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My BackgroundMy Background

• Grew up on East coast (NYC metro); left East for 
good in 1970 (okay – one year in Atlanta in early 
1980s)

• Learned my water (hydrology) at U of AZ 
• Spent virtually entire adult life - since 1970 – living 

and working in arid West (AZ, NV, CA, NM)
• International work: Central America, South Caucasus, 

Central Asia, Egypt, Europe
• 501(c)(3): Ann Campana Judge Foundation 

(www.acjfoundation.org) – funds and undertakes 
water and sanitation projects in Central America

• Came to Oregon in May 2006
• Oregon: No water problems, right?



The Oregonian 
July 30, 2003

CANBY CONSIDERS FARM WELLS 
FOR WATER 
As demand starts to outstrip the capacity of the 
Molalla River, the town seeks other sources
As subdivisions continue to crop up and demand 
for water increases, the city may take an unusual 
step to stretch its water supply.
Canby Utility, which provides the town's water, 
sewer and electric service, may start using old 
agricultural wells to augment the Molalla River, 
the city's sole water supply.
"While the river served us well and it's been 
reliable,

The Oregonian 
July 22, 2003
SIGN OF A DRY SUMMER: 
EARLIEST TAPPING OF WELLS IN 
PORTLAND IN 18 YEARS 
Starting today, many Water Bureau customers will 
receive a 60-40 blend of Bull Run and well water
Portland will begin tapping its Columbia River 
well fields today to supplement water from the 
Bull Run reservoirs, the earliest the city has 
switched on the wells as a summer backup in 18 
years.
City officials say the potential for a hot and dry 
summer make it prudent to pump the wells now. A 
hot June, water releases for endangered fish, and 
increased water use in the growing

The Oregonian 
June 7, 2003
DEAL WILL MEAN HOOD RIVER 
DAM REMOVAL 
PacifiCorp can operate Powerdale until 2010 with 
water flow and turbine restrictions
PacifiCorp will remove an aging Hood River dam 
in 2010, restoring natural river flows for chinook
salmon and other fish under an agreement 
announced Friday in Salem.
The Powerdale Dam, built in 1923, diverted as 
much as 80 percent of the river's flow through a 
three-mile channel before returning it near the 
river's mouth on the Columbia. It posed a 
significant threat to migrating fish

The Oregonian 
April 11, 2003
COMPETING WATER DEMANDS 
THREATEN KLAMATH 
The Klamath and Snake rivers are among the 10 
most-endangered as rated by American Rivers
A national conservation group rated the Klamath 
River the second most endangered river in the 
United States on Thursday, as the Bureau of 
Reclamation released a Klamath Project operations 
plan that will keep the river and national wildlife 
refuges drier than usual.
Farmers in the Klamath Project will get close to 
their normal supply of water, although water 
officials urged them to make the

The Oregonian 
March 20, 2003
SALMON PROPONENTS DECRY 
PLAN TO DRAW MORE STREAM 
WATER 
Supporters of the proposal say it is essential for 
avoiding a potential water shortage in Lincoln City
An Oregon coast community's attempt to tap more 
stream water for potential growth has come under 
attack from opponents who say one of the coast's 
most productive salmon spawning creeks would be 
harmed.
The outcome could set a lasting precedent for other 
towns seeking to lock up historic water rights --
issued decades ago but never developed -- that 
have legal priority

The Oregonian 
November 5, 2002
RIVERS AT RECORD LOWS AFTER 
DRY SUMMER, FALL 
Climatologists are expecting winter storms by the 
end of the week to start bringing in a season's 
worth of new moisture
A near-rainless October, following a parched 
summer and early fall, has drained more than 20 
percent of the rivers in Oregon and Washington to 
record lows for this time of year. The collapse of 
water supply in these rivers stalls, and in some 
cases traps, migrating salmon and stresses 
municipal water systems.
Meteorologists, however, expect persistent fall

The Oregonian 
June 27, 2002
PORTLAND CLIMATE FORECAST 
PREDICTS SOARING WATER 
DEMAND BY 2040 
A study conducted for city officials warns that 
warmer and drier weather in the future could affect 
supplies
Climate research by the University of Washington 
offers a glimpse of what summer could be like in 
the Portland area by the year 2040:
* It's warm. Average temperatures could rise by as 
much as 3.6 degrees Fahrenheit.
* The dry season lasts longer, and everybody's 
thirsty. Warmer temperatures could drive a 
parched Portland's water consumption up by as

