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Chapter 1

Water and
Human Life

A lone plant grows in dry, cracked earth.
(Source: Flickr by DraconianRain)




Section 1

The West without Water: What Can Past Droughts Tell Us About
Tomorrow?

EDITOR’S NOTE: By B. LYNN INGRAM

Almost as soon as European settlers arrived in The state of California is beginning its

California they began advertising the place as the fourth year of a serious drought, with

American Garden of Eden. And just as quickly no end in sight

people realized it was a garden with a very

precarious water supply. Currently, California is in The majority of water in the western

the middle of a years-long drought and the water United States is delivered by winter

crisis is threatening the region’s vital agricultural e
o o ¢ storms from the Pacific, and over the
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blocked by an enormous ridge of high
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Planetary Science, examines how a deep historical pressure. A relatively wet December water in this important storage reservoir is
well below average, a visual reminder of
the ongoing drought in the U.S.

plan for the future record, and currently over 90 percent Southwest. (Source: California Dept. of
Water Resources)

account of California's water patterns can help us has given way to the driest January on

Published March 2015. of California is in severe to

exceptional drought.

The southwestern states are also experiencing moderate to severe drought, and
this comes on the heels of a very dry decade. This long drought has crept up on
the region, partly because droughts encroach slowly and they lack the visual and
visceral effects of other, more immediate natural disasters such as earthquakes,
floods, or tsunamis.


http://origins.osu.edu/users/b-lynn-ingram
http://origins.osu.edu/users/b-lynn-ingram
http://origins.osu.edu/article/dry-days-down-under-australia-and-world-water-crisis
http://origins.osu.edu/article/dry-days-down-under-australia-and-world-water-crisis
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Lake Powell, in 2009, showing a white calcium carbonate “bathtub ring
exposed after a decade of drought lowered the level of the reservoir to
60 percent of its capacity. (Source: U.S. Bureau of Reclamation)

Meteorologists define drought as an abnormally long period of
insufficient rainfall adversely affecting growing or living
conditions. But this bland definition belies the devastation
wrought by these natural disasters. Drought can lead to failed
crops, desiccated landscapes, wildfires, dehydrated livestock,
and in severe cases, water wars, famine, and mass migration.

Although the situation in the West has not yet reached such epic
proportions, the fear is that if it continues much longer, it could.

In California, reservoirs are currently at only 38 percent of
capacity, and the snowpack is only 25 percent of normal for late
January. Elsewhere in the Southwest, Lake Powell, the largest
reservoir on the Colorado River, is at 44 percent of capacity.

The amount of water transported through irrigation systems to
California’s Central Valley —the most productive agricultural
region in the world—has been reduced to only 20 percent of
customary quantities, forcing farmers to deepen groundwater
wells and drill new ones.

Over the past year, 410,000 acres have been fallowed in this vast
agricultural region that provides 30 percent of all the produce
grown in the United States and virtually all of the world’s
almonds, walnuts, and pistachios. As California dries up, food
prices might well rise across the nation.

The question on everyone’s mind is when will this dry period
finally come to an end and rainfall return to normal—and just what
is normal for the U.S. Southwest when it comes to rain?

And with a growing and more urban population and an ever-
changing climate, will we ever be free from the threat of long dry
periods, with their disruptive effects on food production and the
plants and animals that rely on water to survive?

A glance into the history of the Southwest reminds us that the
climate and rainfall patterns have varied tremendously over time,



with stretches of drought many decades longer than the one we
are experiencing now.

Long dry stretches during the Medieval centuries (especially
between 900 and 1350 CE) had dramatic effects on the native
peoples of the Southwest (the ancestral Pueblo, Hohokam, and
Sinagua), including civilizational collapse, violence, malnutrition,
and forced social dislocation.

These earlier Americans are a warning to us.

The past 150 years, which we have used as our baseline for
assumptions about rainfall patterns, water availability for
agriculture, water laws, and infrastructure planning, may in fact be
an unusually wet period.

Let’s look at the past few hundred years first and then explore the
region’s climate in geological time.

Recent Droughts and the Arid Regions of the
United States

John Wesley Powell stands as one of the most extraordinary
scientists and explorers in America in the second half of the 19th
century.

In 1869 he became the first white man to lead an expedition
down the Colorado River and through the Grand Canyon, a feat

all the more remarkable considering Powell had lost most of his
right arm during the Civil War.

Ten years later, Powell published Report on the Lands of the Arid
Regions of the United States, a careful assessment of the region’s
capacity to be developed.

In it, Powell argued that very little of the West could sustain
agriculture. In fact, his calculations suggested that even if all the
water in western streams were harnessed, only a tiny fraction of
the land could be irrigated.

Further, Powell believed that growth and development ought to
be carefully planned and managed, and that boundaries drawn
for new western states ought to follow watersheds to avoid inter-
state fighting over precious water resources.

When Powell presented his findings to Congress, politicians
howled. Powell found himself denounced by pro-development
forces, including railroads and agricultural interests.

Prescient as Powell’s study has proved to be, it was almost
entirely ignored at the time.

Instead, those development boosters responded to Powell’s data
about the aridity of the west with a novel climatological theory:
“Rain follows the plow.” They insisted that agriculture could cause
the rains to fall, so like magic the more acres brought under
cultivation the more rain farmers would enjoy.


https://pubs.usgs.gov/unnumbered/70039240/report.pdf
https://pubs.usgs.gov/unnumbered/70039240/report.pdf
https://pubs.usgs.gov/unnumbered/70039240/report.pdf
https://pubs.usgs.gov/unnumbered/70039240/report.pdf

The Dirty Thirties and Beyond

The relatively wet period of the late nineteenth and early twentieth
centuries gave way to drought in the late 1920s with the start of
the Dust Bowl—now considered to be the United States’ worst
climate tragedy.

The years between 1928 and 1939 were among the driest of the
20th century in the American West. This drought had particularly
severe effects on California’s developing agricultural industry that

This stamp commemorates John Wesley Powell's 1869 expedition down
the Colorado River. He remarked on the arid conditions of the west in his
Report on the Land of the Arid Regions of the United States. (Source:
U.S. Post Office)

The years surrounding the turn of the 20th century turned out to
be unusually wet across much of the region. Hopeful pioneers
continued to flock to the West, despite the visible signs of aridity.

They still do. The past century and a half in California and the
West has been a period of steady population growth. And today
the U.S. Southwest is the fastest-growing region in the United
States (which itself is the world’s fourth-fastest-growing nation).

Donner Lake, Sierra Nevada Range, California. (Source: photo by Lynn
Ingram)



were only mitigated by the extensive pumping of groundwater
that eventually caused the ground surface in California’s Central
Valley to drop by several feet.

In the 20th century, the single driest year (rivaling the 2013-2014
water year) was the drought of 1976-1977, extending across the
entire state of California and into the Northwest, the Midwest, and
the Canadian Prairie region north of Montana.

In California, precipitation levels dropped to less than a quarter of
average. Reservoirs dropped to one-third their normal levels, and
7.5 million trees in the Sierra Nevada weakened by drought
succumbed to insect related diseases, fueling massive wildfires.
Snowfall was extremely sparse, forcing ski areas to close.

The following decade, another six-year drought occurred from
1987 to 1992, and while no single year was as severe as the
drought of 1976-1977, the cumulative effects were ultimately
more devastating. Annual precipitation attained only 50 percent of
the 20th century average, with far-ranging impacts.

In the Sierra Nevada, water-stressed trees suffered widespread
mortality from pine bark beetle infestations. Reduced stream flow
caused major declines in fish populations, affecting commercial
and recreational fisheries by lowering populations of Chinook
salmon and striped bass.

By the fourth year of the drought, reservoir storage statewide was
down 60 percent, causing a decline in hydroelectric power

generation and the imposition of water restrictions including a
decrease in agricultural water delivery by 75 percent.

Farmers relied more on groundwater, with private well owners
deepening existing wells or drilling new ones. In the San Joaquin
Valley, 11 million acre-feet more groundwater was extracted than
could be replenished naturally, further lowering already low
groundwater levels.

A cut section of a Giant Sequoia trunk from Tuolumne Grove,
Yosemite National Park, California, showing AD dates of fires.
(Source: Thomas Swetnam, Laboratory of Tree-Ring
Research, University of Arizona)



Measuring Droughts over Geological Time

As bad and worrisome as these more recent historical droughts in
California and the West were, they pale in comparison to events
uncovered in the geological record.

In recent years, earth scientists have been discovering that the
climate and weather in the West over the past 100 to 150 years
represents only a narrow part of the full range of climate in the
region.

By peering deeper into Earth’s history —the past centuries and
millennia—the frequency and magnitude of extreme climate
events like drought can be better understood.

The evidence comes in various forms, such as mud from the
bottom of lakes and ponds, microscopic organisms living in the
oceans, bubbles frozen in glaciers, pencil-thin wood cores drilled
from trees, and salts precipitating in dried-up lake bottoms.

One of the earliest records of past climate change comes from
the rings of the long-lived Douglas fir. Trees are particularly
effective recorders of climate because they respond every year to
conditions of temperature and precipitation, responses recorded
in the growth rings of their trunks.

In a landmark study during the early 1940s, a 600-year record of
Colorado River flow using Douglas firs revealed several sustained

periods of low water flow and these periods recurred with some
regularity.

The reconstruction showed a particularly severe drought in the
late 1500s, a drought lasting over a decade that has since shown
up in multiple records from throughout the West.

These records also reveal that the driest single year over the past
millennium (even drier than the parched 1976-1977 drought)
occurred in 1580 CE. Trees across the West either had a narrow
ring, or even a missing ring, that year.

Looking at an even broader picture, evidence from the past 10
millennia—a relatively warm era since the last Ice Age, which we
call the Holocene—informs us that the severity of past extreme
events (including droughts and floods) far exceeds those
experienced over the past century and a half.

One of the longest dry periods for California and the West
occurred during what is known as the mid-Holocene climatic
optimum, a time when much of the earth experienced warmer
than average conditions from about 4,500 to 7,500 years ago.

In the American West, there are numerous clues showing that this
time period was drier than average for upwards of 1,400 years.
These climate extremes caused significant human dislocations
and forced native populations to migrate from the desert interiors
of the West to the coastal regions.



The Tools for Uncovering Climate History

One of the most vivid clues for understanding the patterns of past
drought in the West was revealed in Lake Tahoe toward the end of
the Great Dust Bowl! of the mid-1930s. At that time, Tahoe’s water
level dropped fourteen inches, exposing a mysterious clustering
of tree stumps sticking up from the water’s surface along the
lake’s southern shore.

Frances Malamud-Roam, B. Lynn Ingram, and Christina Brady coring a
small oxbow lake in the Sacramento Valley, California. (Source: Anders
Noren, University of Minnesota, LaCore curator)

These trees attracted the attention of Samuel Harding, an
engineering Professor from the University of California, Berkeley.
Harding discovered that the trees were large, with trunks as wide
as three feet in diameter, and appeared to be firmly rooted in the
lake bottom.

Harding reasoned that the trees had grown in this location for a
long time to attain such sizes, and since they were now
submerged in over twelve feet of water, he surmised that at some
time in the past the lake level had been much lower.

After collecting cores through their trunks, he counted up to 150
rings, concluding that it was a dry spell of over a century that
caused the lake level to drop, allowing the trees to grow along the
former shoreline.

Harding had to wait two decades before he could date this
drought, after the invention of radiocarbon dating in the 1950s.
Radiocarbon measurements of the outermost rings of the tree
stumps showed that these trees died approximately 4,800 years
ago.

Decades later, more evidence emerged from Lake Tahoe during
another of California’s droughts in the late 1980s, when the lake’s
surface dropped again, exposing even more tree stumps.

This time, it was an archaeologist, Susan Lindstrom, who noticed
the tops of trees sticking out of the water along Tahoe’s southern
shore. Donning scuba gear, Lindstrom was able to find fifteen



Sediment core taken by Frances Malamud-Roam and B. Lynn Ingram
from beneath San Francisco Bay, California. (Source: photo taken by B.
Lynn Ingram)

submerged tree stumps that had escaped Harding’s attention,
some measuring up to three and a half feet in diameter.

