This is from an employee at the Lake Simcoe Conservation Foundation.

Oceans are in trouble, too:
PNAS paper titled "Ecological extinction and evolution in the brave new ocean":

The great mass extinctions of the fossil record were a major creative force that provided entirely
new kinds of opportunities for the subsequent explosive evolution and diversification of
surviving clades. Today, the synergistic effects of human impacts are laying the groundwork for
a comparably great Anthropocene mass extinction in the oceans with unknown ecological and
evolutionary consequences. Synergistic effects of habitat destruction, overfishing, introduced
species, warming, acidification, toxins, and massive runoff of nutrients are transforming once
complex ecosystems like coral reefs and kelp forests into monotonous level bottoms,
transforming clear and productive coastal seas into anoxic dead zones, and transforming
complex food webs topped by big animals into simplified, microbially dominated ecosystems
with boom and bust cycles of toxic dinoflagellate blooms, jellyfish, and disease. Rates of change
are increasingly fast and nonlinear with sudden phase shifts to novel alternative community
states. We can only guess at the kinds of organisms that will benefit from this mayhem that is
radically altering the selective seascape far beyond the consequences of fishing or warming
alone. The prospects are especially bleak for animals and plants compared with metabolically
flexible microbes and algae. Halting and ultimately reversing these trends will require rapid and
fundamental changes in fisheries, agricultural practice, and the emissions of greenhouse gases
on a global scale. http://www.pnas.org/content/105/suppl.1/11458.full or
http://www.pnas.org/content/105/suppl.1/11458.full.pdf+html

WP story on a much discussed study on human impacts on the Oceans ("Study Finds Humans'
Effect on Oceans Comprehensive"):

Human activities are affecting every square mile of the world's oceans, according to a study by a
team of American, British and Canadian researchers who mapped the severity of the effects
from pole to pole. The analysis of 17 global data sets, led by Benjamin S. Halpern of the National
Center for Ecological Analysis and Synthesis in Santa Barbara, Calif., details how humans are
reshaping the seas through overfishing, air and water pollution, commercial shipping and other
activities. The study, published online yesterday by the journal Science, examines those effects
on nearly two dozen marine ecosystems, including coral reefs and continental shelves. "For the
first time we can see where some of the most threatened marine ecosystems are and what
might be degrading them," Elizabeth Selig, a doctoral candidate at the University of North
Carolina at Chapel Hill and a co-author, said in a statement. "This information enables us to
tailor strategies and set priorities for ecosystem management. And it shows that while local
efforts are important, we also need to be thinking about global solutions." The team of scientists
analyzed factors that included warming ocean temperatures because of greenhouse gas
emissions, nutrient runoff and fishing. They found that the areas under the most stress are "the
North and Norwegian seas, South and East China seas, Eastern Caribbean, North American
eastern seaboard, Mediterranean, Persian Gulf, Bering Sea, and the waters around Sri Lanka."
Some marine ecosystems are under acute pressure, the scientists concluded, including sea
mounts, mangrove swamps, sea grass and coral reefs. Almost half of all coral reefs, they wrote,
"experience medium high to very high impact" from humans. Overall, rising ocean temperatures
represent the biggest threat to marine ecosystems. http://www.washingtonpost.com/wp-
dyn/content/article/2008/02/14/AR2008021401992 pf.html
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NYT story on how chemical fertilizers are key to feeding the world while at the same time
they're destroying parts of the ocean ("Shortages Threaten Farmers' Key Tool: Fertilizer"):
Environmental groups fear increased use, particularly of nitrogen fertilizer made using fossil
fuels. Because plants do not absorb all the nitrogen, much of it leaches into streams and
groundwater. That runoff has long been recognized as a major pollution problem, and it is
growing. A barometer of the pollution is the rising number of dead zones where rivers meet the
sea. In the Gulf of Mexico, for instance, nitrogen runoff from fields in the Corn Belt washes
downstream and feeds plant life in the gulf. The algae blooms suck oxygen from the water,
killing other marine life. More than 400 dead zones have been identified, from the coasts of
China to the Chesapeake Bay, and the primary reason is agricultural runoff, said Robert J. Diaz, a
professor at the Virginia Institute of Marine Science. "Nitrogen is nitrogen," Professor Diaz said.
"If it's on land, it produces corn. If it gets in the water, it produces algae." This month, a United
Nations panel called for changes in agricultural practices to make them less damaging. The panel
recommended techniques that offer some of the same benefits as chemical fertilizer, like
increased crop rotation with legumes that naturally add some nitrogen to the soil. But others
say those approaches, while helpful, will be not be enough to meet the world's rapidly rising
demand for food and biofuel. "This is a basic problem, to feed 6.6 billion people," said Norman
Borlaug, an American scientist who was awarded a Nobel Peace Prize in 1970 for his role in
spreading intensive agricultural practices to poor countries. "Without chemical fertilizer, forget
it. The game is over."