The Oregonian 
June 18, 2002
WEST WAGES 100-YEAR WAR 
OVER WATER
Questions arise about the role of the Reclamation 
Bureau in the Klamath Basin and elsewhere
No federal agency has likely changed the face of 
the West as much as the U.S. Bureau of 
Reclamation.
Its monumental dams were the West's early 
skyscrapers, the largest ever built at the time. They 
corralled such mighty rivers as the Columbia and 
Colorado, turned brown deserts into green 
croplands and generated cheap power for a rapidly 
growing society.
But as the bureau touched 

The Oregonian 
April 12, 2002
TUALATIN WATER FUTURE: 
CHALLENGE FOR DEMOCRACY We 
who live in Tualatin have a right-to-vote issue on 
the May election ballot. We have the opportunity 
to vote yes on ballot Measure 34-46 for a charter 
amendment.
This amendment would allow us to vote for or 
against the use of Willamette River water in our 
municipal water system if the City Council again 
tries to bring it to our city. We citizens urgently 
need the charter amendment for our own 
protection.
Why is that? One reason is that the ad hoc future 
water supply committee is

The Oregonian 
February 27, 2002
WELLS IN CALIFORNIA THREATEN 
TO LEAVE OREGON TOWN DRY 
Irrigation wells dug for farmers are drawing from 
the same underground reservoir that serves Malin
The struggle for water in the Klamath Basin has 
gone underground, as huge new irrigation wells in 
California have extracted water from beneath 
Oregon and placed the supply of a small Oregon 
farm town in jeopardy.
Neither Oregon nor California water managers 
know just what to do about it. Neither can control 
or remedy what goes across the state line. And 
town leaders in Malin, a

The Oregonian 
February 3, 2002
ANOTHER WATER BATTLE, 
ANOTHER PART OF OREGON
Fast-growing Central Oregon expects supplies for 
newcomers to run dry, but farmers and their 
reserves -- in contrast to the Klamath crisis -- could 
help save the day
If the crisis in the Klamath over water rights and 
endangered species grabbed your attention last 
year, consider this for a sequel:
The government shuts off new water rights to 
cities in Central Oregon, the fastest-growing region 
in the state -- a 54 percent population increase in 
the past decade. Bend and Redmond

The Oregonian 
January 3, 2002
TIGARD, PARCHED FOR OWN 
WATER, TRIES AQUIFER STORAGE 
SYSTEM 
Beaverton and the Tualatin River Water District 
have also received licenses for the system
Just a few doors away from the John Tigard 
Museum House -- one of the area's oldest buildings 
preserving the city's past -- stands a small concrete 
structure, one of the area's newest buildings, 
holding the city's future.
Inside the one-story, windowless structure the size 
of a large walk-in closet sit powerful pumps and 
the ends of pipes that will go 600 feet down tos

The Oregonian 
February 21, 1996
COUNTY IN SHAMBLES AFTER 
FLOOD
Chaos reigns while workers try to restore lost 
services, and officials speculate that the high cost 
of repair may overtax the ability to pay
By Thursday, Clackamas County workers who had 
traded in their computers and note pads for brooms 
and shovels hope to be back to serving the public.
But their days will be anything but normal. Count 
on chaos for a while.
The first floor of the county's Transportation and 
Development Department complex at 902 
Abernethy Road was
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•Climate: Columbia and Colorado
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•Conflict & Cooperation: Kura-Araks,

Umatilla Basin
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The Hydrologic Cycle
(courtesy R. Glennon)









Scarcity: <1000 m3/person/year

Stress:  1000-2000 m3/person/year

Abundance: > 2000 m3/person/year





Virtual WaterVirtual Water
Amount of water embedded in food Amount of water embedded in food 

or other products that is needed or other products that is needed 
for productionfor production

Pair of jeans: 2,900 gallonsPair of jeans: 2,900 gallons
Ton of wheat: 300,000 gallonsTon of wheat: 300,000 gallons
Cotton shirt: 2,500 gallonsCotton shirt: 2,500 gallons
Pound of beef: 1,800 gallonsPound of beef: 1,800 gallons
Car: 105,000 Car: 105,000 –– 250,000 gallons250,000 gallons
House: 1,500,000 gallonsHouse: 1,500,000 gallons



The 4C’sThe 4CThe 4C’’ss



CLIMATE
“The climate system is an 
angry beast, and we are 
poking at it with sticks.”