The radiocarbon dates from this much larger population of trees
refined and extended the boundaries of the mid-Holocene
drought, moving the beginning to as early as 6,290 years ago,
and the ending to 4,840 years ago.

These stumps, located deeper in the lake, showed that the lake
level had dropped by even more than Harding originally thought -
by more than 20 feet. Lindstrom and other researchers have since

located tree stumps in more places around the shores of Lake
Tahoe and in other Sierran lakes.

Geologists have also discovered more evidence from sediment
cores taken from beneath lakes revealing the wide extent of this
drought—across California and the Great Basin.

The archaeological records show that native populations migrated
from the inland desert regions to the California coast at this time,
likely in search of water and other resources during this prolonged
drought.

Another dry millennium began about 3,000 years after the mid-
Holocene drought ended. Evidence for this prolonged drought
was found throughout California and the West.

One study, conducted in my laboratory at UC Berkeley, examined
sediments accumulating beneath the San Francisco Bay estuary.
These sediments contain information about precipitation over the
entire drainage basin of the Sacramento and San Joaquin Rivers

—an area that covers 40 percent of California.

Rivers draining the Sierra Nevada Range and Central Valley flow
through San Francisco Bay and out the Golden Gate to the
Pacific Ocean. In the Bay, fresh river water meets and mixes with
the incoming ocean water, producing a range of salinity: fresh at
the Delta, saline in the Central bay near the Golden Gate, and
brackish in between.



Mono Lake, showing calcium carbonate “tufa tower” formations that
originally formed beneath the lake but are now exposed after the water
level dropped. The eastern flank of the Sierra Nevada range is shown in
the background. (Source: photo by D. J. DePaolo)

Organisms growing in the Bay record the salinity in their shells,
which then sink to the bottom and are preserved in the
sediments. We took sediment cores from beneath the Bay and
analyzed the chemistry of the fossil shells, allowing us to
reconstruct past salinity, and therefore past river flow.

These studies showed that droughts lasting over a decade
occurred regularly over the past two millennia, at intervals of 50 to
90 years. The cores also revealed a period of high salinity that

began about 1,700 years ago and ending about 700 years ago,
suggesting another prolonged drought.

We conducted a related study with Professor Roger Byrne in the
Geography Department at UC Berkeley, coring the tidal
marshlands surrounding the bay to assess the impact of this
drought on this ecosystem.

These marshes have grown up around the edges of San
Francisco Bay for the

past 5,000 years or so,

forming peat. The

marsh peats contain

fossil plants and

chemical evidence for

past periods of wetter

and drier conditions in

the watershed.

A drought in the
watershed, if prolonged
and severe, can cause
higher salinity
downstream in the
estuary as the inflow of

fresh water drops. In Frances Malamud-Roam and Anders
| | Noren coring marsh sediments adjacent to
response, salt-tolerant San Francisco Bay. (Source: photo taken

species in the marshes by B. Lynn Ingram)
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expand further inland toward the Delta and the fresh water
species retreat. Conversely, unusually wet winters generate
fresher conditions in the estuary, leading to an expansion of
freshwater-adapted species.

We analyzed the pollen and plant remains, carbon chemistry of
the peats, and diatoms—the microscopic phytoplankton that
grow in the marshes and produce tiny silica shells.

All of this evidence showed that the average freshwater inflow to
San Francisco Bay was significantly lower than today’s levels for
a thousand years, between 1,750 and 750 years ago.

The peak of this low-inflow interval, with freshwater flows 40
percent below average levels, occurred approximately 900 to
1,200 years ago, during a time when global temperatures were
high, known as the Medieval Warm Period.

Evidence for this drought was also discovered in an ancient lake
situated east of the Sierra Nevada. Geography Professor Scott
Stine analyzed the sedimentary sequences in Mono Lake,
delineating patterns of alternately higher and lower lake levels for
the past 4,000 years.

Mono Lake experienced an extended low stand that began about
1,600 years ago, dropping to an even lower level 700 to 1,200
years ago. During the 1980s drought, Stine also discovered large

An ancient tree stump submerged in the West Walker River, tree stumps submerged in Mono Lake.
eastern Sierra Nevada. (Source: photo courtesy of D. J. DePaolo)
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Much like the tree stumps discovered in Lake Tahoe, these
submerged trees indicated that at one time the lake was so small
that its shoreline was several tens of feet lower than the present
shoreline, when the trees now underwater could grow on dry
ground. Stine went on to discover similar submerged tree stumps
in lakes, marshes, and rivers throughout the central and southern
Sierra Nevada Range.

By counting their growth rings, Stine determined that they had
lived up to 160 years. Based on the amount the lake level
dropped, he calculated that the average annual river flows in the
region were only 40 to 60 percent of what they were in the late
20th century.

Radiocarbon dates of the outer growth layers of these tree
stumps revealed that these trees clustered around two distinct
periods, now known as the “Medieval Megadroughts”: CE 900 to
1100 and CE 1200 to 1350.

These records show that over half the American West suffered
severe drought between CE 1021 and CE 1051, and from CE
1130-1170, CE1240-1265 and CE 1360-1382.

The warm and dry conditions of the Medieval period spawned
larger and more frequent wildfires, as recorded in the trunks of
Giant sequoias—the massive redwoods growing in about 75
distinct groves along the mid-elevations of the western Sierra
Nevada. These spectacular trees can live up to 3,200 years or

more, and have exceeded 250 feet in height and 35 feet in
diameter.

Thomas Swetnam, the current Director of the Laboratory of Tree
Ring Research at the University of Arizona, discovered that the
trees carry scars on their annual growth rings that indicate past
fires in the region.

Swetnam sampled giant sequoias from five groves between
Yosemite National Park and Sequoia National Park, far enough
apart that individual fires could not have spread from one grove to
the next. He dated the trees using ring-width patterns, and
recorded the fire scars contained within annual rings.

His analysis reveals that during the Medieval period, from 1,200
to 700 years ago, an average of thirty-six fires burned every
century.

During the centuries preceding the Medieval period (from about
1,500 to 1,200 years ago) and immediately following it (from
about 700 years ago to the current century), the fire frequency
was substantially lower, with an average of 21 fires per century.

The Human Costs of Droughts Then and Now

The archaeological record suggests that the extended periods of
drought in the Medieval era caused severe hardship for both
coastal and inland peoples— particularly the ancestral Pueblo
communities—as dwindling resources increased disease,

12



malnutrition, and warfare. Long inhabited sites were abandoned
as the desperate populations wandered in search of new water
sources.

Much of what archaeologists know about the ancestral Pueblo
comes from pueblo and cliff dwellings from the four corners
region, including Chaco Canyon in northwestern New Mexico,
Mesa Verde in southwestern Colorado, and Canyon de Chelly in
northeastern Arizona.

Chaco Canyon in New Mexico was the site of one of the most
extensive of the ancestral Pueblo settlements. At its peak, during
the 11th and early 12th centuries CE, Chaco Canyon had great
pueblos the size of apartment blocks housing hundreds of
residents in large, high-ceilinged rooms.

These settlements were supported by agriculture, allowing people
to settle in one place year-round. Most of the farming depended
on annual rains, supplemented by water from nearby streams and
groundwater.

But over time, the climate became increasingly arid and
unpredictable. The ancestral Pueblo farmers were forced to build
an extensive system of diversion dams and canals, directing
rainwater from the mesa tops to fields on the canyon floor,
allowing them to expand the area of arable land.

The population in the four corners region swelled throughout the
11th and 12th centuries CE—Dbut then collapsed.

Ancient pueblo cliff dwelling at Mesa Verde, southwestern Colorado.
(Source: photo taken by B. Lynn Ingram)

Another ancient society, the Hohokam, lived in central Arizona
near the confluence of Arizona’s only three rivers, the Gila, Verde,
and Salt. The Hohokam civilization thrived in central Arizona for a
thousand years, building an extensive network of integrated canal
systems, capable of transporting large volumes of water long
distances.

At their peak, an estimated 40,000 Hohokam lived in Arizona, but
they suddenly vanished in the mid-15th century.

13



Montezuma’s Castle, a cliff dwelling occupied by the Sinagua, located
just north of Camp Verde in central Arizona. (Source: photo by B. Lynn
Ingram)

In northern Arizona, between Phoenix and Flagstaff, the Sinagua
culture also thrived during this period. As the climate turned drier,
they built cliff dwellings in central Arizona, suggesting that
resources became scarce, forcing them to build fortified dwellings
with hidden food storage areas. The Sinagua also disappeared
about the same time as the Hohokam.

All of these societies were flourishing prior to a rather abrupt
collapse. The archaeological record of the last decades of the
ancestral Pueblo in Chaco Canyon abounds with signs of
suffering.

Skeletal remains show signs of malnutrition, starvation and
disease; life spans declined and infant mortality rates increased.

Evidence of violence, possibly warfare, was found in mass graves
containing bones penetrated with arrowheads and teeth marks,
and skulls bearing the scars of scalping.

Piles of belongings were found, apparently left behind as the
people abandoned their settlements and fled, some to live in
fortified hideouts carved in the cliff faces, protecting their hoarded
food from enemies.

The unusually dry climate of the Medieval period also appeared to
have tested the endurance and coping strategies of even the
well-adapted native populations in California.

The skeletal remains show that life in the interior of California was
particularly difficult, as the drought severely reduced sources of
food (nuts, plants, deer, and other game). Settlements along rivers
were abandoned, and trade between inland and coastal groups
broke down. As water supplies dried up, conflicts — even battles -
between groups arose over territory and food and water
resources.

The Watery Lessons of the Past

The “Medieval Drought” serves as a model for what can happen
in the West. It also provides an important impetus for water
sustainability planning. And the hardships suffered by the first
human inhabitants in the West provide important lessons.

14



For instance, during extended periods of abundant moisture,
some societies experienced rapid population growth, leaving
them vulnerable to collapse when the climate inevitably turned
dry again.

Modern societies in the West have followed a similar path over
the past century— after a century of fairly abundant moisture, the
population in this region has exploded (and become more
urbanized).

Modern engineering has allowed the exploitation of all available
water sources for human use, and western water policy has
favored water development for power, cities, and farms over
sustainability of the environment and ecosystems.

These policies have allowed populations to grow to the limit that
this region can support, leaving us vulnerable during extended
drier conditions.

The longest six-year droughts experienced by the West over the
past century are meager by comparison, despite the extreme
hardship they brought to the region.

In fact, in the context of the longer-term climate history, the 20th
century actually stands out as one of the wettest over the past
1,300 years, yet the droughts of the mid-1920s, 1977 and the late
1980s caused immense hardship for our society, based as it is
upon heavy water usage.

In addition, future changes in the global climate will interact with
the natural cycles of drought in California and the West in ways
that are difficult to predict. Climate models predict that warming
will likely make the extreme events, particularly floods and
droughts, even larger and more frequent.

Some of these impacts have already begun. Over the past two
decades, warming and an earlier start of the spring season have
caused forest fires to become more frequent and intense.

Drought during the late 1920s gave way to the Dust Bowl, one of the
United States' worst climate tragedies. (Source: Wikimedia Commons,
Library of Congress)
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A warmer climate will also bring less precipitation that falls as
snow. The American West depends on snow-bearing winter
storms for a natural water reservoir. This snow begins melting in
the late spring, and continues into the summer, filling streams,
lakes, and reservoirs that sustain natural ecosystems throughout
the dry summer months.

The snow pack supports cities and irrigated agriculture, providing
up to 80 percent of the year’s water supply across the West. As
the region warms, the snow that does fall will melt faster and
earlier in the spring, rather than melting during the late spring and
summer, when it is so critically needed.

