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“We have met the enemy and he is us.”

Pogo strip from Earth Day, 1971.
Copyright 1971, 2005 OGPI 

Walt Kelly in his 
comic strip 
“Pogo”

Introduction

Salmon 2100 Project
Dr. Bob Lackey, EPA, Corvallis

Dr. Denise Lach, OSU

Dr. Sally Duncan, OSU

Cover art by Andy Everson

The project originated late one 
night in a Seattle hotel bar several 
years ago in response to the 
apparent dichotomy between the 
optimistic presentations at a major 
salmon conference during the day, 
and the pessimistic outlook 
expressed by the same people that 
evening. 
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2100 salmon forecast2100 salmon forecast
• GIVEN the 4 core policy drivers:

Rules of commerce

Scarce natural resources

Human population growth

Individual/collective priorities

THEN the most likely forecast:

Wild salmon will be reduced to 
remnant runs in CA, OR, WA, ID, and 
southern BC by 2100

2006
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Near consensus forecast —

Current recovery efforts overall have a low 

probability of successfully restoring or even 

sustaining wild salmon runs through 2100 in CA, 

OR, WA, ID, and southern BC

Most likely 
future

The Salmon 2100 
Question:

• What specific policies must be 

implemented in order to have a high 

probability of sustaining significant runs of 

wild salmon through 2100 in CA, OR, WA, 

ID, and southern BC?
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Salmon 2100 Project

23 policy prescriptions that could 
restore wild salmon

The book is now available, from AFS -
$27 for AFS members/$39 non-
members

www.afs.org

The Coming Energy Crisis

• “Early” (8,000-10,000 yr bp) agriculture increased energy 
availability 10 fold over hunter-gather society

• “Settled” agriculture increased energy availability another 
10 fold (eg. horses, oxen, windmills)

• Pre-1760’s society was largely agrarian

• “Industries” were dispersed among forests, as animals 
wood, coal and water power were the main energy sources
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• Since 1800 coal was the main energy source – start of the 
fossil fuel age, then oil in the 1900’s

• In essence, the Industrial Revolution was the substitution 
of inanimate energy for animate energy (e.g. steam 
engine vs. muscle)

• Development of the steam engine allowed energy (coal) 
to be mined and transported long distances, 

thus accelerating the growth of large cities, which were 
no longer dependent on distant forests and animals for 
biomass and animate energy – transformed society
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• The Industrial Revolution transformed society: 
Global energy use

1,25010,0002000
1008001900
312501800
Index (1900 = 100)M MT’s of oil equivalentsYear

Manchester, England 
("Cottonopolis"), pictured 
in 1840, showing the mass 
of factory chimneys (worlds 
1st industrial city).

Our Energy 
“Slaves”

The economic prosperity of the 20th Century was driven by cheap,
petroleum-based energy
· Everyone had the equivalent of several unpaid and unfed slaves to 
do their work 
· These slaves are now getting old and will not work much longer
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Oil consumption per capita

Proved oil reserves at end 2005
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Peak Oil or “Hubbert’s Peak”
The peak of discovery has to be followed by the peak of production.

How much is left?



10

•Most independent geologists believe there is ultimately 2 
trillion barrels of recoverable “conventional” oil

•We’re at the ½ way point now, 1 trillion barrels to go

•Sounds like there is lots remaining?

Oil reserves-to-production (R/P) ratios

World currently uses ~83 million barrels per day = 30.3 billion barrels 
per year ~33 years of oil left at current consumption rates
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By 2035 the global demand for oil is expected to jump from 83 million 
barrels per day to 140 millions barrels.  

Natural gas consumption is predicted to increase by 120% 

Coal consumption is predicted to increase by 60%. 