http://www.nytimes.com/2008/04/30/business/worldbusiness/30fertilizer.html?emc=rss&part
ner=rssnytNYT story titled "Rapid Growth Found in Oxygen-Starved Ocean 'Dead Zones"":

Many coastal areas of the world's oceans are being starved of oxygen at an alarming rate, with
vast stretches along the seafloor depleted of it to the point that they can barely sustain marine
life, researchers are reporting. The main culprit, scientists say, is nitrogen-rich nutrients from
crop fertilizers that spill into coastal waters by way of rivers and streams. A study to be
published Friday in the journal Science says the number of these marine "dead zones" around
the world has doubled about every 10 years since the 1960s. About 400 coastal areas now have
periodically or perpetually oxygen-starved bottom waters, many of them growing in size and
intensity. Combined, the zones are larger than Oregon. "What's happened in the last 40, 50
years is that human activity has made the water quality conditions worse," the study's leader
author, Robert J. Diaz, said in an interview. The trend portends nothing good for many fisheries,
said Dr. Diaz, a professor at the Virginia Institute of Marine Science at the College of William and
Mary. "Dead zones," he said, "tend to occur in areas that are historically prime fishing grounds."
Indeed, while the size of dead zones is small relative to the total surface of the oceans, scientists
say they account for a significant part of ocean waters that support commercial fish and shellfish
species. http://www.nytimes.com/2008/08/15/us/150ceans.htm|?pagewanted=printWP story
titled "A 'Dead Zone' in The Gulf of Mexico": The "dead zone" in the Gulf of Mexico, an area on
the seabed with too little oxygen to support fish, shrimp, crabs and other forms of marine life, is
nearly the largest on record this year, about 8,000 square miles, researchers said this week. Only
the churning effects of Hurricane Dolly last week, they said, prevented the dead zone from being
the largest ever. The problem of hypoxia -- very low levels of dissolved oxygen --is a
downstream effect of fertilizers used for agriculture in the Mississippi River watershed. Nitrogen
is the major culprit, flowing into the Gulf and spurring the growth of algae. Animals called
zooplankton eat the algae, excreting pellets that sink to the bottom like tiny stones. This organic
matter decays in a process that depletes the water of oxygen. Researchers expected the dead
zone to set a record -- even more than the 8,500 square miles observed in 2002 -- after the
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Mississippi, swollen with floodwaters, carried an extraordinary amount of nitrates into the Gulf,
about 37 percent more than last year and the most since measuring these factors was begun in
1970.http://www.washingtonpost.com/wp-
dyn/content/story/2008/07/31/ST2008073100349.htmlEarlier pulitzer prize winning LAT story
on Ocean destruction (part of a five part series on the Oceans) titled "Dark Tides, Ill Winds":
The Leydons thought they found paradise a decade ago when they moved from Massachusetts
to this narrow barrier island, reachable only by boat, with gentle surf, no paved roads and balmy
air that feels like velvet on the skin.Now, they fear that the sea has turned on them. The dread
takes hold whenever purplish-red algae stain the crystal waters of Florida's Gulf Coast. The
blooms send waves of stinking dead fish ashore and insult every nostril on the island with
something worse.The algae produce an arsenal of toxins carried ashore by the sea breeze.
...Harmful algae blooms have occurred for ages. Some scientists theorize that a toxic bloom
inspired the biblical passage in Exodus: " * all the water in the Nile turned into blood. And the
fish in the Nile died, and the Nile stank, so that the Egyptians could not drink water from the
Nile. There was blood throughout all the land of Egypt."What was once a freak of nature has
become commonplace. These outbreaks, often called red tides, are occurring more often
worldwide, showing up in new places, lasting longer and intensifying.They are distress signals
from an unhealthy ocean. Overfishing, destruction of wetlands, industrial pollution and climate
change have made the seas inhospitable for fish and more advanced forms of life and freed the
lowliest * algae and bacteria * to flourish.A scientific consensus is emerging that commercial
agriculture and coastal development, in particular, promote the spread of harmful algae. They
generate runoff rich in nitrogen, phosphorous and other nutrients that sustain these
microscopic aquatic plants. In essence, researchers say, modern society is force-feeding the
oceans with the basic ingredients of Miracle-Gro.
http://www.latimes.com/news/local/oceans/la-me-oceanlaug01,0,6721807,print.story