Folsom Lake, 2014. A bone-dry boat dock. Photo taken from California
Department of Water Resources' album: "What Drought Looks
Like." (Source: California Department of Water Resources)

Folsom Lake, from California Department of Water Resources' album:
"What Drought Looks Like." (Source: California Department of Water
Resources)

The message of past climates is that the range of “normal”
climate is enormous—and we have experienced only a relatively
benign portion of it in recent history. The region’s climate over the
past decade has been dry when compared to the 20th century
average, suggesting a return to a drier period.

This past year was also the warmest on record in the American
West, and the ten hottest years on record occurred since 1997.
The position of inhabitants of the West is precarious now and
growing more so.
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As we continue with an unsustainable pattern of water use, we

become more vulnerable each year to a future we cannot control.

It is time for policy makers in the West to begin taking action
toward preparing for drier conditions and decreased water
availability. e

Suggested Reading

Benson, L., Kashgarian, M., Rye, R., Lund, S., Paillet, F., Smoot,
J., Kester, C., Mensing, S., Meko, D. and Lindstrom, S., 2002.
“Holocene Multidecadal and Multi-centennial Droughts Affecting
Northern California and Nevada.” Quaternary Science Reviews
21, 659-682.

Bradley, R.S., Briffa, K.R., Cole, J., Hughes, M.K., and Osborn,
T.J., 2003. “The climate of the last millennium.” In: Alverson, K,
Bradley, R.S., and Pedersen, T.F. (Eds.), Paleoclimate, Global
Change and the Future, Springer Verlag, Berlin, pp. 105-49.

Brunelle, A. and Anderson, R.S., 2003. “Sedimentary charcoal as
an indicator of late-Holocene drought in the Sierra Nevada,
California, and its relevance to the future.” The Holocene 13(1),
21-28.

Cayan, D. R., S. A. Kammerdiener, M. D. Dettinger, J. M. Caprio,
and D. H. Peterson, 2001. “Changes in the onset of spring in the

Western United States.” Bull.
Am. Met. Soc., 82, 399-415.

Fagan, B., 2003. Before California: an Archaeologist Looks at Our
Earliest Inhabitants. Rowman and Littlefield Publishers, Inc,
Lanham, MD. 400 p.

Gleick, P.H. and E.L. Chalecki. 1999.” The impacts of climatic
changes for water resources of the Colorado and Sacramento-
San Joaquin river basins.” Journal of the American Water
Resources Association, Vol. 35, No. 6, pp.

Hughes, M.K. and Brown, P.M., 1992. “Drought frequency in
central California since 101 B.C. recorded in giant sequoia tree
rings.” Climate Dynamics 6,161-197

Ingram, B. Lynn and Malamud-Roam, F. (2013) The West without
Water: What past floods, droughts, and other climatic clues tell us
about tomorrow. UC Press, 256 pages.

Ingram, B. L., Conrad, M.E., and Ingle, J.C., 1996. “A 2000-yr
record of Sacramento-San Joaquin River inflow to San Francisco
Bay estuary, California.” Geology 24, 331-334.

Lightfoot, K., 1997. “Cultural construction of coastal landscapes:
A middle Holocene perspective from San Francisco Bay.” In:
Erlandson, J. and Glassow, M. (eds), Archaeology of the California
Coast during the Middle Holocene, 129-141. Series, Perspectives

17



in California Archaeology 4, Institute of Archaeology, Univ. of
California.

Malamud-Roam, F. and B.L. Ingram. 2004. “Late Holocene d13C
and pollen records of paleosalinity from tidal marshes in the San
Francisco estuary.” Quaternary Research 62, 134-145.

Stahle, D. W., Cook, E. R., Cleaveland, M. K., Therrell, M. D.,
Meko, D. M., Grissino-Mayer, H. D., Watson, E., and Luckman, B.,
2000. “Tree-ring data document 16th century megadrought over
North America.” EOS Transactions of the American Geophysical
Union 81 (12), 121-125.

Stine, S., 1990. “Past Climate At Mono Lake.” Nature 345: 391.

Stine, S., 1994. “Extreme and persistent drought in California and
Patagonia during mediaeval time.” Nature 369: 546-549.

Swetnam, T.W. 1993. “Fire history and climate change in Giant
Sequoia groves.” Science 262, 885.

18



Maps and Charts

California Central Valley Project

A map of California's current Central Valley Project features. (Source:
California Department of Water Resources)

Colorado River Flow Graph
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Annual flow volume of the Colorado River. (Source: Wikipedia.org)

Map of Sacramento River
Watershed.

(Source: Wikipedia.org)
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A map of the Colorado River
Basin

(Source: Wikipedia.org)

Annual flow volume of the
Colorado River. (

(Source: Nebraska Weather Photos)

New Mexico Rainfall

(Source: Center for Immigration
Studies)
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Great Basin

A Map of the multi-state Great Basin. (Source: Kmusser, CC BY-SA
3.0)
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Additional Images

Shasta Lake, 1965

A photo of Shasta Lake and Shasta Dam (part of the
California's Central Valley Project), with the lake at its
fullest in 1965. (Source: Wikipedia)

The Colorado River

A study during the early 1940s produced a 600-year
record of Colorado River flow and revealed several
sustained periods of low water flow. (Source:
Wikipedia)

John Wesley Powell

,1 »
[ ,
In 1869, John Powell became the first white man to lead an
expedition down the Colorado River and through the Grand
Canyon. Here he stands with a Paiute Native American during
the Colorado expedition circa 1871. (Source: U.S. National Park
Service)
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Lake Powell, 2006

In the Southwestern United States, Lake Powell, the largest
reservoir on the Colorado River, is at 44 percent of capacity.
(Source: Wikipedia)

The beautiful Emerald Bay of Lake Tahoe.

The beautiful Emerald Bay of Lake Tahoe. (Source: Wikipedia)

Marsh Sediment, San Francisco Bay

Frances Malamud-Roam and Anders Noren coring marsh sediments
adjacent to San Francisco Bay. (Source: B. Lynn Ingram)
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Montezuma Well

The Montezuma well of the Sinagua is listed in the
National Register of Historic Places. (Source: Wikipedia)

Oroville Lake

Oroville Lake, from California Department of Water

Resources' album: "What Drought Looks Like." (Source:

California Department of Water Resources)

California's "Save Our Water" Program attempts
to stave off effects of potential drought.

(Source: State of California)

Cliff Palace

The famed CIiff Palace housed the ancient Pueblo Peoples
of Mesa Verde. (Source: Wikipedia)
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Section 2

Baptized in the Jordan: Restoring a Holy River

EDITOR’S NOTE: By FRANCESCA DE CHATEL

As the site of the baptism of Jesus Christ, the Dressed in white gowns, the group of Russian pilgrims gathered silently by the

ORI IV 05 e SOUTERS 85 ElY el R steps that led into the river. The priest, a tall figure with shoulder-length hair and a

Christianity and has for centuries attracted pilgrims . I . . . . .
4 Y beard, intoned a hymn and the pilgrims joined in, bowing their heads in prayer.

from across the world. Over the last 60 years, ) . . .
_ L _ Barely five meters away on the opposite shore, two Jordanian soldiers looked on
however, the river has fallen victim to the ongoing

e G A Een eeleEs (6@ EaEe) from the shelter of a reed-covered platform — no visitors had come to visit their
muddy stream. Francesca de Chatel travels to the side of the river yet that day.
banks of the most holy and contested

As the pilgrims sang, the

transboundary river in the Middle East and looks at
priest slowly descended

the causes of the Jordan River’s demise and what

is being done to restore it. into the muddy water, which
reached only to his thighs,

Published September 2014.
so that he almost had to lie
down to immerse himself
fully. He emerged with
closed eyes, gasping for
breath. The women, their
heads covered, lined up on

the steps, some holding

young children by the hand.  gaptism at Qasr al Yehud, West Bank. (Source: Francesca
de Chatel, 2013)
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One by one, they descended into the water, knelt in front of the
priest and crossed themselves before he placed his hand on their
head and immersed them in the water. Three times - in the name
of the Father, the Son, and the Holy Spirit.

Meanwhile, a group of young Americans sat in the shade of some
palm trees on the bank and listened to their guide, an American
woman wearing a safari hat and khaki desert trousers, who
explained the significance of the holy Jordan River.

“You can see that the river is quite muddy,” she said as she
pointed to the timid murky flow, “but it’s actually not dirty,
because there’s so many bends in the river.” Her audience
nodded and one girl complained it was too hot.

The Russian baptism ritual completed, the pilgrims emerged from
the water and took photos of one another by the river, while three
young boys started a water fight in a corner of the baptismal
pool. Their mothers scolded them loudly and dragged them off to
the showers. Half an hour later, after a visit to the gift shop, both
groups were getting back on the Israeli tourist buses, off to the
next stop on their day tour of biblical sites.

As the boundary of the Holy Land and the site of the baptism of
Jesus Christ, the Jordan River is the source of all holy water in
Christianity. For centuries, pilgrims have travelled long distances
to immerse themselves in the river and even today nearly a million

Top: Pilgrims bathing in the Jordan River. Bottom: Scene on the Jordan
River. (Source: Lynch, 1853)

visitors annually flock to the three baptism sites in Israel, Jordan,
and the Palestinian West Bank to follow in the footsteps of Christ.

Over the past century, however, the Jordan River has been drawn
deep into the Arab-Israeli conflict.

Once a meandering river full of rapids and cascades, the Jordan
has been extensively developed since the 1950s, with dams,
diversion canals, and large-scale irrigation projects on the river
itself, its tributaries, and its headwaters. As a result, flow has
been reduced to about a tenth of its historic level. And water
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quality has sharply deteriorated, with raw sewage and agricultural
runoff polluting the remaining water.

The Jordan River is both a cause of conflict and tension as well
as a potential source of regional cooperation. It became one of
the most contested transboundary rivers in the Middle East with
the creation of Israel in 1948, and, since 1967, a heavily
militarized political border.

In the face of this highly complex situation, the regional NGO
Friends of the Earth Middle East (FOEME) is nonetheless working
to revive the Jordan River, restoring the basin as a single
interconnected ecosystem and a shared cultural heritage site that
transcends political boundaries.

The Jordan River has since biblical times been imbued with
powerful symbolic meanings: it is a boundary and a crossing
point, a metaphor for spiritual rebirth and salvation, and a source
of holy water.

But the river’s symbolic significance became even more layered in
the 20th century. As the physical river and its tributaries
underwent far-reaching infrastructural changes, the Jordan River
took up new meanings as a geopolitical border, a contested
transboundary watercourse, a threatened ecosystem, and a
tightly regulated water resource system.

The strength of these different geopolitical, hydrological,
environmental, and religious narratives is sharply crystallized on

the Lower Jordan River where holiness, pollution, hydropolitics,
and national boundaries collide.

Source of Holy Water and Pilgrimage Site

The Jordan River plays an important role in the Old Testament as
the border of the land that God gives to the Israelites. In the New
Testament, John’s baptism of Jesus forms a seminal moment in
the life of Christ and marks a defining event in the Christian
Church.

The baptism also altered the spiritual status of the water of the
Jordan River.

Early Christian writers asserted that Christ’s immersion in the
Jordan sanctified the river’s water, which in turn made all water
holy. The Jordan was seen as the prototypical “river of life,” but
also the site of a divine manifestation of God, for just as water
had been the primeval element that withessed God’s creation, the
Jordan had witnessed the beginning of the Gospels.

The site where John baptized Jesus in the Jordan River became
an important pilgrimage site from the 4th century CE.

Several writers recorded their visits here, including the 6th-
century geographer Theodosius who described a marble column
topped by an iron cross that had been erected at the place where
Jesus was thought to have been baptized. He also wrote about
the Church of St. John the Baptist, built by the Emperor
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Anastasius, which
“stands on great
vaults which are
high enough for the
times when the
Jordan is in flood.”

The sick and
disabled also came
to the Jordan for
healing, as

Jacinthus the

The baptism of Christ as depicted in the Arian
Baptistery in Ravenna, Italy. (Source: Holly
Hayes, 2008 Creative Commons)

Presbyter related in
the late 11th
century: “On the
feast of the Epiphany cripples and sick people come and, using
the rope to steady themselves, go down to dip themselves in the
water: women who are barren also come here.”