•World consumption is increasing sharply: China, India and the 
US, so conventional hydrocarbons will be depleted much sooner –
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leads to extraction + consumption of non-conventional hydrocarbons

Two US Presidents 
attempted to deal with 
the 1973-74 and 1979 
oil/energy crisis, but 
both failed: 

Richard Nixon due to 
the Watergate, and 
Jimmy Carter due to 
the Iranian Revolution, 
US Embassy Hostage 
Crisis and failed 
hostage rescue attempt
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More drilling doesn’t help – most large 
oil fields have already been located

Alternate energy sources

US example:

Only 7 % 
from 
renewable 
energy 
sources
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Non-conventional hydrocarbons will only 
delay the inevitable
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The Coming Energy Crisis

CNBC TV 
FREE VIDEO 

 
 

• Cheney worried by oil 
Vice President Dick Cheney says 'there's no 
question that energy is a problem, and oil in 
particular.' 

CNBC 

Rising oil an 
economic worry, 
Cheney says 
In exclusive interview, 
VP discusses energy, Social 
Security 

CNBC 

Updated: 1:40 a.m. ET March 19, 2005 

WASHINGTON - Vice President Dick Cheney said Friday he is worried 
about record-high crude oil prices, now close to $60 a barrel, and the 
possibility of slower economic growth as a result. 

 

Automotive News 

J. Pat Carter / AP

Record-high gas prices 
seen rising further 
But adjusted for inflation, 
nowhere near highest ever 
The average retail price for regular unleaded gasoline hit a 
record high of $2.109 a gallon, the government said 
Monday, up 5.3 cents over the last week. 

MSNBC News Services 

Updated: 5:16 p.m. ET March 21, 2005 

It’s getting more painful at the pump and more sticker shock is likely 
in the coming days and weeks. 

The average retail price for regular unleaded gasoline hit a record 
high of $2.109 a gallon, the U.S. Energy Information Administration 
said Monday, up 5.3 cents over the last week and up 37 cents from a 
year ago. The previous record price was $2.064 a gallon set last May. 

If that isn’t bad enough for motorists, the Energy Department’s 
analytical arm said the pump price will climb above $2.15 a gallon 
later this spring. That’s still a long way shy of the most expensive 
gasoline when adjusted for inflation -- $3.08 a gallon recorded in 
March 1981. 

President Bush said Monday he was concerned that consumers are 
“paying more at the pump,” but offered no short-solutions to bring 
down gasoline costs. 

 

The Coming Energy Crisis

Oil & Energy News 

Raheb Homavandi / Reuters

OPEC says  
it has lost control  
of oil prices 
Cartel producers say they can't  
keep up with strong global demand 
Saudi Arabian Oil Minister Ali al-Naimi talks to reporters at this 
week's OPEC meeting in Iran. 

By John W. Schoen  

Senior Producer 

MSNBC 

Updated: 4:13 p.m. ET March 16, 2005 

Despite a pledge by OPEC ministers to increase oil production, don't 
expect much of a break on oil prices. With crude oil prices hitting a 
record $56 a barrel Wednesday, OPEC ministers meeting in Iran have 
been grappling with a problem they haven’t confronted in the cartel’s 
45-year history. In the past, OPEC tried to cool overheated prices by 
pumping more when supplies got too tight. But most OPEC producers 
say they’re already pumping as fast as they can. And despite the high 
cost of a barrel of crude, world demand shows no signs of slowing. 

 

Surging oil prices could blunt economic 
growth 
Growth still steady, but rising energy cost has potential to harm 

 
Peter Foley / EPA via Sipa Press

Crude oil contracts on the New York Mercantile Exchange topped $56 a 
barrel this week and are up 50 percent from year-ago levels. 

 

By Martin Wolk 

Chief economics correspondent 

MSNBC 

Updated: 7:38 p.m. ET March 18, 2005 

Surging oil prices helped send the economy into a nerve-wracking 
“soft patch” in 2004 and could do it again this year if they rise much 
higher from current record levels. 
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Worst case scenario

One estimate predicts the 
global population will 
decline to 2 billion, as the 
global food production 
network, which is based 
on cheap fossil fuel 
energy and fertilizer, 
collapses.