-- Wallace Broecker, 
Columbia University
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CONFLICT

“Whisky’s for drinkin’, water’s for 
fightin’ over.” – Mark Twain
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““WhiskyWhisky’’s for s for drinkindrinkin’’, water, water’’s for s for 
fightinfightin’’ over.over.”” –– Mark TwainMark Twain



COOPERATION
“One hand washes the other, 
and both wash the face.” –

translation of a Spanish proverb 
on cooperation
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CARING
“Agua es vida.”
“Water is life.”

--New Mexico acequia proverb
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CLIMATE
“Climate is what you 

expect, weather is what you 
get.” – Mark Twain

CLIMATE
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Science Article (2/20/04)
Global Warming in the West

Science Article (2/20/04)
Global Warming in the West



Columbia River Basin
“Civilization exists by 

geological consent, subject 
to change without notice.”

-- Will Durant

Columbia River Basin
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Columbia River BasinColumbia River Basin

Red dotsRed dots = Corps= Corps
of Engineers damsof Engineers dams

Yellow dotsYellow dots = Other= Other
damsdams

Population:Population:
7 million7 million

AverageAverage
Annual Discharge:Annual Discharge:
200 MAF/year or200 MAF/year or
125 million 125 million gpmgpm
(at mouth)(at mouth)

Area:Area: 260 000 mi260 000 mi22



Columbia Basin Water IssuesColumbia Basin Water Issues
• Environmental flows
• Other competing uses: irrigation, municipal 

and industrial (M&I), recreation, power 
generation, waste dilution, Native American 
water rights, energy production (biofuels), 
storage for flood control

• Nonrenewable ground water use
• Water quality
• Transboundary water issues (treaty with 

Canada, etc.)
• Effects of climate change – loss of 

snowpack storage
• Hydroelectric energy production – 60% of 

region’s electric power



Early Snowmelt – A Problem?Early Snowmelt – A Problem?

•• More storage may be neededMore storage may be needed

•• Impacts water supply and power Impacts water supply and power 
generationgeneration

•• Will affect ecosystemsWill affect ecosystems

•• Dilution of wastes (water quality Dilution of wastes (water quality 
considerations)considerations)

•• More intense fire seasons?More intense fire seasons?

•• Earlier floods, mudslides?Earlier floods, mudslides?



Streamflow – McKenzie River (1948-52, 2001-05, Future)

from Jefferson et al., submitted to Hydrological Proc.

Peak flow has shifted from spring into winter –
possible flood hazard

Decline begins earlier and summer flows are lower



Mt. Hood Glaciers
(courtesy Anne Nolin, OSU)

Mt. Hood Glaciers
(courtesy Anne Nolin, OSU)

Glaciers have 
retreated as much 
as 61% over the 
past century
Eliot Glacier 
retreat, 1740-2000
Dr. Anne Nolin 
(OSU) is 
measuring and 
modeling the 
glacier meltwater 
contributions to 
Upper Hood river

Retreat of the Eliot Glacier: 1740-2000





Colorado River Basin
“Westerners call what they 

have established out here a 
civilization but it would be 
more accurate to call it a 

beachhead.”
-- Marc Reisner, Cadillac Desert
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Colorado River Basin - FactsColorado River Basin - Facts

Area: 245 000 miArea: 245 000 mi22

•• Mean discharge: 14.5 MAF/yearMean discharge: 14.5 MAF/year
•• Main stem: 1 450 mi in lengthMain stem: 1 450 mi in length
•• LongLong--term (treeterm (tree--ring data) mean ring data) mean 

discharge may be 12 MAF/yeardischarge may be 12 MAF/year
•• Southern part of basin: 7Southern part of basin: 7--year year 

droughtdrought



Colorado River Basin Colorado River Basin 
Governed by compact among 7 states (1922) Governed by compact among 7 states (1922) 
and treaty with Mexico (1944)and treaty with Mexico (1944)
Compact allocated water using flows that Compact allocated water using flows that 
were abnormally high (mean 16 vs. 14.5 were abnormally high (mean 16 vs. 14.5 
MAF/y MAF/y –– based on wet years, 1890based on wet years, 1890--1920)1920)
LongLong--term mean flow may be only 12 MAF/yterm mean flow may be only 12 MAF/y
Cannot renegotiate compact unless all Cannot renegotiate compact unless all 
parties agree (unlikely)parties agree (unlikely)
Drought in southern basin past 7 yearsDrought in southern basin past 7 years
TreeTree--ring data: evidence of 60ring data: evidence of 60--year long year long 
““megadroughtsmegadroughts”” in southern basinin southern basin
Energy development: water use?Energy development: water use?



