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Foreword
Texas Technological College, fully cognizant of the global
significance posed by the problems of aridity, established
in 1966 the International Center for Arid and Semi-Arid
Land Studies. The Center, granted official recognition in
1967 by the Coordinating Board, Texas College and University System, is the manifestation of, and response to, the
Coordinating Board's directive that each of the state's universities adopt a special role and scope.
It was appropriate for Texas Technological College to
undertake such a responsible mission because the university
is located within a vast semi-arid region, has long coped with
the adversities associated with aridity, and is relatively near
some of the great deserts of the North American continent.
The International Center, taking unto itself a unique field
of study, intends to enrich the existent body of knowledge
relating to this area, thereby benefitting man and earning
lasting distinction for the parent institution.
Accordingly, to focus public attention on The Center
and to commence fulfilling its stated goals, A Symposium
on Arid and Semi-Arid Lands - A Preview was held in
Lubbock Municipal Auditorium on October 31 , 1966, preceding the inauguration on November 1 of the eighth
President of Texas Technological College. Participants included key public figures in government and the sciences
from both the United States and Mexico.
The Honorable W. D . Rogers, Jr., Mayor of Lubbock,
served as Master of Ceremonies for the morning session, and
John Ben Shepperd, President of the West Texas Chamber
of Commerce, gave the welcome address. The Honorable
Stewart L. Udall, Secretary of the Interior, was introduced
by Dr. Harry H. Ransom, Chancellor of the University of
T exas System. Senor Lie. Emilio Portes Gil, former President of Mexico and Presidente Honorario, Instituto Mexicano de Zonas Aridas, A .C., was introduced by Ing. Alfredo
Jaime de la Cerda, Presidente Ejecutivo, lnstituto Mexicano

de Zonas Aridas, A.C. Dr. S. Dillon Ripley, Secretary of tht
Smithsonian Institution, was introduced by Dr. J. R . Woolf
President of the University of Texas at Arlington.
The Honorable H . J. Blanchard of Lubbock, Senator
State of Texas, served as Master of Ceremonies for the noon
program in Lubbock Municipal Coliseum, and the Honorable
George Mahon , Congress of the United States, introduced
the Honorable John Connally, Governor of Texas, who delivered the main luncheon address.
The Honorable Preston Smith, Lieutenant Governor of
Texas, served as Master of Ceremonies for the afternoon
session in Municipal Auditorium. Dr. Jack K. Williams,
Commissioner, Coordinating Board, Texas College and University System, introduced the Honorable John W . Gardner, Secretary of Health, Education and Welfare. Dr. Philip
G. Hoffman, President of the University of Houston, introduced Dr. William T. Pecora, Director of the United
States Geological Survey, and Dr. Robert C. Goodwin, retiring President of Texas Technological College, introduced
Dr. Luna B. Leopold, Senior Research Hydrologist, United
States Geological Survey.
This volume is intended to set forth and preserve the remarks of the distinguished Symposium participants, to whom
we are deeply indebted, in the firm belief that their remarks
will make an important and lasting contribution to the
world's knowledge of aridity. I would be remiss if I did
not single out and extend my deep, personal thanks to Dr.
Gerald W . Thomas, Dean of the School of Agriculture at
Texas Technological College, and members of his Inaugural
Committee for an exceptionally fine job in planning the
entire program.
Dr. Grover E. Murray, President
Texas Technological College
Lubbock, June, 1967

Contents
THE ARID LANDS-CONSERVATION
THE KEY

Is

ALWAYS

1

Honorable Stewart L. Udall
Secretary of the Interior
ARID AND SEMI-ARID ZONES IN MEXICO

15

Sr. Lie. Emilio Portes Gil
Presidente Honorario, Instituto Mexicano de Zonas Aridas, A.G.
THE CHALLENGE OF ADAPTING HUMAN SOCIETIES
TO ARID ENVIRONMENTS

23

Dr. S. Dillon Ripley
Secretary of the Smithsonian Institution
RESOURCE DEVELOPMENT IN TEXAS

33

Honorable John Connally
Governor of Texas
EDUCATION: THE HUMAN SIDE OF EcoNOMIC
DEVELOPMENT

41

Honorable John W. Gardner
Secretary of Health, Education and Welfare
GEOLOGIC SCIENCE AND THE FUTURE OF MAN

49

Dr. William T. Pecora
Director, United States Geological Survey
MAN AND CLIMATE

Dr. Luna B. Leopold
Senior Research Hydrologist, United States Geological Survey

57

The Arid LandsConservation Is Always the l(ey
HONORABLE STEWART

L.