For those who were too sick to make the journey, water could
also be drawn from the river and brought to them.

Thus the Russian Princess Euphrosine of Polatsk, who had come
to Jerusalem to die in the 12th century, was unable to travel to
the Jordan but was given a bottle of holy water by an
acquaintance, “which she received with joy and gratitude,
drinking it and spreading it over her body to wash away the sins
of the past.”

By the late Middle Ages, the Jordan was venerated almost
exclusively as a relic of Jesus Christ, possessing powerful
spiritual forces. A late-13th-century guidebook gave just one
reason for immersion in the river: “these are the waters which
came into contact with the body of Christ, our Redeemer.”

Russian pilgrims at the Jordan. (Source: Catalogue of photographs
made by the American Colony 1898-1914)

Writing in 1483, Felix Faber described how several knights of his
party had jumped into the Jordan fully clothed, convinced that
their clothes would become impenetrable to enemy weapons.
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Others dipped bells in the river and believed that ringing them
would stave off lightning and thunder.

The 17th-century English cleric Henry Maundrell described how
pilgrims also cut branches off the reeds on the riverbanks, while
later accounts by 19th-century Russian travelers described
pilgrims taking bottles of holy water and burial shrouds dipped in
the river home with them.

A Divided River and How We Think about It

From its sources on the slopes of Mount Hermon, the Jordan
River winds its way through the Jordan River Valley over a
distance of about 225 km to discharge into the Dead Sea, the
lowest point on earth at —422 m.

The river’s headwaters, the Dan, Hasbani, and Banias, originate in
Israel, Lebanon, and the Israeli-occupied Golan Heights
respectively, and meet inside Israel to form the Upper Jordan
River, which flows into Lake Tiberias (also known as Lake
Kinneret or the Sea of Galilee), Israel’s largest freshwater reservoir
that supplies approximately one third of the country’s annual
water requirements.

South of Lake Tiberias, the Lower Jordan River covers a distance
of 143 km to the Dead Sea. Historically, this part of the river was
fed by water from Lake Tiberias, the Yarmouk River (the Jordan
River’s largest tributary) and several seasonal wadis. Today, water

levels in this part of the river have been sharply reduced due to
large-scale regulation and diversion works in Israel, Jordan, and
Syria.

By 2009, the Lower Jordan River’s historic annual flow of 1,300
million cubic meters (MCM) had been reduced to an estimated
20-30 MCM. Moreover, most of the fresh water in this part of the
river has been replaced with saline flows, water from fishponds,
sewage, and agricultural runoff.

The 20th-century transformation of the Jordan River has been
extensively analyzed from the perspective of international
relations, international law, politics, geography, history, hydrology,
ecology, and social studies. It has been used as a textbook
example of the disputed transboundary watercourse in a water-
scarce region par excellence, caught in the middle of a protracted
political conflict and subject to multilateral power struggles.

This extensive body of research and analysis has further
fragmented and abstracted perceptions of the Jordan.

Thus the river is now commonly described and analyzed as a
composite of separate units: the Upper Jordan River, Lake
Tiberias/Lake Kinneret, the Yarmouk River and the Lower Jordan
River. The drastic infrastructural interventions along the river,
which have fundamentally altered water flow, water quality and
local ecosystems, are schematically represented in conceptual
flow diagrams.
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Historically described as “the most crooked river in the world,”
“sometimes dashing along in rapids by the base of a mountain,

Lower Jordan River Water Balance 1950-1975. (Source: Courcier et al.,
2005)

sometimes flowing between low banks,” the river is now a system
that has been transformed into a series of contiguous and
artificially controlled water bodies.

Even the water itself has been dissected, quantified, and
qualified: separating the saline from the fresh; diverting drinking
water away from the valley and pumping raw sewage back into
the river; extracting irrigation water from side wadis, tributaries,
and dam reservoirs; and releasing contaminated return flows
back into the river.

A Geopolitical and Religious Border

Despite the extensive infrastructural developments that have led
to a dramatic drop in water levels and deterioration in water
quality, public awareness of the slow demise of the Lower Jordan
remains low. The main reason for this void is that the river itself
has been largely inaccessible and thus invisible since 1967.

As the geopolitical border between Jordan to the east and Israel
and the Palestinian West Bank to the west, the Lower Jordan
River remains a largely closed — and in many places mined —
military zone that can only be reached at a few points along its
course.

The only place where Jordanians can visit the river is at the Al
Maghtas Baptism Site just north of the Dead Sea, a location that
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has only been accessible since Jordan signed the Peace Treaty
with Israel in 1994.

Israelis have no access south of the Yarmouk River, while
Palestinians can only access the river at the Israeli-controlled
baptism site in the West Bank, Qasr al Yehud.

The fact that the physical river has been largely out of sight since
1967 further strengthens its conceptual representations and
increases the disconnect between the physical river and its
mythical image.

This same disconnect exists in the religious realm.

The reality of a diminished, polluted river does not appear to
affect the spiritual value of the water. The three baptism locations
— the Baptism Site/Al Maghtas in Jordan, Qasr al Yehud in the
West Bank, and the Yardenit Baptismal Site in Israel — present
themselves as religious places focused on biblical history and
archaeological remains, and gloss over the many other narratives
that play out along the river.

Yet the region’s recent history flows just beneath the surface,
cluttering the mythical narrative of the Jordan River as a source of
spiritual cleansing and renewal with the starkly utilitarian and
political narratives of modernity that materialize in the form of
dams, sewage flows, land mines, and security checkpoints.

Just north of the Dead Sea, the Al Maghtas/Baptism Site in
Jordan and the Israeli-operated Qasr al Yehud site in the West
Bank lie just a few meters apart on the two banks of the river with
an invisible border running between them. Both sites argue that
theirs is the “authentic” site of Jesus’ baptism, presenting biblical,
archaeological and historical evidence to corroborate their claim.

As one of the earliest Christian pilgrimage sites, the Jordanian Al
Maghtas/Baptism Site was largely abandoned after World War |

The Lower Jordan River from Al Maghtas/The Baptism Site in Jordan
looking at Qasr al Yehud in the West Bank. (Source: Francesca de
Chatel, 2013)
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and became part of an inaccessible military zone after the 1967
Six-Day War.

After Israel and Jordan signed a peace treaty in 1994, the area
was de-mined and “rediscovered.”

The remnants of a Byzantine chapel built on the
Jordan River, on the site where Jesus is said to
have been baptized, Al Maghtas/The Baptism Site,
Jordan. (Source: Francesca de Chétel, 2013)

Extensive archaeological work uncovered a series of churches,
monasteries and other remains, including the cave where John
the Baptist retreated in the desert, and the church described by
Theodosius in the 6th century. Together with further textual
references, these archaeological finds have led the Jordanian
authorities to declare this to be the authentic baptism site.

The Jordanian claim has been further strengthened by a series of
“letters of authentication” from world religious leaders, and visits

by three popes and numerous monarchs, heads of state, and

other dignitaries.

Moreover, the Jordanian government’s move to donate national
land for the establishment of 12 churches of different
denominations on the site adds a layer of modern mythology to
the layers of biblical, archaeological, and historical mythology.

Just like its transboundary neighbor, the Qasr al Yehud site in the
Israeli-occupied West Bank uses archaeological remains and

The Madaba Map, Madaba, Jordan. (Source: Soon Kim, 2013. (Creative
Commons)
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historic accounts to prove it is the authentic site of Jesus’
baptism. It refers to the 6th-century Madaba Map, which places
“Bethabara” (Bethany Beyond the Jordan) and the church of John
the Baptist west of the Jordan River.

Pilgrims at Qasr al Yehud, West Bank. (Source: Francesca de Chétel,
2013)

While the site at Qasr al Yehud could in the future become a
Palestinian site as part of a peace settlement, for the time being it
remains firmly under Israeli control, as it has been since 1967.
Like Al Maghtas in Jordan, the area around Qasr al Yehud was
affected by the regional conflict and became an inaccessible
military zone after 1967, cordoned off by a security fence and
surrounded by minefields.

After 1980, limited access was granted to local church
communities who came to celebrate Epiphany and Easter. During
the rest of the year, pilgrims could only visit the site by
appointment with a military escort.

However, after the papal visit in 2000, Israel decided to refurbish
the site, a project which was jointly implemented by the Israeli
Nature and Parks Authority and the Civil Administration, the Israel
body that governs the West Bank. Funding for the project came
from the Israeli Ministry of Tourism and the Ministry for Regional
Cooperation, a controversial move since part of the $2 million
budget was effectively drawn from funds reserved for West Bank
development.

In addition to being a biblical site, Qasr al Yehud also makes a
number of political statements, as it competes for authenticity
with its Jordanian neighbor, but also reiterates and reinforces the
Israeli presence in the West Bank.

The Politics of Developing and Transforming
the Jordan

The river that runs between the two sites has also become a more
complex and layered space since the 1950s. Its image as a holy
river has been overshadowed by infrastructural development,
which approached the river as a utilitarian water resource system
harnessed to meet the demands of a growing population in the
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Raw sewage being released in the Lower Jordan River at the
Alumot Dam, Israel. (Source: Francesca de Chatel, 2013)

region.

After the creation of the state of Israel in 1948, it was drawn into
the regional conflict as a contested resource. Israel forcefully
imposed the construction and operation of its National Water
Carrier — a 200-kilometer conduit that conveys more than 300
MCM of water annually from Lake Tiberias to cities along the
Israeli coast and further south to the Negev — prevented
Jordanian, Lebanese, and Syrian attempts to develop the river,
and entirely barred Palestinians from accessing it.

Meanwhile Syria, which lost access to the Upper Jordan River
and Lake Tiberias with Israel’s occupation of the Golan Heights in

The Lower Jordan River below the Alumot Dam. (Source: Francesca de
Chatel, 2013)
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1967, turned to the development of the Yarmouk River and its
tributaries, where it built 38 dams in the following decades.

Jordan also started diverting water from the Yarmouk and Zarga
Rivers into the King Abdullah Canal. Unsurprisingly, the first
victim of these unilateral development strategies was the Lower
Jordan River itself, which has been reduced to around 2% of its
historic flow.

In addition, water quality in this part of the river south of the
Alumot Dam has been severely impaired, with saline flows,
agricultural runoff, water from fishponds, and poorly treated
sewage being released by all communities along the river so that

The Lower Jordan River flowing south seen from the Degania Dam and
above the Alumot Dam, Israel. (Source: Francesca de Chétel, 2013)

its water is unsuitable for use in any sector. The degradation of
the Jordan River has also caused a 50% reduction in biodiversity.

FOEME has drawn attention to the severe degradation of the
Lower Jordan River through several detailed studies and a wide-
reaching international campaign to rehabilitate it.

In 2010, the organization also warned that organic pollution
posed a serious public health threat at the southern baptism
sites, which led to a flurry of media coverage over whether the
river was safe for immersion at the baptism site in the West Bank.

The Israeli authorities subsequently issued statements declaring
that the water was regularly monitored and safe for immersion.
But as neither the Israelis nor the Jordanians make
comprehensive long-term data publicly available, it is easy to
speculate about the degree of pollution and whether it poses a
public health threat.

The Yardenit Baptismal Site in Israel is far removed from such
unsettling reports of polluted holy water and the history of conflict
and shifting borderlines. Situated just south of Lake Tiberias
before the Alumot Dam, Yardenit gives a bucolic impression of
the Jordan River as a free-flowing, tree-lined river.

According to the Yardenit website, this is one of the only places
along the Jordan River where the river still flows naturally. In fact,
from a hydraulic point of view, the river here is an artificial
reservoir, requlated by the upstream Degania Dam that controls
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inflow from Lake Tiberias, and the Alumot Dam, 1.5 km
downstream. The water at Yardenit is essentially the same as that
in Lake Tiberias and therefore close to drinking-water quality.