Prof. Rogers is Gordon McKay Professor of Environmental Engineering and Professor of City
Planning in the Division of Engineering and Applied Sciences at Harvard University. He is a
member of the Technical Advisory Committee of the Global Water Partnership, recipient of
Guggenheim and Twentieth Century Fellowships.
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Facing the Freshwater Crisis

As demand for freshwater soars, planetary supplies are becoming unpredictable. Existing
technologies could avert a global water crisis, but they must be implemented soon

By Peter Rogers

A friend of mine lives in a middle-class neighborhood of New Delhi, one of the richest cities in
India. Although the area gets a fair amount of rain every year, he wakes in the morning to the
blare of a megaphone announcing that freshwater will be available only for the next hour. He
rushes to fill the bathtub and other receptacles to last the day. New Delhi's endemic shortfalls
occur largely because water managers decided some years back to divert large amounts from
upstream rivers and reservoirs to irrigate crops.

My son, who lives in arid Phoenix, arises to the low, schussing sounds of sprinklers watering
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verdant suburban lawns and golf courses. Although Phoenix sits amid the Sonoran Desert, he
enjoys a virtually unlimited water supply. Politicians there have allowed irrigation water to be
shifted away from farming operations to cities and suburbs, while permitting recycled
wastewater to be employed for landscaping and other nonpotable applications.

As in New Delhi and Phoenix, policymakers worldwide wield great power over how water
resources are managed. Wise use of such power will become increasingly important as the years
go by because the world's demand for freshwater is currently overtaking its ready supply in
many places, and this situation shows no sign of abating. That the problem is well-known makes
it no less disturbing: today one out of six people, more than a billion, suffer inadequate access to
safe freshwater. By 2025, according to data released by the United Nations, the freshwater
resources of more than half the countries across the globe will undergo either stress*for
example, when people increasingly demand more water than is available or safe for use*or
outright shortages. By midcentury as much as three quarters of the earth's population could
face scarcities of freshwater.

Scientists expect water scarcity to become more common in large part because the world's
population is rising and many people are getting richer (thus expanding demand) and because
global climate change is exacerbating aridity and reducing supply in many regions. What is more,
many water sources are threatened by faulty waste disposal, releases of industrial pollutants,
fertilizer runoff and coastal influxes of saltwater into aquifers as groundwater is depleted.
Because lack of access to water can lead to starvation, disease, political instability and even
armed conflict, failure to take action can have broad and grave consequences.

Fortunately, to a great extent, the technologies and policy tools required to conserve existing
freshwater and to secure more of it are known; | will discuss several that seem particularly
effective. What is needed now is action. Governments and authorities at every level have to
formulate and execute concrete plans for implementing the political, economic and
technological measures that can ensure water security now and in the coming decades.

Sources of Shortages

Solving the world's water problems requires, as a start, an understanding of how much
freshwater each person requires, along with knowledge of the factors that impede supply and
increase demand in different parts of the world. Malin Falkenmark of the Stockholm
International Water Institute and other experts estimate that, on average, each person on the
earth needs a minimum of 1,000 cubic meters (m3) of water per year*equivalent to two fifths of
the volume of an Olympic-size swimming pool*for drinking, hygiene and growing food for
sustenance. Whether people get enough depends greatly on where they live, because the
distribution of global water resources varies widely.

Providing adequate water is especially challenging in drier, underdeveloped and developing
nations with large populations, because demand in those areas is high and supply is low. Rivers
such as the Nile, the Jordan, the Yangtze and the Ganges are not only overtaxed, they also now
regularly peter out for long periods during the year. And the levels of the underground aquifers
below New Delhi, Beijing and many other burgeoning urban areas are falling.