UDALL

Secretary of the Interior

It is indeed an honor for me to be here today. Selection of
a new leader for a great academic institution and a new
mission are events that should be celebrated. I think you are
doing it with a proper flourish in having a symposium of
this kind. I am delighted to be here and to participate. I
must make a confession at the outset, however. My contact
this week with Tech is an intellectual one, and I hope I
leave some small deposit here. My previous contact-thinking back-was athletic, as a former basketball player who
came here some 26 years ago. I am glad to see that the old
gym remains as one of the landmarks of your institution.
I don't know what purpose it serves now, but it did not
serve with particular distinction then as a gym. But I am
glad it is still here and I felt at home as I drove by it this
mormng.
I cannot come to this part of Texas, either, without
making a passing comment about another landmark. This
happens to be your Congressman, George Mahon. There was
a Texan who loomed very large in the deliberations of the
House of Representatives when I was in the House a few
years ago, and whose name, of course, was Sam Rayburn.
He is no longer there, but there is another Texan who looms
large not only physically, but in terms of the influence
he has in the House of Representatives and in the Congress.
He knows the meaning of conservation because he is from
the arid lands. He is a United States Representative in the
best sense of that term. I juse hope all of you fully know and
appreciate what contribution this part of Texas is making
in keeping someone like George Mahon on the job in the
Congress.
A lot has been said in recent months about two Presidents
who served 1,000 days. Well, there are four of us left in
1

the Cabinet who have had 2,000 days, and we still manag<
somehow to keep going. It has been a great delight to me tc
work for both of these great Americans. I don't think wt
have had any President who has more of an awareness of
the importance of conservation and of water than President
Johnson. He and I really are the only two Westerners in
this Administration. President Johnson's understanding that
conservation is crucial has certainly made my job easier when
working with him.
All of us in my Department-and I think everyone concerned with conservation-applaud the choice of Grover
Murray as the new president of this institution. I don't know
how your Board went about the process of selection, but all
of us would say to you that you chose brilliantly and well,
because it is highly appropriate that a geologist be the head
of this institution.
We also commend the choice that you have made in selecting a new mission for this institution, because there is
a special challenge abroad today in terms of conservation in
the arid and semi-arid lands. This is a subject that is of interest not merely in the arid regions of this country, but it
is of wide significance. I would again like to commend those
who put together this symposium for their wisdom in inviting President Portes Gil to come and to participate. We share
a continent with two other great nations and the closer we
work together on common problems the better, because we
literally share resources with them. For example, in a very
arbitrary and grandiose way, rivers ignore international
boundaries as well as the boundaries of states. Living in the
Southwest as I have, and sitting perhaps too often looking
into the Mexican sunsets, I know that we all share both the
beauty and the bounty of the land.
The High Plains country is a special geographic-geologic
problem-and always has been, of course.
It was Robert Frost, the poet, who once wrote, "What
makes a nation in the beginning is a good piece of geography." I think most people who first came here to the High
Plains country found it not very inviting because so much
of it was arid. It was said that this wasn't a very good · piece
of geography. It was a harsh country, a country where a
2

