


WATER
OF THE WORLD

by Raymond L. Nace

DISTRIBUTION OF MAN’S LIQUID ASSETS
IS A CLUE TO FUTURE CONTROL

Most people know that water is unevenly
distributed over the Earth’s surface in oceans,
rivers, and lakes, but few realize how very uneven
the distribution actually is. It is instructive to
consider the total inventory of water on the planet
Earth, the areas where the water occurs, and the
long-term significance of the findings.

The world ocean—139 million square miles of
it—contains 317 million cubic miles of saltwater.
The average depth of the ocean basins is about
12,500 feet. If the basins were shallow, seas would
spread far onto the continents, and dry land areas
would consist chiefly of a few major
archipelagoes—high mountain ranges projecting
above the sea.

Considered as a continuous body of fluid, the
atmosphere is another kind of ocean. Yet, in view
of the total amount of precipitation on land areas
in the course of a year, one of the most astonishing
world water facts is the very small amount of
water in the atmosphere at any given time. The
volume of the lower 7 miles of the atmosphere—the
realm of weather phenomena—is roughly four
times the volume of the world ocean. But, the
atmosphere contains only about 3,100 cubic miles
of water, chiefly in the form of invisible vapor,
some of which is transported overland by air
currents. If all vapor were suddenly precipitated
from the air onto the Earth’s surface it would form
alayer only about 1 inch thick. A heavy rainstorm
on a given area may remove only a small
percentage of the water from the airmass that
passes over. How, then, can some land areas



receive, as they do, more than 400 inches of
precipitation per year? How can several inches of
rain fall during a single storm in a few minutes or
hours? The answer is that rain-yielding airmasses
are in motion, and as the water-depleted air moves
on, new moisture-laden air takes its place above
the area of precipitation.

The source of most atmospheric water is the
ocean from which it is derived by evaporation.
Evaporation, vapor transport, and precipitation

constitute a major arc of the hydrologic cycle—the
continuous movement of water from ocean to
atmosphere to land and back to the sea. Rivers
return water to the sea along one chord of the arc.
In a subterranean arc of the cycle, underground
bodies of water discharge some water directly into
rivers and some directly into the sea.

Estimated average annual evaporation from the
world ocean is roughly 39 inches. The con-
terminous United States receives an average of 30
inches of precipitation every year, or about 1,430
cubic miles in total volume. Evapotranspiration
returns approximately 21 inches of this water to
the atmosphere (about 1,000 cubic miles). Obvious-
ly, some rain is water that was vaporized from the
land areas and is being reprecipitated. Evidently
the global hydrologic cycle, which sends water
from sea-to-air-to-land areas and back to the sea
again, has short circuits. These are called subcy-
cles.

There are many complexities and variations in
the fate of water that falls as rain or snow. For
example, high in the central Rocky Mountains of
North America, the Yellowstone River heads in
Yellowstone National Park just east of the
Continental Divide. The river water discharges
through the Missouri and Mississippi Rivers into
the Gulf of Mexico about 1,600 airline miles distant
from the head.

On the west side of the Continental Divide, not
far from the Yellowstone, rises the Snake River
which flows across Idaho to join the Columbia
near Pasco, Washington. Its water eventually
reaches the Pacific Ocean about 700 airline miles
from the source and about 2,200 miles from the
mouth of the Mississippi.
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important locally, but they contribute only minor
amounts of the total water discharged. Thus it is
possible to estimate the total runoff of all the rivers
of the world, even though many of them have not
been measured accurately. Sixty-six principal
rivers of the world discharge about 3,720 cubic
miles of water yearly. The estimated total from all
rivers, large and small, measured and unmeas-
ured, is about 9,200 cubic miles yearly (25 cubic
miles daily).

Crude estimates have indicated that the total
amount of water that is physically present in
stream channels throughout the world at a given
moment is about 300 cubic miles. Evidently, river
channels on the average contain only enough

water to maintain their flow for about 2 weeks.
Some have much more water, others much less, but

it seems to be a fair average. How, then, do rivers

maintain a flow throughout the year, even during
rainless periods much longer than 2 weeks? The
answer to that question will appear later in the
discussion of ground water.