The Yardenit Baptismal Site, Israel. (Source: Francesca de Chatel, 2013)

In this “pristine” setting, the site presents a bright and
uncomplicated story that merges spirituality, tourism and
consumerism into a seamless modern-day religious-retail
experience. The visitors’ center, designed in the shape of a
church’s nave, includes a large gift shop selling everything from
bibles and olivewood crucifixes to holy water (125 ml, $6) and “I
Was Baptized in the Jordan River” T-shirtAcross from the gift
shop, the Manna Restaurant serves “biblical food,” including St.

Peter’s Fish and dates
produced at the
nearby Kibbutz
Kinneret. Outside
near the baptismal
pools, visitors can
pick up a video
recording of their own
baptism ceremony

Israel started releasing fresh water into the and buy empty plastic

Lower Jordan River in May 2013. (Source:

bottles and jerry cans
Francesca de Chétel, 2013)

to fill up with water
from the Jordan River.

As Yardenit is more than 100 kilometers from the two southern
sites, there is less need to legitimize it as the authentic site of
Jesus’ baptism — tourists who visit as part of a day tour may not
even be aware that there are any other sites.

Yet, by omitting any biblical references to Bethany Beyond the
Jordan and emphasizing the “scenic landscapes [described in the
Bible...] that have been preserved to this day,” the site’s tourist
brochure implicitly suggests that this is the authentic site of
baptism, or at least the place where it can be relived most
authentically.

Billed as “the perfect combination of the [sic] Christian heritage,
the exciting sights of the Holy Land and the history of civilization,”
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Holy water in the Yardenit gift shop, Israel. (Source: Francesca de Chatel,
2013).

the Yardenit Site — like the two southern sites — also weaves in
subtle political narratives, firmly rooting the story of baptism into
ancient — and, implicitly, more recent — Jewish history in the Holy
Land.

The site’s location on the grounds of Kibbutz Kinneret, the second
kibbutz founded in Mandate Palestine, ties the biblical event of
the baptism of Jesus into Zionist narratives.

Thus while the three baptism sites present themselves as
religious sites that focus on biblical history and offer a space for
spiritual reflection, each also represents particular political,

nationalist, and economic interests, while at the same time
glossing over the profound changes to the holy river itself.

Pilgrims who visit these sites appear unconcerned by or unaware
of the physical changes to the river, which in their view do not
affect its spiritual qualities.

Msgr. Maroun Lahham, the Latin Patriarch Vicar General of
Jordan, appeared indifferent to the state of the river, considering
its physicality to be almost irrelevant. “From a religious
perspective it does not matter whether the water is dense or light,
clear or cloudy, polluted or not polluted,” he said. “This does not
touch upon the aspect of faith. Pollution is a Western concern, it
is Cartesian. Descartes’ influence stopped on the northern shores
of the Mediterranean.”

The physical and spiritual realms continue to exist separately,
allowing the image of the holy Jordan River to persist
independently of the altered physical river. An official at Al
Maghtas in Jordan said that the river’s holy qualities are
unchangeable. “We don’t like the word ‘pollution,’” he said.

“The water quality has been impaired by return flow of fertilizer,
pesticides, saline water and treated and untreated sewage water
along the whole river course. All this does not affect the spiritual
quality of the river though: the Jordan is the Jordan. It is a holy

river.”
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Reviving the Jordan River

Despite the continued zero-sum struggle for the river’s water,
efforts are being made to revive the Jordan River. FOEME has
developed a comprehensive rehabilitation plan for the Lower
Jordan River based on extensive research in Israel, Jordan, and
Palestine.

The plan outlines concrete steps to remove pollutants from the
river, return fresh water flow to it, and ensure Palestinian rights to
a share of the river’s water are honored. It highlights the crucial
importance of cross-border cooperation and of treating the river
basin as a single interconnected ecosystem that transcends
political boundaries and disputes.

Partly as a result of FOEMe’s advocacy efforts, Israel started
releasing 1,000 m3/hour of fresh water from the Alumot Dam into
the Lower Jordan River in May 2013, with a commitment to
increase this amount to an annual 30 MCM.

The Israeli Ministry of Environment has also outlined a master
plan for the upper part of the Lower Jordan River up to the Bezeq
Stream, the border with the Palestinian West Bank.

In addition, the operation of a new sewage treatment plant near
the Alumot Dam by 2015 will remove sewage from the river. If
Jordanian and Palestinian plans to build wastewater treatments
plants in their part of the watershed are realized, half a century of

using the Jordan as a sewage canal could be put to an end,
according to FOEME.

However, the removal of the various effluents discharged by
Israel, Jordan and Palestine could cause the drying up of the river.
FOEME therefore recommends that 400-600 MCM/year of fresh
water be returned to the river and that the river be allowed to
flood once a year in order to maintain a healthy ecosystem.

While critics argue that none of the riparians are willing or able to
give up their acquired share of the river, FOEME says it has
identified over 1 billion cubic meters of water that can be saved in
Israel, Jordan, and Syria.

The organization is advocating for the establishment of an
international commission to manage the Lower Jordan River
basin and is currently developing a cross-border master plan. It is
also working towards the creation of a transboundary ecological
peace park on the border between Israel and Jordan.

FoEME’s broad-ranging Jordan River Rehabilitation Project also
seeks to engage and involve Christian, Jewish, and Muslim
religious leaders both in the region and internationally in an effort
to raise awareness of the importance of preserving the Jordan
River Valley as a site of shared religious and cultural-historical
heritage.

In November 2013, the organization published a series of Faith-
Based Toolkits (Christian, Jewish, Muslim), which religious leaders
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are encouraged to use in their sermons and activities to engage
faith communities in the region and beyond.

Christian, Jewish, and Muslim religious leaders from Israel,
Jordan, and Palestine also gathered at a regional conference on
the Dead Sea in Jordan in November 2013 where they endorsed
the Covenant for the Jordan River drawn up by FOEME. The
document calls upon regional governments to work towards the
rehabilitation of the Lower Jordan Valley, which “must be counted
as part of the heritage of humankind.”

Thus, against all odds, the first steps towards reviving the Lower
Jordan River have been taken. And while the Jordan River will
never return to its natural state, it could again becoming a living
river and a carrier of holy water that is not only worshipped in a
religious context but also revered and respected as the key to life

and livelihood in this arid region. &

Suggested Reading

A series reports, concept documents and other publications
issued by Friends of the Earth Middle East between 2010 and
2014 are available at www.foeme.org.

Courcier, R., Venot, J. P, Molle, F., Historical transformations of
the lower Jordan river basin (in Jordan): Changes in water use and
projections (1950-2025). Comprehensive Assessment Research

Report 9. Colombo, Sri Lanka: Comprehensive Assessment
Secretariat, 2005.

Gal, Zvi, Baptism in the Jordan River, A Renewal of Faith, Israel
Nature and Parks Authority, 2011.

Havrelock, Rachel, River Jordan, The Mythology of a Dividing
Line, University of Chicago Press, Chicago, 2011.

Hillel, Daniel, Rivers of Eden, The Struggle for Water and the
Quest for Peace in the Middle East, Oxford University Press,
Oxford, 1994.

Jensen, Robin M., Living Water, Images, Symbols, and Settings of
Early Christian Baptism, Brill, Leiden, 2011.

Lowi, M., Water and power, the politics of a scarce resource in the
Jordan River Basin, Cambridge University Press, 1995.

Lynch, W.F.,, Narrative of the United States’ Expedition to the River
Jordan and the Dead Sea, Blanchard and Lea, Philadelphia, 1853.

Peppard, Christiana Z., “Troubling waters: the Jordan River
between religious imagination and environmental degradation’,
Journal of Environmental Studies and Sciences, 20 April 2013, pp.
1-11.

Rouyer, Alwyn R., Turning Water into Politics, The Water Issue in
the Palestinian-Israeli Conflict, Macmillan Press Ltd, London,
2000.

40


http://www.foeme.org
http://www.foeme.org

Sumption, Jonathan, Pilgrimage, an Image of Mediaeval Religion,
Faber & Faber, London, 1975.

UN-ESCWA & BGR (United Nations Economic and Social
Committee for Western Asia and Bundesanstalt fir
Geowissenschaften und Rohstoffe), Inventory of Shared Water
Resources in Western Asia, Beirut, 2013, Chap. 6.

Wilkinson, John, Jerusalem Pilgrims Before the Crusades, Aris &
Phillips Ltd, Warminster, 1977.

41



Maps and Charts

Jordan River

(Source: Wikipedia.org)

Map of the source of the Jordan, 1869

(Source: Wikipedia.org)
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Sea of Galilee water levels January 2004 to February 2012

(Source: Derends, English Wikipedia.org, CC BY 3.0)

Map of the Jordan River

(Source: Ghazal Lababidi, 2014)
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Map of National Water
Carrier of Israel

(Source: AdamHej, Wikipedia.org,
CC BY-SA 4.0)

The Madaba Map, Jordan, 6th-century CE

(Source: Soon Kim, 2013,)

(Source: Soon Kim, 2013, Creative Commons)
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Section 3

Who Owns the Nile? Egypt, Sudan, and Ethiopia’s History-Changing
Dam

EDITOR’S NOTE:

Egypt and Sudan are utterly dependent on the
waters of the Nile River. Over the past century both
of these desert countries have built several dams
and reservoirs, hoping to limit the ravages of
droughts and floods which have so defined their
histories. Now Ethiopia, one of eight upriver states
and the source of most of the Nile waters, is
building the largest dam in Africa. Located on the
Blue Nile twenty five miles from the Ethiopian
border with Sudan, the Grand Renaissance Dam
begins a new chapter in the long, bellicose history
of debate on the ownership of the Nile waters, and

its effects for the entire region could be profound.

Published March 2013.

By ANDREW CARLSON

In the fall of 2012 newspapers around the world reported on a Wikileaks
document, surreptitiously acquired from Stratfor, the Texas security company,
revealing Egyptian and Sudanese plans to build an airstrip for bombing a dam in
the Blue Nile River Gorge in Ethiopia. The Egyptian and Sudanese governments
denied the reports.

Whether or not there were such plans in 2012, there is a long history of threats and
conflicts in the Nile River Basin. Downriver Egypt and Sudan argue that they have
historic rights to the water upon which they absolutely depend—and in 1979
Egyptian President Anwar Sadat threatened war on violators of what he saw as his
country’s rights to Nile waters. Upriver Ethiopia, Kenya, Uganda, Rwanda, Burundi,
and Tanzania argue that they too need the water that originates on their lands.

Since the twelfth century C.E. Christian Ethiopian kings have warned Muslim
Egyptian sultans of their power to divert waters of the Nile, often in response to
religious conflicts. But these were hypothetical threats.

Today, however, Ethiopia is building the Grand Renaissance Dam and, with it,
Ethiopia will physically control the Blue Nile Gorge—the primary source of most of
the Nile waters.
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The stakes could not be higher for the new leaders in Egypt and
Ethiopia, President Mohamed Morsi and Prime Minister
Hailemariam Desalegn, as well as Sudan’s long-time President,
Omar El Bashir. The stakes are perhaps even higher for the
millions of people who owe their livelihood and very existence to
the Nile’s waters.

Egypt and the Nile

The Nile has been essential for civilization in Egypt and Sudan.
Without that water, there would have been no food, no people, no
state, and no monuments. As Herodutus famously wrote in the
5th century B.C.E., “Egypt is the gift of the Nile.”

For millennia peoples have travelled along the banks of the Nile
and its tributaries. Scores of ethnic groups in Egypt, Ethiopia, and
Sudan share architecture and engineering, ideas and traditions of
religion and political organization, languages and alphabets, food
and agricultural practices.

In 3000 B.C.E., when the first Egyptian dynasty unified the lower
and upper parts of the Nile River, there were no states in Eastern
or Central Africa to challenge Egypt’s access to Nile waters.