man had to scratch and wrestle and work and develop some
sort of understanding of geography in order simply to
survive.
But men did come and they began to understand. Mistakes were made, but we see now the beginning of a great
civilization in this part of the world.
I think in terms of the new mission you have chosen
when I suggest that if there are a few books everyone should
dust off and read again, one certainly would be Warner
Prescott Webb's The Great Plains. Another would be Wallace Stegner's Beyond the Hundredth Meridian. Certainly all
of us should reread John Wesley Powell's report on The Arid
Lands and perhaps, for good measure, some of J. Frank
Dobie's books as well.
But this special province has needed special interpretation
and such understanding that I would like to think this symposium might be the beginning of new insight and understanding into the problems of the people who live in and
work with arid lands.
If I had my way, I would much prefer that the United
States and the world itself slow down its rate of population
growth. I think if we could slow down and level off for a
few years we might better decide how we ought to growand we could perhaps «grow right," as someone has put it.
But I suspect that growth is going to continue. However,
there is no question that if growth continues-and we are
to have the right pattern of growth- then the arid and
semi-arid regions of our country offer the best hope for the
right kind of growth; that is, unless we continue to follow
the wrong path by piling. up tremendous urban conglomerations in certain parts of our country, creating what can
only be described as human anthills.
The failures of stewardship of resources in this part of
the world include slaughter of the buffalo, include the dust
bowl, include the overgrazing-all of which destroyed some
of the resources in parts of this region. But there have been
brilliant successes, as well, in our irrigation program, our
programs of oil exploration and of land reform. These are
things that we can point to with pride when we look at the
history of this region.
3

I think when one glances at the last century and gains an
understanding of the importance of the arid lands of this
Nation and of the world, two prophetic figures really stand
out. Curiously enough, both were men who spent most of
their lives in the western region of the United States. One
was George Perkins Marsh of Vermont. The second was
John Wesley Powell, who was from Illinois. They gained
their insight, of course, as good scientists always do, by
firsthand observation: Marsh, by looking at the rim of the
Mediterranean as an early diplomat for this country; Powell
by his travels in the west and by his constant observation of
geography, of men and of land.
They pointed out rather quickly something that others
learned the hard way: in arid and semi-arid regions Nature
is fragile and a mistake very quickly causes Nature to strike
back. Marsh himself saw the remains at Carthage, what had
happened in Greece, and how civilizations had gone to dust
on the rim of the Mediterranean. Seeing those things, he
realized that what we now call conservation-wise management-was always the key to the success of man in establishing a foothold in arid regions. Despite the lessons of the
Mediterranean, we made some of the same mistakes ourselves. If there was any dramatic failure of land management--someone described it as a failure of people-it was
the Dust Bowl itself. But we recovered quickly and we instituted programs of repair and reclamation and now we can
hopefully point out to other people in other regions of the
world how they can avoid the pitfalls into which we fell.
John Wesley Powell had been an Army major and lost
an arm at Shiloh. We remember him, though, not for his
military accomplishments, but for his scientific attainments.
He was a man with prophetic vision who enunciated the
truths that he grasped. Because he was a man of plain speech,
he was left with only shreds of honor in his own lifetime.
His report on the arid regions of the United States, submitted
to Secretary of the Interior, Carl Schurz, on April 3, 1878,
was described by the late Bernard De Voto as one of the
most remarkable documents ever written by an American;
a hook, De Voto said, which of itself opened a new era in
national thinking.
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We have learned since that time that conservation succeeds only where there is foresight, where men understand
and prepare for the needs of the future-and Powell, if he
had any quality, had foresight. He saw the needs of tomorrow; he saw 50 years ahead-this was his great genius.
For 11 years Major Powell studied the ecology of the Great
Plains and the plateau country. He crisscrossed the plains to
the Rocky Mountains. He explored the Colorado River, perhaps the last great adventure on this continent, if one perhaps leaves out Alaska. In his voyage down the Colorado
River, which was entirely unexplored country and forbidding indeed in 18 69, Powell studied the cycles of rivers and
of rainfall. He looked closely at the village life of the Mormon settlers and the Indians. And when he was through, he
had learned the essentials of order in this arid land of the
West. Powell had a faculty for grasping essential truths and
for stating them with candor. He was a geologist, but he
was also a politician. The big water problems, at least in
my view, faced in so mariy parts of the West are as much
political as they are any other kind.
Water, Powell perceived, was the crucial singual resource
of any arid region, and, therefore, of the West. Men needed
a whole new approach for colonization and settlement.
Water planning keyed to an over-all conservation approach
was the answer. Powell saw this and asserted it in his report,
in his other writings and in his speeches. The potential irrigable lands formed only a small percentage of the area
and the best opportunity for irrigation, he saw, was in the
development and conservation of the water of large streams.
This would require a new pattern of cooperation between
man and government. Powell's idea was that in irrigable
valleys settlers could join to form irrigation districts and
apply to the Federal Government for a survey. It is surprising, really, how long it took us to come to recognize the
wisdom of Powell's idea, again a political idea, but you had
to have new human institutions, political institutions-the
irrigation districts. And, out of this, just think how many
different governmental entities were spawned. We have
given them different names, but it is essentially people getting together to organize a unit to manage resources for the
5

