBBS JOUNAL OF REDICK McKEE'S
EXPEDITION THROUGH NORTHWESTERN CALIFORNIA IN 1851” published by %:he
ARCHEOLOGICAL RESEARCH FACILITY , Department of Anthropology, University o
California, Berkley, 1972 and available on-line. On September of that year while
describing the Trinity River, Mr. Gibbs writes “Itis in size about half that of the
Klamath, likewise rapid, are of transcendent purity; cm‘a‘a&mg with those of the
latter stream which never lose the taint of their origin.” This must be taken in light
of the fact that waters leaving the upper basin has already been diluted by inflow
from major tributaries such as Beaver Creek, Indian Creek, Elk Creek, Clear Creek
Salmon River and numerous lesser clean water creeks along the way.

A treatise on the condition of Klamath Lake in late summer or fall can be found in
journals covering the explorations of john C. Fre e:m?: Also, an article in an early
Klamath Falls newspaper mentions the fact that dvi ing a very dry year, inflow into
Upper Klamath Lake was so small that a strong wind from the Jemé revented any
water from passing over the existing natural dam.



From a personal point of view, | have been involved with the Klamath River since
1931, the year of my birth, my mother, Violet Fehely Anderson was involved with
this river from 1909 to 2009 and my grandmother, Catherine Wood Fehely from
1875 to 1970. My great grandfather, John C. Wood came to this area as a young man
in 1860 and remained here the rest of his life. During this time, conclusions made
and passed along have had a strong influence on my opinions. Stories about the
diseased salmon contaminating the banks of the Klamath past their home 10 miles
upstream from Happy Camp during the 1900’s early teens substantiate accounts of
warm, polluted water prior to dam construction. My brother-in-law, Richard Haley
(deceased), a former employee of California Fish and Game confirmed through Fish
and Game records that this die-off was indeed caused by a gill disease. Another,
story evolving from this same period of time concerned how the family gathered on
the river bar in late fall to catch and cook the large, red crawdads that came up the
river by the hundreds. These runs have completely disappeared following
construction of the dams. My guess is that the water stayed too cold for their
existence,

Now to the fish. First, the Coho or Silvers as they were called, never naturally
occurred in the mid to upper Klamath. Several attempts to introduce them, starting
as early as the 1890’s proved unsuccessful until after the 1940’s when a small run
has been maintained in the cooler water furnished by the reservoir. Even so, refuge
areas must be provided to insure their survival. My earlier family consisting of
several avid fishermen, as relayed by my mother, never knew of the Coho Salmon
while fishing the mid-Klamath from the 1870’s to the 1940’s.

When the dams were constructed, there was good reason that the California Fish
and Game did not insist on fish ladders. It is my belief that legend had it that few
salmon, if any, ever made it to the upper basin and, that later comprehensive studies
proved this, thus removing the need for ladders. This is very easily understood if
one looks at the physical restraints. Elevation of Copco reservoir is listed as 2605
feet while the reservoir surface for J. C. Boyle reservoir is listed as 3795 feet. A
difference of 1191 feet in 26 river miles. A very steep gradient for fish that have just
completed swimming upstream in a swift river for 200 miles. Besides that a river
channel that steep would be devoid of any bedding gravels and most likely would
consist of rapids and deep holes in the bedrock,

Itis my understanding that river releases from the power dams in question have
been modifies in response to directives from the National Marine Fisheries Agenc
to benefit fish runs which, as a result, restricts efficient generation of available
power capability. And, also, I am aware of required releases in addition to the
regular requirements for specific fish problems such as fish diseases and efforts to
sweep certain river sections free from some troublesome biota. All of this sharply
impacts the ability of the Power Company to economically operate the dams and
power facilities. When these dams are gone and extra water is requested by the
fisheries people, where will that water come from? It seems logical that federal



fingers will be pointed upstream to the upper basin and demanding water presently
needed to accomnmodate the irrigation demand.

In view of the above, you really have no moral nor ethical way to go except to
determine major and unacceptable environmental impact to the mid-Klamath river
region with removal of the power dams included in your study.

ThapkXou

Glen Briggs =~/ /
Civil Engineer, Retired

U.S. Bureau of Reclamation
1960 to 1887

2005 State Hwy 96
Seiad Valley, Ca.
96086

(530) 496-3343

Copy To:

Richard Marshall

President

Siskiyou County Water Users Association
P. 0. Box 187

Fort Jones, Ca.

96032