The Nile was a mysterious god: sometimes beneficent,
sometimes vengeful. Floods between June and September, the
months of peak flow, could wipe out entire villages, drowning
thousands of people. Floods also brought the brown silt that

nourished the delta, one of the world’s most productive
agricultural regions, feeding not only Egypt but many of its
neighbors.

The river’s central importance to Egyptian life is captured in A
Hymn to the Nile, recorded in Papyrus Sallier Il:

Hail to thee, O Nile, that issues from the earth and comes to keep
Egypt alive! ...

He that waters the meadows which He created ...

He that makes to drink the desert ...

He who makes barley and brings emmer into being ...

He who brings grass into being for the cattle ...

He who makes every beloved tree to grow ...

O, Nile, verdant art thou, who makes man and cattle to live.

The Nile’s seasonal flooding is a central theme in Egyptian history.
The river flow follows regular patterns, increasing between May
17 and July 6, peaking in September, and then receding until the
next year. But the river volume is very unpredictable, as
documented by nilometers (multi-storied structures built in the
river to measure water heights). Successive empires of Pharaohs,
Greeks, Romans, Christian Copts, and Muslims celebrated the
rising waters of the Nile and dreaded floods or droughts.
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Five millennia of Nile history show how years with high water have
produced ample food, population growth, and magnificent
monuments, as during the first five dynasties from 3050 B.C.E. to
2480 B.C.E. Periods with low water have brought famine and
disorder. The Book ofGenesis describes seven years of famine
that historians associate with the drought of 1740 B.C.E.

From the time of the Pharaohs until 1800 C.E., Egypt’s population
rose and fell between 2 to 5 million, due to food availability and
epidemics. The irrigation projects of the 19th century Ottoman
ruler Mohammad Ali allowed year-around cultivation, causing
population growth from 4 to 10 million. Since the opening of the
Aswan High Dam in 1971, Egypt’s population has increased from
about 30 to 83 million.

The Sources of the Nile

Despite the extraordinary importance of the Nile to people
downstream, the origin of the great river was a mystery until the
middle twentieth century. Herodotus speculated that the Nile
arose between the peaks of Crophi and Mophi, south of the first
cataract. In 140 C.E. Ptolemy suggested the source was the
Mountains of the Moon, in what are now called the Ruwenzori
Mountains in Uganda.

The 11th century Arab geographer al-Bakri postulated West
African origins, confusing the Niger River, which empties into the
Atlantic Ocean, with the Nile River. In 1770 the Scottish explorer

James Bruce claimed his discovery of the source in Ethiopia,
while in 1862 John Hanning Speke thought he found it in Lake
Victoria and the equatorial lakes.

The river’s limited navigability only increased its mystery. The Blue
Nile River descends 4501 feet in 560 miles from Lake Tana in the
Ethiopian highlands through a deep gorge with crocodiles,
hippopotamuses, and bandits to the Sudan border and the
savannah. Despite the efforts of scores of intrepid adventurers,
the Blue Nile in Ethiopia was not successfully navigated until
1968 by a team of British and Ethiopian soldiers and civilians
equipped by the Royal Military College of Science.

Further south up
the White Nile in
the lakes and rivers
of Burundi,
Rwanda, Kenya,
Tanzania, and
Uganda, the
Egyptian cultural
influence is less
pronounced, due to
the Sudd, a
gigantic and

The Sudd, a swamp in South Sudan, impassable swamp
contributes to the Nile's historic lack of

navigability. (Source: Wikimedia Commons)

which absorbs
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waters from the equatorial lake tributaries. The Nile River historian
Robert O. Collins reports that “no one passed through this
primordial bog” until 1841.

Not until the 20th century did it become clear that the Nile is part
of a vast river system with dozens of tributaries, streams, and
lakes, stretching from the Mediterranean Sea to the remote
mountains of Burundi, in tropical central Africa, and to the
highlands of Ethiopia, in the Horn of Africa.

Spanning more than 4,200 miles, it is the longest river in the
world. It has also become clear that the volume of water which
flows through the Nile is relatively small—a mere two percent in
volume of the Amazon’s and fifteen percent of the Mississippi—
and mostly (86%) from Ethiopia.

Ethiopia, Egypt, and the Historical Struggle for
the Nile’s Waters

Ethiopia and Egypt have had a long relationship of both harmony
and discord, the latter the result of religious issues and access to
Nile water, among other factors.

Ethiopia’s first well documented government was in Aksum, a
city-state that controlled a large empire from the Ethiopian
highlands across the Red Sea to Yemen. From 100 until 800 C.E.
Aksumites participated in Mediterranean and Indian Ocean trade.

The cultural relationship between Egypt and Ethiopia was
institutionalized when the Aksumite King Ezana converted to
Christianity in 330 C.E. For 16 centuries (until 1959) the Egyptian
bishop of the Ethiopian Orthodox Church was appointed by the
Egyptian patriarch in Alexandria, often under the influence of the
Egyptian government.

Ethiopians were profoundly influenced by the Middle East, even
writing their state and geography into Bible stories. The source of
the Blue Nile became the Gihon, one of the four rivers that flowed
from the Garden of Eden. The 14th century C.E. myth of national
origins connected Ethiopia’s rulers to the Old Testament. In this
legend the Queen of Sheba (Mekedda), journeyed north from
Ethiopia to Jerusalem to meet King Solomon in 900 B.C.E. A
romantic relationship produced a child, Menelik I, the first in
Ethiopia’s Solomonic Dynasty.

When Menelik became an adult, despite his father’s wish that he
become the next King of Israel, he escaped to Ethiopia with the
Ark of the Covenant—the cabinet which contained the tablets of
the ten commandments given by God to Moses on Mount Sinai.
Menelik stored the Ark on an island in Lake Tana—into which the
Gihon flows—before it was moved to Aksum, where many
Ethiopians believe the Ark remains to this day. Another Ethiopian
legend is that Mary and Jesus stayed a night on that same island
(Tana Cherquos) during their flight from the Holy Land to Egypit.
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The Muslim conquest of Egypt in 640 C.E. put Christian Ethiopia
in a defensive position. Because the Ethiopian Orthodox Church
remained subordinate to the Orthodox Church in Alexandria, and
Egypt had become a Muslim country, Ethiopians became
suspicious and resentful of the control Egypt had on the
appointment of their Christian bishop (abun). Muslim Egyptians
also controlled Jerusalem and had the power to expel Ethiopian
pilgrims to their holiest of cities.

So Ethiopians began to claim power over Egypt through control
of the Nile. During the Crusades the Ethiopian emperor Lalibela
(1190-1225)—who built a new Jerusalem in Ethiopia, safe from
Muslim occupation in magnificent, underground rock-hewn
churches—threatened retribution by diverting the Tekeze River
from its pathway north into Sudan (where it becomes the Atbara
and then joins the Nile).

The first Egyptian to write about the potential for an Ethiopian
diversion of the Nile was the 13th century Coptic scholar Jurijis al-
Makin (d. 1273).

Stories about Ethiopia’s power over the Nile inspired the 14th
century European legend of Prester John, a wealthy Christian
Ethiopian priest king. In 1510 the legend returned to Ethiopia with
Portuguese explorer Alfonso d’ Albuquerque, who considered the
possibility of destroying Egypt by diverting the Nile to the Red
Sea. In 1513 d’Albuquerque even asked the Portuguese king for
workers skilled in digging tunnels. Nothing came of the plan.

But conflict between Egypt and Ethiopia continued, often as
proxy wars between Christians and Muslims on Ethiopia’s
northern or southeastern borderlands. The sixteenth century
invasion of Ethiopia by Ahmad Gragn, the Muslim imam from the
Adal Sultante, was seen as an Egyptian conflict.

In the nineteenth century Egypt and Ethiopia fought over control
of the Red Sea and upper Nile Basin. The climax came in 1876 at
the Battle of Gura in present day Eritrea where the Ethiopians
delivered a humiliating defeat to the Egyptian army.

Colonial-Era Conflicts over the Nile

The European partition of Africa in the 1880s added huge
complexity to this conflict.

Egypt was colonized by England in 1882. Ethiopia defeated the
ltalians at the Battle of Adwain 1896 becoming the only African
country to retain its independence during the “scramble for
Africa.” But colonization created many new states in the Nile
Basin (Eritrea, Uganda, Rwanda, Burundi, Kenya, and Tanganika)
and set off new competition for resources and territory.

Egypt was prized for the Nile Delta, a region of unsurpassed
agricultural productivity. After the completion of the Suez Canal in
1869, Egypt also offered access to the Red Sea and the Indian
Ocean. For the British control of Egypt meant more profitable
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trade with India, its richest colony. For the French, the canal
offered quicker access to Indochina, its most lucrative colony.

In the late nineteenth century, since controlling Egypt was the key
to Asian wealth, and since Egypt depended on the Nile,
controlling the source of the Nile became a major colonial goal.

The French-English competition for control of the Nile Basin
climaxed in 1898 at Fashoda.

The Fashoda Incident, 1898, was the climax of imperial territorial
disputes during the "scramble for Africa." (Source: Wikimedia
Commons)

The French conceived of the idea of building a dam on the White
Nile, so as to undermine British influence further downriver and
establish east-west control of the continent. They organized a
stupendous pincer movement with one group of soldiers traveling
from East Africa across Ethiopia and the other from West Africa
across the Congo.

The British heard of the French expedition, and, having just
captured Khartoum ordered a fleet of gun boats and steamers
with soldiers under the leadership of General Horatio Herbert
Kitchener upriver to Fashoda, the site of the proposed dam. With
fewer than 200 men, the French were embarrassed. In 1899 the
two colonial powers reached an agreement which designated to
France the frontiers of the Congo River and to England the
frontiers of the White Nile.

The Fashoda Incident revealed how little Europeans understood
about the Nile River. Thinking that most of the Nile waters came
from the equatorial lakes (Victoria, Albert, Kyoga, and Edward),
the English spent enormous energy on plans to increase White
Nile water flows.

First called the Garstin Cut and later the Jonglei Canal, the British
intended to create a channel that would maximize water transfer
through the great swamp (where half of it evaporated).

One of the most expensive engineering projects in Africa, it was
terminated in 1984 by the Sudan People’s Liberation Army,
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because of the severe disruption it brought to the lives of the
indigenous upper Nile peoples. If the 300 mile-long Jonglei Canal
had been completed, it would have increased water flows by
nearly 4 billion cubic meters into the White Nile.

Negotiating the Nile: Treaties and Agreements

over the Nile Waters

Treaty negotiations about Nile waters started during the colonial
era as England tried to maximize agricultural productivity in the
delta.

In 1902 the British secured from the Ethiopian Emperor Menelik I

an agreement to consult with them on any Blue Nile water
projects, especially
on Lake Tana. As the
controlling imperial
power in East Africa,
agreements with
Kenya, Tanganika,
Sudan, and Uganda
werepro forma,
internal colonial
matters.

The Blue Nile originates in the heart of After achieving its

Ethiopia at Lake Tana. (Source: Wikimedia

independence in
Commons)

1922, Egypt negotiated the Nile Waters Agreement of 1929 with
the East African British colonies. This accord established Egypt’s
right to 48 billion cubic meters of water flow, all dry season
waters, and veto-power over any upriver water management
projects; newly independent Sudan (1956) was accorded rights to
4 billion cubic meters of water. The Ethiopian monarch was not
consulted—at least in part because no one understood how
much Nile water actually came from Ethiopia.

The 1959 Nile Waters Agreement between Egypt and Sudan was
completed before all the upriver states achieved independence:
Tanganika (1961), Uganda (1962), Rwanda (1962), Burundi (1962),
and Kenya (1963).

The signatories of the 1959 Agreement allocated Egypt 55.5
billion cubic meters of water annually while Sudan was allowed
18.5 billion cubic meters. These 79 billion cubic meters
represented 99% of the calculated average annual river flow.

The treaty also allowed for the construction of the Aswan High
Dam (completed in 1971), the Roseires Dam (completed 1966 on
the Blue Nile in Sudan), and the Khashm al-Girba Dam
(completed in 1964 on the Atbara River in Sudan).