The Olduvai Theory
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Climate change and greenhouse gases



18

Today’s atmospheric 
CO2 concentration 
has not been 
exceeded during the 
past 420,000 years 
and likely not during 
the past 20 million 
years. The rate of 
increase over the past 
century is 
unprecedented, at 
least during the past 
20,000 years
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IPCC Fourth Assessment Report
The Working Group I report was published on February 2, 2007.  
The key conclusions:

Global warming is occurring 

The probability that this is caused by natural climatic processes is 
less than 5% 

The probability that this is caused by human emissions of greenhouse 
gases is over 90% 

World temperatures will probably rise by 1.8 to 4°C (3.25 to 7.2°F) 
during the 21st century. 

IPCC Fourth Assessment Report

Sea levels will probably rise by 28 to 43cm (11 to 17 inches) 

It is more than 66% certain that there will be an increase in droughts, 
tropical cyclones and extreme high tides. 

Both past and future anthropogenic carbon dioxide emissions will
continue to contribute to warming and sea level rise for more than a 
millennium. 
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Principal strategy:

1. Creation of an area-wide network of salmon sanctuaries for 
selected salmon stocks and populations

i.e., an insurance policy for key stocks and critical habitat

Policy prescriptions
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Rationale:

Habitat loss associated 
with ongoing industrial 
activities and expanding 
human populations is 
incompatible with the long 
term survival of wild 
salmon 

The Russians get it!

Category 1 – Wild Salmon Refugia:

Salmon stocks in this category inhabit large, essentially intact habitat units in 
remote wilderness areas with minimal consumptive use.  The land base is 
likely government (Federal, State or Provincial) with minimal private 
holdings. 

Category 2 – Wild Salmon Reserves:

Salmon stocks in this category inhabit large, partially fragmented habitat units 
in rural areas with a mixture of primary resource extraction.  The land 
base is a mixture of Federal, State, County, Provincial and municipal, 
with some private holdings. 
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Category 3 – Mixed Use Salmon Watersheds:

Salmon stocks in this category inhabit medium sized, fragmented habitat units 
in rural and suburban residential areas with a mixture of light to medium 
industrial, agriculture and housing densities (2.5 –30 residents ha-1).  The 
land base is a mixture of County, regional government, and municipal 
ownership, with considerable private holdings. 

Category 4 – Urban Salmon Watersheds
Salmon stocks in this category inhabit small, fragmented watersheds in 

suburban and urban residential areas with a mixture of medium to heavy 
industry and housing densities (30 –100 residents ha-1).  The land base is 
mainly municipal and private. 

2. Transfer government owned land and associated water 
licenses to non-profit “Salmon Societies.”
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Rationale:

Ownership by non-profit, publicly accountable stewardship 
societies is the safest long term strategy for the protection of
salmon; 

A variety of economic activities will be encouraged in these 
watersheds, with the objective of maximizing the economic 
return on investment, with the proviso that salmon protection 
and conservation is the preeminent policy objective. 

Some explanations:

1. Society may be incapable or unwilling to undertake salmon 
protection and recovery projects when energy shortages and 
climate change impacts occur in the next decades;

2. This strategy will focus efforts on protecting key Conservation
Units via carefully selected habitat purchases, including 
estuaries and water licenses;

3. Decisions on which Conservation Units to protect will be made 
on the basis of stock status and which genotypic and 
phenotypic characteristics meet the requirements of a “viable 
ESU” (ISRP 2005). 
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4. Populations at the extreme range of their distribution would 
receive priority protection only if they are truly unique 
populations;

5. Progressive tax penalties and credits would be introduced to 
encourage society to protect salmon and their habitat;

6. A stock that is certain to become extinct regardless of massive 
intervention efforts because it has declined below a minimum 
viable population size or the habitat has experienced irreparable 
damage will not receive priority attention = salmon triage;