common good: soil conservation districts, improvement districts and management of underground petroleum resources.
Powell grasped at the very beginning the initial truth that
new institutions were needed to manage resources. He believed, also, that a survey should' not proceed by the traditional rectangular system only, which he saw did not fit
arid regions, but according to watershed and drainage basins.
In other words, you have to respect Nature . . . first find
out what Nature's laws are, then develop your plan to work
with Nature.

It was this simple. So simple that men in wet regions didn't
have to make plans to work with N ature--N ature usually
saved the day when a mistake was made.
But in the dry area Powell knew so intimately, water access was absolutely essential, as was the control of water.
Plots to be developed should be shaped by the terrain. Without water, the land itself was of little value. Thus, new
water rights and new forms of cooperation would be needed. Reservoir sites should be selected early and reserved so
there would be no problem later in increasing irrigation storage. Unless there was proper planning, Powell foresaw that
the whole region would come to grief. This vital part of
the West would remain add and semi-arid unless land policies
and political and social institutions were shaped to fit the
demands of Nature. Man simply had to adjust to Nature,
not Nature to man.
This was his philosophy and this was the great insight
that he brought to his world. He saw that the grazing or
pasture lands which formed the largest part of the arid
regions were a special problem. Overgrazing had already
damaged millions of acres of p:u blic rangeland. Powell proposed that settlers organize into pasturage districts and that
government surveys carve out livestock ranges covering four
whole sections in a water right. Ranch residences, he said,
should be grouped to ·secure the benefits of local social organizations. The range should be jointly managed common
pastures. He would have applauded such later concepts as
soil conservation, irrigation districts and the range management practices under which we presently safeguard the pub6