Shortages of freshwater are meanwhile growing more common in developed countries as well.



Severe droughts in the U.S., for instance, have recently left many cities and towns in the
northern part of Georgia and large swaths of the Southwest scrambling for water. Emblematic of
the problem are the man-made lakes Mead and Powell, both of which are fed by the
overstressed Colorado River. Every year the lakes record their ongoing decline with successive,
chalky high-water marks left on their tall canyon walls like so many bathtub rings.

Golden Rule

Location, of course, does not wholly determine the availability of water in a given place: the
ability to pay plays a major role. People in the American West have an old saying: "Water usually
runs downhill, but it always runs uphill to money." In other words, when supplies are deficient,
the powers that be typically divert them to higher-revenue-generating activities at the expense
of lower-revenue-generating ones. So those with the money get water, while others do not.

Such arrangements often leave poor people and nonhuman consumers of water*the flora and
fauna of the adjacent ecosystems*with insufficient allocations. And even the best intentions can
be distorted by the economic realities described by that Western aphorism.

A case in point occurred in one of the best-managed watersheds (or catchments) in the world,
the Murray-Darling River Basin in southeast Australia. Decades ago the agriculturalists and the
government there divided up the waters among the human users*grape growers, wheat
farmers and sheep ranchers*in a sophisticated way based on equity and economics. The
regional water-planning agreement allowed the participants to trade water and market water
rights. It even reserved a significant part of the aqueous resource for the associated ecosystems
and their natural inhabitants, key "users" that are often ignored even though their health in
large measure underlies the well-being of their entire region. Water and marsh plants, both
macro and micro, for example, often do much to remove human-derived waste from the water
that passes through the ecosystems in which they live.

It turns out, however, that the quantities of water that the planners had set aside to sustain the
local environment were inadequate*an underestimation that became apparent during periodic
droughts*in particular, the one that has wrought havoc in the area for the last half a dozen
years. The territory surrounding the Murray-Darling Basin area dried out and then burned away
in tremendous wildfires in recent years.

The economic actors had all taken their share reasonably enough; they just did not consider the
needs of the natural environment, which suffered greatly when its inadequate supply was
reduced to critical levels by drought. The members of the Murray-Darling Basin Commission are
now frantically trying to extricate themselves from the disastrous results of their misallocation
of the total water resource.

Given the difficulties of sensibly apportioning the water supply within a single nation, imagine
the complexities of doing so for international river basins such as that of the Jordan River, which
borders on Lebanon, Syria, Israel, the Palestinian areas and Jordan, all of which have claims to
the shared, but limited, supply in an extremely parched region. The struggle for freshwater has
contributed to civil and military disputes in the area. Only continuing negotiations and
compromise have kept this tense situation under control.

Determining Demand



Like supply, demand for water varies from place to place. Not only does demand rise with
population size and growth rate, it also tends to go up with income level: richer groups generally
consume more water, especially in urban and industrial areas. The affluent also insist on
services such as wastewater treatment and intensive farm irrigation. In many cities, and in
particular in the more densely populated territories of Asia and Africa, water demands are
growing rapidly.

In addition to income levels, water prices help to set the extent of demand. For example, in the
late 1990s, when my colleagues and | simulated global water use from 2000 until 2050, we
found that worldwide water requirements would rise from 3,350 cubic kilometers
(km3)*roughly equal to the volume of Lake Huron*to 4,900 km3 if income and prices remained
as they were in 1998. (A cubic kilometer of water is equivalent to the volume of 400,000
Olympic swimming pools.) But the demand would grow almost threefold (to 9,250 km3) if the
incomes of the poorest nations were to continue to climb to levels equivalent to those of
middle-income countries today and if the governments of those nations were to pursue no
special policies to restrict water use. This increased requirement would greatly intensify the
pressure on water supplies, a result that agrees fairly well with forecasts made by the
International Water Management Institute (IWMI) when it considered a "business-as-usual," or !
"do-nothing-different," scenario in the 2007 study Water for Food, Water for Life.

Ways to Limit Waste

Given the importance of economics and income in water matters, it is clear that reasonable
pricing policies that promote greater conservation by domestic and industrial users are worth
adopting. In the past the cost of freshwater in the U.S. and other economic powers has been too
low to encourage users to save water: as often happens when people exploit a natural resource,
few worry about waste if a commodity is so cheap that it seems almost free.