7. Hatcheries that are demonstrated to be weakening the long term 
survival of a priority wild stock (e.g., genetic introgression, 
disease introduction) will be closed if the hatchery operations 
cannot be modified to protect the wild stock;

8. Limit harvest to low exploitation rates, minimize/eliminate 
mixed stock fisheries

Note: this “insurance” strategy will not be effective if GHG 
emissions are not stabilized, and significantly reduced (~ 90%) 
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1. Complete a California and Pacific Northwest genetic 
relatedness map for all salmon stocks.  The data gaps should 
be addressed, and public dialogue initiated to determine which 
Conservation Units should be used to determine the stocks for 
each category.  

2. Produce detailed Geographic Information System (GIS) maps 
of all salmon watersheds, and overlay these maps with the 
salmon Conservation Units database. This information must 
be combined into a single database to avoid duplication, then 
public dialogue should be initiated to classify the salmon 
watersheds into Categories 1 through 4.

The first 4 steps:

3. Write and pass legislation to enact the salmon user fees, tax 
incentives and the various land use regulations that have been 
determined for each of the four categories.  

4. Begin the transfer of Federal, State and Provincially owned 
land and the purchase of critical private land and water 
licenses to establish sufficient refugia, reserves and mixed use
watersheds before any societal disruptions occur due to 
decreasing availability and increasing costs of conventional 
oil and gas.
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Immediate action items
1. North American society should begin 

paying the true cost of fossil fuels 
(gasoline, diesel fuel, heating oil and 
natural gas) through a series of 
orderly price increases, and initiate 
an intensive conservation and energy 
efficiency program.  

Orderly price increase will stimulate 
interest in conservation and energy 
efficiency, which is the most cost-
effective response to increasing 
energy costs.  

Alternate energy sources It will be 
exceptionally 
difficult to 
replace the 
energy derived 
from fossil fuels 
with alternate 
energy sources

Start with 
conservation 
and 
efficiency!
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2. Given the potential threat that open net-pen aquaculture poses to 
wild salmon through amplification of sea lice, these operations 
should be fallowed during spring smolt migrations, moved to land-
based systems, or converted to closed-pen aquaculture until the sea 
lice threat to wild salmon can be unequivocally resolved. 

3. Given the likelihood that existing and future hydroelectric 
energy generation facilities will remain the only large-scale 
sustainable energy source in the Pacific Northwest, greatly 
increased efforts must be directed at resolving upstream and 
downstream passage for juvenile and adult salmon. 
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Conclusions
1. The coming energy crisis and climate change will likely 

cause major societal destabilization in many parts of North 
America;

2. Salmon refugia/reserves need to be created now, as society 
will loose interest or not be capable of caring for wild salmon 
during the energy and climate change crisis;

3. A network of refugia and reserves controlled by accountable, 
non-profit organizations is the safest strategy – can you trust 
Government?

Conclusions
4. If alternate hydrocarbon sources (coal, oil shale) are used to 

replace oil and gas (without carbon dioxide sequestering), 
then climate change will negate the refugia strategy, and 
most salmon south of Alaska will become remnant 
populations by 2100;

5. North America needs to go on an energy diet, on a scale 
similar to the Manhattan Project of WW II – 90% reduction;

6. Be aware of which watershed category (i.e., 1-4) you are 
spending your time and efforts!

“We have met the enemy and he is us” – no need to look any 
further.
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What we’ve already lost…

June 
“hogs”

from the 
Columbia 

River

Suggested readings on energy and climate:
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2004 Massey Award

“The great advantage we have, 
our best chance for avoiding 
the fate of past societies, is 
that we know about these past 
societies.  We can see how and 
why they went wrong.  Homo 
sapiens has the information to 
know itself for what it is: an 
Ice Age hunter only half 
evolved towards intelligence; 
clever but seldom wise.”
(Massey, 2004)

Thank-you for listening and thinking….