lie lands of the United States and of some of the individual
states.
. When it came to the timberlands, which constituted 20
to 25 per cent of the arid region, he viewed them as the
most valuable of all, because these were the watershedswhere the snow would be stored and where the springs
would flow. He noted that the area of standing timber was
much less than the extent of the timber region because part
of the forests had been destroyed by fire and therefore had
to 'be restored. The forests had to be managed as the great
water catchers, he said, and while the timber regions were
not suitable for farming or pasturage they had to be protected from fire. This was highly essential, he argued.
Because it was believed that the Indians had set the forest
fires to drive out game, the way to preserve the forests was
to find more suitable places for the Indians, Powell asserted.
I wol,lldn't say that we did a good job in that on the whole,
but we achieved a solution and our problem now with our
Indian people is to help them develop their resources-both
human and natural-in a way that we haven't. We are
trying to .do that.
Powell saw the watersheds as the lungs or sponges of life.
They were all-important, he insisted. .
Now remember that this was in the late 1870's. One must
fix that date well in mind to realize how fully prophetic
Powell was. His report, naturally, was very controversial
because it dared speak of the danger of deficiency when
everyone was believing that our resources were inexhaustible.
In the 1870's, we were still marching across the country
leveling our forests. We were still in the process of eliminating wildlife. It was a call for planning in an area that
scorned all plans. However, after the great droughts of the
80's drove Powell's voice home, his report was dusted off a
decade or so later and in 18 88 the Congress called Powell to
duty and passed legislation and put him in charge of irrigation surveying. He thought it might take six or seven years
and $6,000,000 to $7,000,000 to get· the necessary facts to
lay out an irrigation program for the West for sound water
conservation But time and impatient politicians conspired
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against him and his survey was discontinued. The rains came
back and people forgot his truths.
Ultimately, his ideas were vindicated and a few months
before he died in 1902, with Teddy Roosevelt in the saddle
and with Powell's own friends alongside, legislation was
passed establishing a national reclamation program.
The essentials of the Powell program began to be adopted.
In the decades that followed, we have witnessed the harnessing of major streams of the West with multi-purpose
dams and the extension of irrigation to the vast areas of the
desert and semi-desert country. Indeed, the American idea
of irrigation is one of our quiet exports to many _o f the nations of the world today.
. Of course, no one understood nor could Powell have estimated the extent of the underground water resources that
existed and that were found in this particular High Plains
region and in other parts of the Southwest . New Mexico
and Arizona, it turned out, had great underground aquifers.
From a conservation point of view, we haven't always managed them as wisely as we should. But these underground
reservoirs gave a new opportunity for growth and development.
Now, why in a symposium of this kind should one spend
so much time talking about Major John Wesley Powell?
In the main, I suppose, becau.se his truths are still valid,
because his vision is the vision we need today. We need the
Powell Approach in applying new scientific techniques to
the whole problem of how we develop and manage the re- ·
sources of arid lands.
Powell knew and said that conservation was the key to
orderly growth; that if you wanted a "boom and bust"
cycle--as we had at times-then you ignored conservation.
If you wanted steady, orderly, sound growth, then conservation always was the key. These ideas, of course, are much
more important now than ever before because we have so ·
many new tools and new techniques for managing resources.
I am sure the one thing that Powell would take most offense at today, if he were to look at our Nation, would be
our mismanagement of the water resources of our country
8

through water contamination and water pollution. And I
suspect he would be a fiery critic of what we have done
and would be leading the crusade for action.
So the great lesson, then, is that arid and semi-arid lands
require special planning and unusual insight. This is why
many of us are excited by the fact tha t this great institution
has chosen a new mission of developing new programs and
new insight into the arid lands. How we stretch our supplies
of water and all resources, how we learn to recycle and reuse
resources, how we learn even to modify our weather, to tap
the rivers of the sky and make them useful in the arid regions
where moderate water is most needed, and how we develop
the politics and the planning that may enable us to move
water from the wet regions to the dry-all will determine
in the next two decades whether we fail or succeed.
These are some of the exciting new problems that confront us. But the old truths and the old techniques that
Powell perfected are as pertinent today in terms of tackling
these problems as they were I 00 years ago.
At the Federal level, we are continuing to look for scientific solutions to arid land problems. We need a new partnership arrangement with universities. Our research ranges
from weather modification and large desalination programs
to controlling the acid mine drainage prdblem which is so
serious in certain areas of the East. We are attempting to intercept the rivers in the sky and unplug them over our arid
land watersheds. We are making progress at bringing fresh
water from the salty sea and underground brackish reservoirs. All these avenues must be explored further, and the
very best research will be needed.
The Geological Survey has announced a new program in
cooperation with NASA concerning the use of the satellites
to study the resources of our country. This is going to be
one of the most exciting things that has happened in a long
time in terms of conservation-interms of understanding
resources. Here again is a wonderful opportunity for academic people and for the Federal agencies involved to develop new techniques which may give us a great burst of new
insight into our resources and their wise management.
9