The treaty so negatively affected the upriver states that it
provided the inspiration for the Nyerere Doctrine, named after
independent Tanzania’s first president, which asserted that former
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colonies had no obligation to abide by treaties signed for them by
Great Britain.

Emperor Haile Selassie was offended by President Nasser’s
exclusion of Ethiopia in the Nile Waters Agreement and in
planning for building the Aswan Dam. He negotiated the 1959
divorce of the Ethiopian Orthodox Church from the Orthodox
Church in Alexandria, ending 1600 years of institutional marriage.

He also began planning for several dams on the Blue Nile and its
tributaries, contributing $10 million dollars from the Ethiopian
treasury towards a study by the U.S. Department of Reclamation
resulting in a seventeen volume report completed in 1964 and
titled Land and Water Resources of the Blue Nile Basin: Ethiopia.

Nasser responded by encouraging Muslims in Eritrea (reunified
with Ethiopia after World War 1l) to secede from Ethiopia. He also
encouraged Muslim Somalis to fight for the liberation of Ethiopia’s
Ogaden region.

Ethiopia won the war with Somalia in 1977-78 and retained the
Ogaden. Its 30 year war with Eritrea, an Egyptian ally, came at a
tremendous cost. Haile Selassie was overthrown in 1974, and
after 1993 Eritrea won independence and Ethiopia became a
landlocked country —although it still possessed the headwaters of
the Blue Nile.

In the middle of the 1980s, rains failed in the Ethiopian highlands,
causing a serious water crisis upriver and downriver. One million

Ethiopia lost its Red Sea coastline when a civil war resulted in the
secession of Eritrea. (Source: Wikimedia Commons)

Ethiopians died as a result of drought and famine—made worse
by Civil War with Eritrea. Egypt averted disaster but Aswan’s
turbines were nearly shut down, creating an electric power
nightmare; and crops failed in the delta, bringing the real prospect
of famine.

As a result, Egyptians came to understand that their great Aswan
Dam had not solved their historic dependency on upriver Nile
water. In 1987, after years of hostile rhetoric, the Egyptian
President Hosni Mubarak and the Ethiopian President Haile
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Mariam Mengistu replaced the language of threat and
confrontation with words of conciliation and cooperation.

Then in the 1990s the Ethiopian rains returned and, remarkably,
Hosni Mubarak redoubled efforts begun during the Sadat
administration to build the Toshka Canal, one of the world’s most
expensive and ambitious irrigation projects. This plan would take
10% of waters in Lake Nasser to irrigate Egypt’s sandy Western
Desert, increasing Egypt’s need for Nile water even if they
maintained their 1959 treaty share of 55 billion cubic meters.

In anger and disbelief, the Ethiopian Prime Minister Meles Zenawi
protested: “While Egypt is taking the Nile water to transform the
Sahara Desert into something green, we in Ethiopia—who are the
source of 85% of that water—are denied the possibility of using it
to feed ourselves.”

He then began plans for the Grand Renaissance Dam.

International water law has not resolved differences about
ownership of Nile Waters. The Helsinki Agreement of 1966
proposed the idea of “equitable shares” —and the idea was taken
up again in the 1997 United Nations Convention on the Law of
Non-Navigational Uses of International Watercourses.

A proposal for “equitable shares” was again put forward in the
1999 Nile Basin Initiative, which included all the affected

countries. Unfortunately the initiative did not resolve the conflict

The Blue Nile Falls fed by Lake Tana near the city of Bahar Dar, Ethiopia
forms the upstream of the Blue Nile. (Source: Wikimedia Commons)

between Egypt and Sudan’s claims of historic rights and the
upper river states’ claims for equitable shares.

In 2010, six upstream countries (Ethiopia, Kenya, Uganda,
Rwanda, Burundi, and Tanzania) signed a Cooperative
Framework Agreement seeking more water shares. Egypt and
Sudan rejected the agreement because it challenged their historic
water rights.
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Ethiopia and the Lessons of Dam Building

One lesson from
the last century of
mega-dam building
is that upriver
countries have the
most power when
negotiating water
rights. The first of
the mega-dams,
Beginning of the Blue Nile River by its outlet the Hoover Dam on

from Lake Tana. Photo by Ondrej Zvadek.
(Source: Wikimedia Commons)

the Colorado River
in the United
States, cost
Mexico water. The Ataturk Dam in Turkey has had a devastating
impact on downriver Syria and Irag. China and Tibet control
waters on multiple rivers flowing downstream to India, Pakistan,
Myanmar, Bangladesh, and Vietnam.

Another lesson is that mega-dams have enormous and
unanticipated environmental impacts. The Aswan High Dam has
disrupted the ecosystems of the river, the delta, and the
Mediterranean with results of reduced agricultural productivity
and fish stocks. It also caused a series of seismic events due to
the extreme weight of the water in Lake Nasser, one of the world’s
largest reservoirs.

Although late to mega-dam building, Ethiopia is now making up
for lost time. One of the tallest dams in the world was completed
in 2009 on the Tekeze River in northern Ethiopia. Three major
dams on the Omo and Gibe Rivers in southern Ethiopia are either
completed or nearly so.

The biggest of Ethiopia’s water projects, the Grand Renaissance
Dam, will have a reservoir holding 67 billion cubic meters of water
—twice the water held in Lake Tana, Ethiopia’s largest lake—and
is expected to generate 6000 megawatts of electricity.

Ethiopians hope these water projects—which extend to 2035 with
other Nile tributaries and river systems—will lift their country out
of poverty. Similar large dams have produced economic miracles
in the United States, Canada, China, Turkey, India, Brazil, and, of
course, Egypt.

Ethiopia’s options for economic development are limited. With
nearly 90 million people it is the most populous landlocked
country in the world. It is also one of the world’s poorest countries
—174 on the list of 187 countries in the United Nations Human
Development Index for 2012. (Sudan is 169 and Egypt 113.) This
index rates countries based on life expectancy, education, and
income, among other criteria.

Part of Ethiopia’s challenge is that 85 percent of the workforce is
in agricultural commodities that bring low profits. Ethiopia is
already leasing land in its southern regions to Saudi Arabia, India,
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and China for large irrigated water projects —despite severe land
shortage in its northern regions—because it does not have the
funds to develop this land on its own.

If Ethiopia cannot use its elevation and seasonal rains for hydro-
electric power and irrigation, what is it to do?

The Grand Renaissance Dam

The state-owned Ethiopian Electric Power Corporation
optimistically reports that the Grand Renaissance Dam will be
completed in 2015 at a cost of nearly 5 billion dollars. As of 2013,
the project is 13% complete, suggesting that it may be many
years and billions of dollars before the dam is finished. The
Tekeze dam was well over its predicted budget and years behind
schedule.

The major obstacle to completion is financing.

The World Bank, the European Investment Bank, the Chinese
Import-Export Bank, and the African Development Bank provided
financing for some of the other dams; but concerns about the
environmental and political impact of this latest dam have
discouraged lenders.

The International Monetary Fund suggested that Ethiopia put the
dam on a slow track, arguing that the project will absorb 10% of
Ethiopia’s Gross Domestic Product, thus displacing other
necessary infrastructure development.

Nevertheless the Ethiopian government insists that it will stick
with its schedule and finance the project domestically. It probably
will secure more help from China, a loyal ally and the world’s
major developer of hydroelectric power.

The Ethiopians argue that the Grand Renaissance Dam could be
good for everyone. They contend that storing water in the deep
Blue Nile Gorge would reduce evaporation, increasing water flows
downstream.

The Ethiopians also argue that the new dam will be a source of
hydroelectric power for the entire region and will manage flood
control at a critical juncture where the Nile Gorge descends from
the Ethiopian highlands to the Sahel, thus reducing risk of
flooding and siltation, extending the life of the dams below
stream.

Egypt and Sudan are understandably concerned about Ethiopia’s
power over Nile waters. What happens while the reservoir behind
the Grand Renaissance Dam is filling up, when water flow may be
reduced 25 % for three years or more? After the reservoir is filled

what will happen when rains fail in the Ethiopian highlands? Who

will get the water first?

If the question of Nile waters was sensitive in the centuries before
1900, when Ethiopia and Egypt each had populations of 10
million or less, what will happen over the next twenty years, as
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their populations each surpass 100 million and the collective
population of the Nile River Basin countries reaches 600 million?

The Grand Renaissance Dam poses a question as basic as water
itself: Who owns the Nile? When the Grand Renaissance Dam
closes its gates on the Blue Nile River, whether it is in 2015 or
2025, the time for a final reckoning will have arrived.

Ethiopia will then have the power to claim its water shares, with
the backing of all the upriver states. Egypt and Sudan’s claims to
historic water rights will have become merely hypothetical. In the
context of a difficult history, violence is a possibility, but good
solutions for all can be achieved through diplomacy and

leadership. o
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Maps and Charts

Lake Nasser

Map of Egypt showing the location of Lake Nasser
and the Toshka Lakes. (Source: Wikipedia)

The White Nile Meets the Blue Nile

The White Nile Meets the Blue
Nile

The confluence of the Blue Nile and the White Nile is also the
location of Khartoum, capital of the Republic of Sudan.
(Source: Wikipedia)
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o Additional Image
Nile River Watershed

Toshka Canal Construction

A topographic map of the Nile River The Toshka Canal, one of the world’s most
watershed with political boundaries in red. expensive and ambitious irrigation projects, would
(Source: Wikipedia) take 10% of waters in Lake Nasser to irrigate
Egypt’s sandy Western Desert, increasing Egypt’s
need for Nile water. (Source: Wikimedia Commons)
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Section 4

Dry Days Down Under: Australia and the World Water Crisis

EDITOR’S NOTE:

For several years now, Australia, the driest
inhabited continent, has been suffering perhaps
the worst drought in its recorded history. Amidst
disappearing rivers and empty dams, farmers have
watched their fields go barren and their livestock
perish, while urban dwellers face greater and
greater restrictions on water use. Terrible wildfires
have swept through the country, scorching millions
of acres of land. The drought is challenging
Australians' very idea of who they are as a people
and their faith in the future. Australia is hardly alone
with these problems, as much of the globe
struggles with insufficient, polluted,
oversubscribed, and increasingly expensive water.
How successfully Australia responds to its current
water woes will offer an important road map for
others around the world. This month historian
Nicholas Breyfogle puts the current Australian

drought into historical perspective.

Published April 2010; updated January 2011.

By NICHOLAS BREYFOGLE
Australia has water troubles.

For at least the past nine years, the
people "down under" have been
experiencing perhaps the worst drought
of their history, the "Big Dry," as they're
calling it.

The drop in rainfall and river flows has
been most severe in the southern and
eastern states (Victoria, New South
Wales, South Australia, and parts of
Queensland), which happen to house
the majority of Australians and also the
country's major agricultural centers. Dry
days—dry decades, in fact—are also
dogging Western Australia's major city,
Perth.

A sign illustrating Level 5 Water
Restrictions in Goulburn, New South
Wales, 2006, during the worst of
Australia's decade-long drought.
Australia's unique rainfall patterns and long
history of human transformation of water
combined to produce the "Big Dry," and
Australians continue to struggle over how
to respond to the challenge that repeated
drought poses to their future. (Source:
Bidgee)

Australia, with its approximately 22 million people, has by some estimates the

planet's 15th largest economy. But the current drought has abruptly reminded
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Australians of the limits that natural resources and climate place
on human activity.

Although rains this past winter have done their part to mitigate
the worst of the drought, over the last decade city residents have
been placed on stringent water-use restrictions in an effort to
reduce daily consumption: gardens have gone unwatered and
people showered with buckets to catch the water for other uses.

Even with the strictest of limitations in place, the threat that the
water could run out confronted each of Australia's cities. In 2007,
word in Brisbane was that without sufficient rain, the city would
run dry in 2009. The same year, the people of Adelaide were told
that "critical human needs" might not be met in the future.