After oceans and rivers come lakes, which can be
called wide places in rivers. This is certainly true of
the many small lakes that are impounded by
relatively minor and geologically temporary
obstructions across river channels. But no single
oversimplified metaphor accurately describes all
lakes, which are widely varied in their physical
characteristics and the geologic circumstances
under which they occur. The handsome little tarn
occupying an ice-scooped basin in a glaciated
alpine area is radically different from the deep and
limpid Crater Lake of Oregon, which fills the
crater of a now-extinct volcano. Lake Okeechobee
in Florida is totally different from any of the North
American Great Lakes, which occupy huge basins
formed in a complex manner by glacial excavation
at some places, moraine and outwash deposition at
others, isostatic subsidence of that wholeregion of
the Earth’s crust, and other factors. The Great
Lakes of North America, in turn, bear no resem-
blance to Lake Tanganyika in the great Rift
Valley of Africa. Processes that are poorly under-
stood created the rift by literally pulling two
sections of the Earth’s crust apart, leaving a deep,
open gash part of which is occupied by the lake.
And these are only a few examples of wide

8












Thus the listing includes Dubawnt Lake, Canada
(about 6 cubic miles), but excludes the Ziirichsee of
Switzerland (about 1 cubic mile). The range of
volume among the large lakes is enormous, from a
lower limit of 5 cubic miles to an upper one 0f 6,300
cubic miles in Lake Baikal in Asiatic Russia, the
largest and deepest single body of freshwater in
existence. Some appreciation of its volume may be
gained from the realization that Lake Baikal alone
contains nearly 300 cubic miles more water than
the combined contents of the five North American
Great Lakes. The Great Lakes loom large on a
map, but their average depth is considerably less
than that of Baikal.

Nevertheless, North American lakes are amajor
element in the Earth’s water balance. The Great
Lakes, plus other large lakes in North America
(chiefly in the 48 States and Canada) contain
about 7,800 cubic miles of water—26 percent of all
liquid, fresh, surface water in existence.

Similarly, the large lakes of Africa contain 8,700
cubic miles, or nearly 29 percent of the total
freshwater supply. Asia’s large lakes contain
about 6,400 cubic miles, or 21 percent of the total,
nearly all of which is in Lake Baikal.

Lakes on these three continents account for
roughly 75 percent of the world’s fresh surface
water. Large lakes on other continents—Europe,
South America, and Australia—have only about
720 cubic miles, or roughly 2 percent of the total.
All that remains to fill the hundreds of thousands
of rivers and lesser lakes that are found through-
out the world is less than one-fourth of the total
fresh surface water.

Saline lakes are equivalent in magnitude to
freshwater lakes. Their total area is 270,000 square
miles and their total volume is about 25,000 cubic
miles. The distribution, however, is quite different.
About 19,240 cubic miles (75 percent of the total
saline volume) is in the Caspian Sea, and most of
the remainder is in Asia. North America’s shallow
Great Salt Lake is comparatively insignificant
with 7 cubic miles.

All these water sources we have discussed .are
the obvious ones. There is another—soil
moisture—that may be the most significant
segment of the world’s water supply because of the
key role played by plants in the food chain. Some
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and transpire about 50 gallons of water per day,
frequent renewals of soil moisture, either by rain or
by irrigation, are essential. The average amount of
water held as soil moisture at any given time is on
the order of 6,000 cubic miles for the world as a
whole—an insignificant percentage of the Earth’s
total water, but vital to life. Relatively little
vegetation receives artificial irrigation, and prac-
tically all of it depends on natural soil moisture,
which, in turn, depends on orderly and timely
operation of the hydrologic cycle.

Another little-considered water reservoir has
been known to man for thousands of years.
Scripture (Genesis 7:11) on the Noachian Deluge
states that “the fountains of the great deep (were)
broken up,” and Exodus, among its many refer-
ences to water and to wells, refers (20:4) to “water
under the earth.” Many other chronicles show that
man has known from ancient times that there is
much water underground. Only recently has he
begun to appreciate how much.

Beneath most land areas of the world there is a
zone where the pores of rocks and sediments are
completely saturated with water. Hydrologists call
this ground water, and the upper limit of the
saturated zone is called the water table. The water
table may be right at the land surface, as in a
marsh, orit may lie hundreds of feet below theland
surface, as in some arid areas. Water in the
unsaturated zone above the water table is called
vadose water and includes the belt of soil moisture.
Water in the intermediate part of this zone has
passed through the soil and is percolating down-
ward toward the water table.

The world volume of that part of the vadose
water below the belt of soil moisture is probably
somewhat more than that of soil moisture—say
10,000 cubic miles. It is highly important because,
although it is not extractable by man, it is
potential ground-water recharge, and ground
water is extractable. Each influx of water from
precipitation on the land surface, followed by
percolation through the soil, provides an incre-
ment of recharge to the ground water.

Below the water table, to a depth of half amilein
land areas of the Earth’s crust, there is about 1
million cubic miles of ground water. An equal if not
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