I am tremendously encouraged by -all the things that are
happening. The decision of this institution only confirms
the trend. The very bold Texas State Water Plan th-at Governor C-Onnally and his people have developed is one of the
best and most farsighted that any state in the .Union has
prepared. We welcome the National Water Commission that
President Johnson has proposed to take a broad-gauged look
at the water needs of our Nation during the next 50 years,
and the possible solutions to those problems. Here again we
have the very best. type of planning being brought forward.
But, as we approach these problems, we must use the most
modern techniques of planning. We must analyze all alternatives so that wise choices can be made. We must base
those alternatives on sound economics, and, if we can, put
the politics of conservation together so that we can achieve
action programs once we have a sound plan. This, I think,
is what the President has in mind when he talks of creative
federalism--of having people establish new patterns, of governments working together, of people working together.
I would comment, however, on one other aspect of the
arid lands, because too often we have thought of arid lands
as wastelands. And in this prosperous, modern world of ours
where people have more leisure time and where we are so
mobile that we will soon be able to have breakfast in New
York and brunch in Los Angeles, the other values of these
lands and their conservation are becoming: equally important,
and I suppose Powell saw much of this, but even he didn't
fully realize it. It turns out, of course, that the most scenic,
the most beautiful lands in the world are -arid lands, at ·1east
so I believe, and it is no accident that the very parts of the
West that Powell described in his arid lands report contain
most of our great national parks.
It is no accident, either, that with the new wave of interest in conservation, Congress has been busy sorting out
these lands and deciding which additional ones should be
set aside as national parks. We have a new Canyonlands National Park in Utah in the very river bottom that Powell
himself explored 97 years ago. Congress two weeks ago
established a new national park in West Texas which now
gives us two superb National park areas in your own part of
10

the world. By a fascinating irony, what we have called in
the past the .. badlands" turn out to be good lands, and very
good lands indeed.
I like to tell the story that is related by one of the Utah
historians whose grandparents came across some of the desolate southern Utah country with which Powell was so familiar. In thqse days water was so scarce and the weather so
harsh that the people referred to this arid country as .. the
land God forgot." This historian writes that now,- 100 years
later, we see that it was indeed the land ..God saved for
Himself." But this is part of the change that has taken place
in terms of our lives and in terms of our·ability to appreciate
the beauties of arid lands as well as their possible productiveness. There is, as indicated earlier, a tremendous new. interest
in Nature, in conservation, in the resources of our country.
It is evidenced in the First Lady's campaign to encourage
us to beautify our cities and to fight blight and ugliness. It
is evidenced all along the line, in everything from the management and cleaning of the very air itself.
I had the good fortune earlier this year to meet a great
American, a man whose achievements, fame and reputation
are in the mechanical field. His name is Charles A. Lindbergh, and, of course, all of you know of him. It would interest you to learn, too, that his great and consuming interest now is not in machines but in the conservation of Nature. If you read his wife's eloquent article in Life a couple
of weeks ago, you will know what I mean. I have been
having a very fascinating correspondence with him. I want
to _read you part of a letter he sent me a few months ago.
It seems to me that this summarizes the hope and the opportunity as well as the danger that we face. He $aid:
"It is literally fantastic to realize the amounts of effort and money we
are spending on mechanistic developments of our civilization. At the
same time, we neglect our irreplaceable inheritance of life from past
· ages. Our scientific accomplishments, important as they are, become
of trivial value in comparison to the importance of life itself. It is the
fundamental value of life and its qualities that we must bring out
and place in perspective in these uncertain and turbulent times we live
in. And by doing so I think we can reduce some of the uncertainty and
turbulence. In fact, I believe the long-terni survival of our western
civilization may depend on the ability of our present generation to
recognize the fundamental importance of the conservation of Nature."
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President Johnson in his Special Message to the Congress
last February on preserving our natural heritage proposedand this was the first time any President had made such a
proposal-that we, the American people, proclaim a conservation creed to guide us in making decisions. Let me read
the creed that he proposed:
"Let us proclaim a creed to preserve our natural heritage with rights
and the duties to respect those rights:
"The right to clean water-and the duty not to pollute it.
"The right to clean air-and the duty not to befoul it.
" The right to surroundings reasonably free from manmade uglinessand the duty not to blight.
"The right to easy access to places of beauty and tranquility where
every family can find recreation and refreshment-and the duty to
preserve such places clean and unspoiled.
" The right to enjoy plants and animals in their natural habitat--and
the duty not to eliminate them from the face of the earth."