Western Water ObservationsWestern Water Observations
Western water needs will be difficult to meet Western water needs will be difficult to meet 

even without global warming even without global warming -- too little oo little 
water, too many needs.water, too many needs.

Environmental flows are a contentious issue Environmental flows are a contentious issue 
and will not and will not ““go awaygo away””

LandLand--use planning, water quantity, and water use planning, water quantity, and water 
quality are not integratedquality are not integrated

States are suspicious of Federal governmentStates are suspicious of Federal government’’s s 
rolerole

Energy development Energy development –– water requirements?water requirements?
Pumping more ground water is not a longPumping more ground water is not a long--term term 

solutionsolution
Indian water rights Indian water rights –– not entirely quantifiednot entirely quantified
More conflictMore conflict



SolutionsSolutions

Water marketing Water marketing –– transfer of water rights from one use transfer of water rights from one use 
to another use. Example: agricultural water rights to another use. Example: agricultural water rights 
sold/leased to urban userssold/leased to urban users

Water reuse, conservation, recycling, more efficient Water reuse, conservation, recycling, more efficient 
agricultureagriculture

More subsurface storageMore subsurface storage
Integrate landIntegrate land--use planning, water quantity, and water use planning, water quantity, and water 

qualityquality
Revisit compacts, prior appropriation; increase Revisit compacts, prior appropriation; increase 

flexibilityflexibility
Desalination Desalination –– sea water, brackish ground watersea water, brackish ground water
Regional water authorities Regional water authorities –– cross traditional cross traditional 

jurisdictional boundariesjurisdictional boundaries
EducationEducation



Aquifer Storage and RecoveryAquifer Storage and RecoveryAquifer Storage and Recovery



Extreme SolutionsExtreme Solutions
Water rationing Water rationing –– water water ““debit cardsdebit cards”” issued to issued to 

everyoneeveryone
Regional water governance Regional water governance –– will cut across will cut across 

current political boundaries.current political boundaries.
Limit population by lawLimit population by law
Federal government preempts state/local Federal government preempts state/local 

control (control (watermasterswatermasters, , ““water czarswater czars””))
LargeLarge--scale importation schemes: Western scale importation schemes: Western 

Canada, Great Lakes, AlaskaCanada, Great Lakes, Alaska
OutmigrationOutmigration to eastern USA (to eastern USA (““rustrust--beltbelt”” cities cities 

gain population): gain population): Detroit, Cleveland, Detroit, Cleveland, 
Milwaukee, Toledo, Buffalo, etcMilwaukee, Toledo, Buffalo, etc. . Maybe to Maybe to 
Pacific Northwest!Pacific Northwest!



PNW Climate Refugees?PNW Climate Refugees?
Hello, 

We live in Northern California in a small town (St. 
Helena) in the Napa Valley. There has been little 
planning here for either water use/supplies for the 
future or global warming. We are looking to move to a 
place that has and will have water. We also want a 
local economy that produces food and a place where 
we can garden and grow our own. 

We have been looking at climate maps and water 
maps endlessly but no one source seems to lead to 
an answer. We would love to stay in CA but we realize 
that CA, especially Northern CA has no plan to 
capture the excess rain water that we will be 
expecting. We want a walking community so that cars 
are not a necessity. We are in our 50's and 60's 
respectively and hopefully can find a place to settle 
for the long haul. Any suggestions?

Yes Yes –– take Itake I--5 north and don5 north and don’’t stop till you reach British t stop till you reach British 
Columbia.Columbia.







CONFLICT

“The optimist learns English. The 
pessimist learns Chinese. The 
realist learns Kalashnikov.”