Setting higher prices for water where possible is therefore near the top of my prescription list. It
makes a lot of sense in developed nations, particularly in large cities and industrial areas, and
more and more in developing ones as well. Higher water prices can, for instance, spur the
adoption of measures such as the systematic reuse of used water (so-called gray water) for
nonpotable applications. It can also encourage water agencies to build recycling and
reclamation systems.

Raising prices can in addition convince municipalities and others to reduce water losses by
improving maintenance of water-delivery systems. One of the major consequences of pricing
water too low is that insufficient funds are generated for future development and preventive
upkeep. In 2002 the U.S. Government Accountability Office reported that many domestic water
utilities defer infrastructure maintenance so that they can remain within their limited operating
budgets. Rather than avoiding major failures by detecting leaks early on, they usually wait until
water mains break before fixing them.

The cost of repairing and modernizing the water infrastructures of the U.S. and Canada to
reduce losses and ensure continued operation will be high, however. The consulting firm Booz
Allen Hamilton has projected that the two countries will need to spend $3.6 trillion combined on
their water systems over the next 25 years.

When the goal is to save water, another key strategy should be to focus on the largest



consumers. That approach places irrigated agriculture in the bull's-eye: compared with any
other single activity, conserving irrigation flows would conserve dramatically more freshwater.
To meet world food requirements in 2050 without any technological improvements to irrigated
agriculture methods, farmers will need a substantial rise in irrigation water supplies (an increase
from the current 2,700 to 4,000 km3), according to the IWMI study.

On the other hand, even a modest 10 percent rise in irrigation efficiency would free up more
water than is evaporated off by all other users. This goal could be achieved by stopping up leaks
in the water-delivery infrastructure and by implementing low-loss storage of water as well as
more efficient application of water to farm crops.

An agreement between municipal water suppliers in southern California and nearby irrigators in
the Imperial Irrigation District illustrates one creative conservation effort. The municipal group is
paying to line leaky irrigation canals with waterproof materials, and the water that is saved will
go to municipal needs.

An additional approach to saving irrigation water involves channeling water that is eventually
intended for crop fields to underground storage in the nongrowing season. In most parts of the
world, rainfall and snow accumulation*and runoff to rivers*peak during the nongrowing
seasons of the year, when demand for irrigation water is lowest. The fundamental task for
managers is therefore to transfer water from the high-supply season to the high-demand season
when farmers need to irrigate crops.

The most common solution is to hold surface water behind dams until the growing season, but
the exposure evaporates much of this supply. Underground storage would limit evaporation
loss. For such storage to be feasible, engineers would first have to find large subsurface
reservoirs that can be recharged readily by surface supplies and that can easily return their
contents aboveground when needed for irrigation. Such "water banks" are currently operating
in Arizona, California and elsewhere.

More extensive use of drip-irrigation systems, which minimize consumption by allowing water
to seep in slowly either from the soil surface or directly into the root zone, would also do much
to stem demand for irrigation water. Investments in new crop varieties that can tolerate low
water levels and drought, as well as brackish and even saline water, could also help reduce
requirements for irrigation water.

Given the rising demand for agricultural products as populations and incomes grow, it is unlikely
that water managers can significantly lower the quantity of water now dedicated to irrigated
agriculture. But improvements in irrigation efficiency as well as crop yields can help hold any
increases to reasonable levels.

More Steps to Take

Keeping the demand for irrigation water in arid and semiarid areas down while still meeting the
world's future food requirements can be supported by supplying "virtual water" to those places.
The term relates to the amount of water expended in producing food or commercial goods. If
such products are exported to a dry region, then that area will not have to use its own water to
create them. Hence, the items represent a transfer of water to the recipient locale and supply
them with so-called virtual water.



The notion of virtual water may sound initially like a mere accounting device, but provision of
goods*and the virtual-water content of those goods*is helping many dry countries avoid using
their own water supplies for growing crops, thus freeing up large quantities for other
applications. The virtual-water concept and expanded trade have also led to the resolution of
many international disputes caused by water scarcity. Imports of virtual water in products by
Jordan have reduced the chance of water-based conflict with its neighbor Israel, for example.