To make matters worse, thirsty animals have been barging their
way into human settlements. Snake bites are on the rise in
Victoria and New South Wales as venomous snhakes across
southeastern Australia have slithered to urban areas in search of
water. In November 2009, about 6,000 camels overran the
outback town of Docker River in the Northern Territory (pop. 350)
in search of water, head-butting water tanks, trampling fences,
and licking water from air conditioning units.

If the urban areas have found their lifestyles cramped, the
agricultural sector has been devastated by the drought. Irrigation
farmers who specialize in "thirsty" but highly profitable crops like
rice and cotton have been especially hard hit.

By 2008, rice growing came to a standstill, falling 98% across the
country. The rice mill in Deniliquin (New South Wales), which
alone used to produce rice for as many as 20 million people
around the world, shut its doors. The result was a global
shortage, with world rice prices doubling and violent food
protests erupting across the globe.

Pastoral livestock farmers have also suffered. "l can't stand lying
in bed every night and hearing the cattle bellow from hunger,"
lamented dairy farmer Malcolm Adlington in 2009 to a National
Geographic reporter.

Water trough on a sheep farm 50km north of Deniliquin, New South
Wales. (Source: Wikipedia)
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Not long ago, Anna Creek in South Australia was home to the

planet's largest cattle station—24,000 square kilometers, larger

than Israel—but now there are few cattle left. Most have been

sold off, but carcasses of the less fortunate dot the landscape.

And the price tag for this agricultural breakdown has been high

for the Australian government: several billon dollars in drought

relief to rural areas since 2001.

To make matters worse,
Australia's fragile
ecosystems are also in
crisis. The most important
river system, the Murray-
Darling Basin (MDB), is
suffering severe
environmental distress.
The Basin covers 14% of
Australia and produces
40-45% of all of Australia's
agriculture (A$14 billion/
year).

All through the catchment,
wetlands have
disappeared to disastrous
results. Today, 75% of the
long-lived, majestic River

Red Gum Tree suffering water stress,
July 2009. (Source: photo by author)

Red Gum trees are considered dying or stressed, and the birds
and fish that relied on the river's water to breed are failing.

In recent years, as more and more water has been diverted for
human usage, the Murray has dried up before reaching the sea.
The extreme drop in fresh water has raised the salinity levels of
the vibrant coastal ecosystem known as the Coorong and two
nearby lakes, Albert and Alexandrina. Wholesale changes in flora
and fauna are underway and, in the case of Albert, the receding
water has exposed acid sulphate soils to the air producing
poisonous sulfuric acid across large segments of the dry lakebed.

The drought, along with record high temperatures and strong
winds, has also helped to spark bushfires. Black Saturday
(February 7, 2009) saw ferocious wildfires tear through the state
of Victoria, killing as many as 200 and reducing more than a
million acres to ashes. It was Australia's worst peacetime
disaster.

And the wildfires will make the drought worse. The new trees that
grow up in the place of the burned-out forests require more water
to thrive than do mature ones. With more of the precious rainfall
diverted directly into the roots of these young saplings, there is
less that flows into the rivers to then be used by humans,
animals, and plants downstream. Like much in nature, the
drought is a self-reinforcing event.

How, we should ask, has it come to all this?
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Australia's water woes are, in part, a result of natural climate and
hydrological rhythms that have characterized the continent for
millennia (although transformed of late by climate change).

They are also the result of significant human meddling in the
environment that has taxed the country's water and ecological
systems to the point of collapse. Human transformations
(especially through river regulation and irrigation) have intensified
the extent of the drought while limiting the choices Australians
have to alleviate its worst effects.

Australia is hardly alone in their water troubles. Much of the
planet finds itself these days confronting serious water issues of
one sort or another. In this way, Australia is likely to play the role
of canary in the coal mine. The successes and failures of
Australians to confront the Big Dry will be lessons that the rest of
the world will ignore at its peril.

"A Sunburnt Country .... Of droughts and

flooding rains"

Australia is no stranger to drought, as these words of 19th-
century poet Dorothea Mackellar remind us. It is the driest
inhabited continent (only Antarctica receives less annual rainfall)
and the current drought is explained in great part by the cyclical
(if unpredictable) rainfall patterns that have long typified
Australian weather.

Droughts affect parts of Australia every few years and major
droughts come at least once per generation. The Big Dry is one in
a long series.

The Federation Drought (1895-1903) —so named because it
coincided with Australia's birth as an independent and united
nation—has long been considered the worst in Australian history.
By 1902, Sydney's water supply was running out, and the New
South Wales government declared a day for "humiliation and
prayer" to bring rains. The number of sheep in the country was
cut in half—from 91 million to 54 million—and almost 5 million
cattle died. In 1903, horrifying dust storms raged.

Similar major droughts ravaged the landscape during the 20th
century: in 1911-16, 1939-45, 1958-68, 1979-83, and 1997-98.

Australia is also no stranger to floods. Seasonal flooding causes
as much as $400 million a year in damages, and major floods
appear on a regular basis. Just this March, southwest
Queensland experienced its worst flooding in a century.

Between droughts and floods, one of the most defining
characteristics of Australia's climate and hydrologic structures is
the extreme variability of rainfall: from year to year and seasonally.

Scientists generally argue that Australia's cycle of boom and bust
rainfall is the result of processes in the neighboring Pacific, Indian
and Southern Oceans.
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In particular, weather patterns in the South Pacific are crucial to
the continent's climatic fortunes, especially El Nifio events (which
appear every 2-7 years and bring drought to southeastern
Australia) and La Nifa (rains and floods). Variations in air pressure
in the tropical western Pacific (measured by the Southern
Oscillation Index) and differences in sea temperature in the Indian
Ocean (the Indian Ocean Dipole) are also driving forces of
Australia's weather.

Australia is also characterized by high regional variation of rainfall,
with 25% of the landmass receiving 75% of the precipitation. In
fact, Australia has more water per capita than any other
continent, but it all tends to come in huge batches and to land in
parts of the country that are relatively unpopulated.

Australia is subject to significant drought for other reasons,
including its latitude (with much of the country lying in the
extremely dry belt between 15 and 35 degrees south of the
equator) and its relative flatness (which means less rain and
higher rates of evaporation).

Importantly too, Australia has the lowest run-off of any continent
—that is, the lowest percentage of rainfall that actually makes its
way into rivers, lakes, and other freshwater bodies: only 10% on
average, compared to approximately 52% in North America, 48%
in Asia, 39% in Europe, and 38% in Africa.

"Water Dreamers"

Yet, for all the variability built into Australia's climate and its
propensity for drought, the current dry period is not simply an
outcome of the continent's cyclical climatic patterns of wet and
dry. It is also the result of what European settlers have done to
transform and extensively regulate Australia's water flow since
the First Fleet sailed into Sydney harbor in 1788. Through their
history, Australians have often been, in the insightful phrasing of
historian Michael Cathcart, "water dreamers."

The story of water during the opening days of Sydney's history
unveils a pattern that has characterized much of Australian
history since: the repeated, often desperate search for sufficient
water; the enduring hopefulness that each new water source or
hydro-engineering feat would "solve" the water problem; the
boundless faith that they could make bounty pour forth from even
the most arid lands; the ruination of ecosystems in the effort to
redirect water; exploding costs for water projects that often
produced unexpected and unwanted consequences; and
tensions between private corporations and government officials,
and between Europeans and Aboriginal peoples.

Over the centuries, animals and plants in Australia adapted to the
arid, boom-bust cycles. The Aboriginal peoples—who arrived in
Australia some forty to sixty thousand years ago—also developed
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their social, economic, migratory, and religious activities around
the natural cycles of wet and dry.

By contrast, the Europeans who arrived in Australia were wetland
people, and they had a hard time making sense of Australia's
particular climate and hydrology. Instead of the water systems
that they knew from Europe, they found "rivers that spread out
into swamps then disappeared into huge reed beds; rivers that
dried out, that went underground then reemerged further down
the river bed; rivers that were salty; rivers that were chains of
ponds; rivers that consisted of dry, sandy beds," as journalist Asa
Wahlquist has written.

The initial water supply in Sydney, the Tank Stream, quickly
became a site of contention—and disastrously polluted—as local
elites built houses next to the stream, into which they poured their
sewage and the run-off from the pigs in their yards and their
tanneries and other manufactories.

Those who could afford it paid water carters a handsome price to
lug water for them from swamps at some distance from the
settlement. As the water carters served primarily the rich, and any
drinkable water became scarcer, local society came to argue that
government authority needed to intervene to ensure water for all.

They turned to water sources farther afield. First came the
Lachlan swamps about three kilometers from Sydney. Local
officials planned to pipe water from the swamps to a central

holding tank from which they would run water into the center of
Sydney. Convicts were put to work building the water tunnel in a
project that took substantially longer and cost a great deal more
than planners had anticipated. Ultimately, the water was quickly
squandered. No gate was included at the terminus, so the water
simply poured out onto the streets. And very soon the swamps
began to dry up, ending the water source and destroying the local
ecology in the process. Then Sydney turned to the Botany
swamps, with similar results.

The taking of these waters worsened already tense relations with
the Aboriginal Cadigal people who had relied on these same
waters for generations, and for whom the draining of marshes
and the felling of trees was a spiritual and cultural affront as well
as a threat to their existence.

The Water Seekers

Very soon after the initial Sydney settlement, the anxious if ever
hopeful search for water intensified in scope. Through the early
nineteenth century, there were a series of explorations—highly
publicized, well funded, and ultimately fruitless—sent into the
interior of Australia in search of a great river or an inland sea that
would be the salvation of Australia.

Even in the face of thirst-induced deprivations, delusions, and
occasionally death—and all manner of physical evidence to the
contrary—these water explorers maintained a powerful, self-
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deluding optimism that the great river was just around the next
corner (or over the next dune). Somehow or other the dryness
would be conquered and a prosperous Eden would be created.
The question was not if but when and how.

Leading Australians believed that if only a major river could be
found, then the inevitable Golden Age of Australia would be
attained. And they felt sure one must be out there. America had
its Mississippi; Brazil its Amazon; China its Yangtze, how could it
be possible that a continent as large as Australia would not have
a similar river?

The absence of such a river, and the Europeans' inability to
master Australia's waters, became linked in their minds with
concerns about their colonial mission. Failure to find water, and
failure to put this water to productive use, would entail a failure of
Europeans to "civilize" the new continent. It would leave open the
discomforting question—were they no better than the Aboriginal
peoples who they chastised for not having developed "civilized"
agricultural communities?

The line beyond which

The growth of Australia's population over the first half of the
nineteenth century increased the demand for agricultural land,
forcing Australians to confront the environmental limitations of
their new continent. The battle between water idealists and
realists was soon engaged.

During the drought of 1865,
the Surveyor General of
South Australia, G. W.
Goyder, took extensive
surveys of the native
vegetation near Adelaide
and determined a
geographic line north of
which it was no longer safe
to practice agriculture.

In 1872, all land south of

Goyder's line was officially

opened to settlement, but
George Woodroffe Goyder (in 1869), the demand for land soon
Surveyor of Australia who
demarcated the Goyder Line of
rainfall, north of which the climate

prohibited sustained agriculture.
(Source: Wikipedia)

outstripped all good sense.
Several very wet years in
the 1870s lead settlers to
push north, following the
mantra that also helped
propel people further West in the United States: "rain follows the
plow." The government encouraged these people on. Goyder was
ridiculed.

The drought years of the late 1870s and 1880s put an end to
those dreams. The farmers packed up and moved south and east
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again, leaving behind ruined homesteads and ghost towns as
monuments to their hopefulness and unrestrained confidence.

Their memory was short, however, and already by 1900 settlers
had again moved their way north of the line, with predictable
results of crop failure and destitution when the drought of
1914-17 hit. This time, however, the government stepped in to
keep the farmers on this dubious land. The political pressures to
find land for the growing population far outstripped the actual
realities of sustainable crop cultivation.

The Engineers of Nature

As the dreams of the great inland river or sea desiccated in the
failures of the Australi