-- Dr. A. Saghatelyan, Armenia
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Who Said This and When?Who Said This and When?
““You are piling up a heritage of You are piling up a heritage of 

conflict and litigation over conflict and litigation over 
water rights for there is not water rights for there is not 
sufficient water to supply the sufficient water to supply the 
land.land.””

---- John Wesley Powell, 1893John Wesley Powell, 1893





Klamath BasinKlamath Basin

Upper Klamath Basin



Klamath BasinKlamath Basin
““Whether the measure used is the size of Whether the measure used is the size of 

salmon runs, the state of the Basinsalmon runs, the state of the Basin’’s water s water 
quality or the amount of water flowing in quality or the amount of water flowing in 
Klamath River Basin streams and rivers, the Klamath River Basin streams and rivers, the 
2020--year effort to restore the Klamath River year effort to restore the Klamath River 
and its fisheries has failed. Salmon runs now and its fisheries has failed. Salmon runs now 
are at greater risk of extinction, fishing is are at greater risk of extinction, fishing is 
more restricted and water quality is more more restricted and water quality is more 
degraded than when degraded than when ‘‘restorationrestoration’’ began in began in 
earnest 20 years agoearnest 20 years ago…”…”

--Klamath Falls Herald and News, 9 Nov. 2006



Water Conflict: “The more things change, the 
more they remain the same.”

(courtesy: duckboy.com)

Water Conflict: “The more things change, the 
more they remain the same.”

(courtesy: duckboy.com)



The Golden Arches Theory 
of Conflict Prevention

The Golden Arches Theory The Golden Arches Theory 
of Conflict Preventionof Conflict Prevention

““No two countries that have No two countries that have 
McDonaldMcDonald’’s have gone to s have gone to 
war with each other since war with each other since 
each got its McDonaldeach got its McDonald’’s.s.””

---- Thomas L. FriedmanThomas L. Friedman



263 International River Basins263 International River Basins



Conflict/Cooperation - International Water 
Basins (Wolf et al., 2003)

Conflict/Cooperation - International Water 
Basins (Wolf et al., 2003)



Number of Media Reported Events in Oregon 
along a Cooperation- Conflict Spectrum 

from 1990 to 2004

Number of Media Reported Events in Oregon 
along a Cooperation- Conflict Spectrum 

from 1990 to 2004

Source: Fesler, K. (2006) [Analysis of social interactions concerning 
Oregon’s water resources between 1990 and 2004.] Unpublished Data.
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Number 
of Events 
(n= 384)

Hostility- Small scale acts of police force,
violence or threats

Litigation- Judicial intervention or
management group dissolution

Dispute- Cooperative group meltdown or
regulatory action

Disagreement- Roadblock or temporary
failure of settlement or project progress

Difference- Voicing opinions of opposition

Neutral- Action does not increase or
decrease conflictive intensity

Similarity- Voicing opinions of approval

Agreement- Progress in stakeholder
agreements and minor project support

Assent- Cooperative group progress,
preliminary sttlement agreement and
regulatory compliance
Alliance- Legally binding cooperative
actions like lawsuit settlements and
regulation approvals
Solidarity- State bill passage, compact
agreements and management group
formation



2500 BCE

2006 CE



COOPERATION
“We may have all come on 
different ships, but we're in 

the same boat now.”
-- Dr. Martin Luther King, Jr.
“We are not put on this 

earth to see through one 
another, but to see one 

another through.”
-- Unknown
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Communities Organize And Address 
Problems – Umatilla Basin

Communities Organize And Address Communities Organize And Address 
Problems Problems –– Umatilla BasinUmatilla Basin





South Caucasus and Central AsiaSouth Caucasus and Central Asia



Why Should We Care?
AGO: Altruism, Gas, & Oil

Why Should We Care?
AGO: Altruism, Gas, & Oil



South Caucasus: Kura-Araks Basin



•Water resource problems could 
threaten the stability of the region.
•Azerbaijan is especially vulnerable 
to these problems as it is farthest 
downstream and relies on the 
Kura-Araks for over 50% of its 
drinking water and about 60% of 
its water for agriculture 
production.