The magnitude of annual global trade in virtual water exceeds 800 billion m3 of water a year;
the equivalent of 10 Nile Rivers. Liberalizing trade of farm products and reducing tariff
restrictions that now deter the flow of foodstuffs would significantly enhance global virtual-
water flows. Truly free farm trade, for instance, would double the current annual total delivery
of virtual water to more than 1.7 trillion m3.

Whatever benefits the world may accrue from virtual-water transfers, the populations of
growing cities need real, flowing water to drink, as well as for hygiene and sanitation. The ever
expanding demand for urban, water-based sanitation services can be reduced by adopting dry,
or low-water-use, devices such as dry composting toilets with urine separation systems. These
technologies divert urine for reuse in agriculture and convert the remaining waste on-site into
an organic compost that can enrich soil. Operating basically like garden compost heaps, these
units employ aerobic microbes to break down human waste into a nontoxic, nutrient-rich
substance. Farmers can exploit the resulting composted organic matter as crop fertilizer. These
techniques can be used safely, even in fairly dense urban settings, as exemplified by installations
at the Gebers Housing Project in a suburb of Stockholm and many other pilot projects.

Essentially, civil engineers can employ this technology to decouple water supplies from
sanitation systems, a move that could save significant amounts of freshwater if it were more
widely employed. Moreover, recycled waste could cut the use of fertilizer derived from fossil
fuels.

Beyond constraining demand for freshwater, the opposite approach, increasing its supply, will
be a critical component of the solution to water shortages. Some 3 percent of all the water on
the earth is fresh; all the rest is salty. But desalination tools are poised to exploit that huge
source of salty water. A recent, substantial reduction in the costs for the most energy-efficient
desalination technology*membrane reverse-osmosis systems*means that many coastal cities
can now secure new sources of potable water.

During reverse osmosis, salty water flows into the first of two chambers that are separated by a
semipermeable (water-passing) membrane. The second chamber contains freshwater. Then a
substantial amount of pressure is applied to the chamber with the salt solution in it. Over time
the pressure forces the water molecules through the membrane to the freshwater side.

Engineers have achieved cost savings by implementing a variety of upgrades, including better
membranes that require less pressure, and therefore energy, to filter water and system
modularization, which makes construction easier. Large-scale desalination plants using the new,
more economical technology have been built in Singapore and Tampa Bay, Fla.

Scientists are now working on reverse-osmosis filters composed of carbon nanotubes that offer



better separation efficiencies and the potential of lowering desalination costs by an additional
30 percent. This technology, which has been demonstrated in prototypes, is steadily
approaching commercial use. Despite the improvements in energy efficiency, however, the
applicability of reverse osmosis is to some degree limited by the fact that the technology is still
energy-intensive, so the availability of affordable power is important to significantly expanding
its application.

A Return on Investment

Not surprisingly, staving off future water shortages means spending money*a lot of it. Analysts
at Booz Allen Hamilton have estimated that to provide water needed for all uses through 2030,
the world will need to invest as much as $1 trillion a year on applying existing technologies for
conserving water, maintaining and replacing infrastructure, and constructing sanitation systems.
This is a daunting figure to be sure, but perhaps not so huge when put in perspective. The
required sum turns out to be about 1.5 percent of today's annual global gross domestic product,
or about $120 per capita, a seemingly achievable expenditure.

Unfortunately, investment in water facilities as a percentage of gross domestic product has
dropped by half in most countries since the late 1990s. If a crisis arises in the coming decades, it
will not be for lack of know-how; it will come from a lack of foresight and from an unwillingness
to spend the needed money.

There is, however, at least one cause for optimism: the most populous countries with the largest
water infrastructure needs*India and China*are precisely those that are experiencing rapid
economic growth. The part of the globe that is most likely to continue suffering from inadequate
water access*Africa and its one billion inhabitants*spends the least on water infrastructure and
cannot afford to spend much; it is crucial, therefore, that wealthier nations provide more funds
to assist the effort.

The international community can reduce the chances of a global water crisis if it puts its
collective mind to the challenge. We do not have to invent new technologies; we must simply
accelerate the adoption of existing techniques to conserve and enhance the water supply.
Solving the water problem will not be easy, but we can succeed if we start right away and stick
to it. Otherwise, much of the world will go thirsty.