Kura-Araks: Transboundary
River Basin – Water Problems
Kura-Araks: Transboundary

River Basin – Water Problems



CARING
“There is enough water 
for human need but not 

for human greed.”
--Gandhi

CARINGCARING
“There is enough water 
for human need but not 

for human greed.”
--Gandhi



Some FactsSome Facts
““Over 1.1 billion people lack access to Over 1.1 billion people lack access to 

clean drinking water and almost 2.4 clean drinking water and almost 2.4 
billion people lack access to any billion people lack access to any 
kind of improved sanitation kind of improved sanitation 
services.services.”” -- World Health World Health 
Organization, 2000Organization, 2000..

““Every 8 seconds a child dies of a Every 8 seconds a child dies of a 
waterwater--related disease.related disease.”” –– WHO, WHO, 
1996, Fact Sheet 1121996, Fact Sheet 112..





got water?got water?
Job opening:Job opening: WaterWater--Carrier.Carrier.
Requirements:Requirements: must be able to balance must be able to balance 

45 pounds on your head while trekking 45 pounds on your head while trekking 
rocky dirt roads for miles.rocky dirt roads for miles.

Hours:Hours: up to 8 hours a dayup to 8 hours a day
Wages:Wages: $0$0

Only women and children need Only women and children need 
apply!apply!

(courtesy (courtesy www.nwpdrilling.comwww.nwpdrilling.com))





Millennium Development Millennium Development 
GoalsGoals

By 2015, reduce  by By 2015, reduce  by 50%50% the the 
number of people who do not have number of people who do not have 
access to safe drinking water or access to safe drinking water or 
sanitationsanitation
Requires that each day until 2015, Requires that each day until 2015, 
must provide safe drinking water to must provide safe drinking water to 
about about 250,000250,000 people and sanitary people and sanitary 
facilities to about facilities to about 500,000500,000 peoplepeople
Could do this for about Could do this for about $100B/year$100B/year



Hydrophilanthropy
Altruistic concern for the water, 
sanitation, and related needs of 
humankind, as manifested by 
donations of work, money, or 

resources. 
Hydrohumanity

Expression of kindness or 
benevolence by helping people 
meet their water, sanitation, and

related needs.
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http://www.aguadevida.org/



http://www.elporvenir.org/







MicrofinanceMicrofinance-- www.kiva.orgwww.kiva.org



Other HP GroupsOther HP Groups

LifewaterLifewater International International www.lifewater.orgwww.lifewater.org
Living WaterLiving Water http://water.cchttp://water.cc
Engineers Without BordersEngineers Without Borders
www.ewbwww.ewb--usa.orgusa.org
HydrogeologistsHydrogeologists Without BordersWithout Borders
www.hydrogeologistswithoutborders.orgwww.hydrogeologistswithoutborders.org
Water For PeopleWater For People
www.waterforpeople.orgwww.waterforpeople.org
WaterAidWaterAid www.wateraid.org/ukwww.wateraid.org/uk
Water Advocates (umbrella organization)Water Advocates (umbrella organization)
www.wateradvocates.orgwww.wateradvocates.org



Conflation & ConclusionConflation & Conclusion
Conflict Conflict over water looms aheadover water looms ahead
Climate changeClimate change can exacerbate those can exacerbate those 

conflictsconflicts
What can we do?What can we do?

CaringCaring can mitigate conflict, promote can mitigate conflict, promote 
Cooperation,Cooperation, and help the world deal and help the world deal 
with climate and other changeswith climate and other changes

HydrophilanthropyHydrophilanthropy:: we in the developed we in the developed 
world have a responsibility to world have a responsibility to make the make the 
world a better placeworld a better place



The Power To Do Good
“I really envy you guys. You have 
the power to keep people from 

getting sick. By the time I’m 
called in, it’s invariably too late.”

--A medical doctor, talking to 
some water professionals.
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IWWIWW
water.oregonstate.eduwater.oregonstate.edu

541 737 9918 541 737 9918 
aquadoc@oregonstate.eduaquadoc@oregonstate.edu

WaterWiredWaterWired blogblog::
www.typepad.com/waterwiredwww.typepad.com/waterwired

The Oregon Water List (TOWL):The Oregon Water List (TOWL):
lists.oregonstate.edulists.oregonstate.edu/mailman//mailman/

listinfo/oregonlistinfo/oregon--waterwater--listlist
““Be ashamed to die until you have won Be ashamed to die until you have won 

some victory for humanity.some victory for humanity.””
---- Horace MannHorace Mann