So the question that we are really confronted with-the
larger question, of which the arid lands problem is a partis: Can we, by science and technology, continue to add to
our wealth to make life more enjoyable, to enable us to produce more stability in the world and more order and to
enable others to enhance the productivity of their own society? Can we do all this without, at the same time, destroying the very environment of man?
I think the latter is the larger question. Can we have a
prosperous society that is also a clean society? Our country
today is unclean. The air is unclean. The water is unclean.
The countryside is unkempt. The cities are ugly. And the
question that the New Conservation raises is: Can we now,
readapting the old conservation idea, continue our industrial
and technological · succes~, continue to harvest and exploit
resources, and carry on our manufacturing in such a way
that the beauty and appeal of the environment we inhabit
each day are not diminished? This is the larger challenge
that we face in this country and in the world today. In
closing, I want, then, to pay particular tribute to President
Grover E. Murray and to the scientific and educational contributions to conservation that have been made in the past
by Texas Tech. We are most excited by the prospects we
see here. I want to congratulate the Board of Directors, the

12

faculty and all of those connected with this institution on
the choice of Dr. Murray as the head of your institution.
My people know him well. I know him personally. You
would have had to search long and hard to do better. The
nation needs in the field of academic pursuits and in the
field of resource management the very best leadership we can
get-the best scientific talent-and I believe you have it
here.
The poet, T. S. Eliot, wrote in The Waste Land these
words:
" ... where the sun beats
And the dead trees give no shelter, the cricket no relief,
And the dry stone no sounds of water
... I will show you fear in a handful of dust."

We need your light and effort here to help dispel the
darkness of that dusty fear.
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Arid and Semi-Arid Zones in Mexico
SR. Lie. EMILIO PoRTES GIL
Presidente Honorario, Instituto Mexicano de 'Zonas Aridas, A.C.

I wish to begin by expressing my deep appreciation to the
Directors of Texas Technological C.Ollege for the invitation
to speak on the arid and semi-arid zones of Mexico. I would
like to send a warm and respectful greeting to President
Johnson, to Governor Connally, to the distinguished personalities present and to the great American people.
The Republic of Mexico is located between 14 and 32
degrees north, and 86 and 117 degrees west latitude. The
northern desert zones of Africa are in a similar northern
longitude. Part of our territory is situated within the tropical zone with the Tropic of Cancer more or less representing
the dividing line, but the larger portion lies to the north. If
we add to these conditions of geographical location that of
an uneven and very rough topography, we see clearly the
impossibility of applying a geophysical mean on a national
scale. In addition to the already mentioned geographical conditions, we must consider the rainfall factor. On this scale
it can be said that some 52.1 per cent (1,025,000 square
kilometers) of Mexico is comprised of zones of dry climate
with an annual rainfall of approximately less than 800
millimeters.
Further, it should be pointed out that nearly 32,000,000
hectares out of a total of almost 200 ,000,000 lie within arid
zones. Approximately 67,000,000 hectares are encompassed
in plains and low hills and 30,000,000 in hillsides that can
be utilized for the grazing of domestic animals. Forest areas
cover about 23 per cent of the territory. All this leaves
only 12 per cent or about one-eighth of the total land area
in cultivable land.
Mexico, as a result of these conditions imposed by nature,
is therefore essentially an agrarian country. The arid zones
of Mexico cover all or part of the states of Chihuahua,
15

Coahuila, N uevo Leon, Durango, Zacatecas, San Luis Potosi and Tamaulipas, of which the latter is less affected.
Only the cultivation of fibers and candelilla, a type of
desert plant, is carried out in these zones. Cultivation 'is
decreasing each day due to the great variety of synthetics
replacing these products. Among the principal sources of
ixtle, the Mexican fiber, are various types of plants of the
palm family, of which the best known is the maguey.
La Foresta/, the organization that groups together the
more than 700 cooperatives comprising 12,800 agricultural
workers on communal lands, is in charge of collecting the
fiber produced in the semi-arid zones. Available data show
that approximately 14,000 tons a month are harvested.
Four thousand tons are exported monthly. Considering a
waste in manufacture of 3 0 per cent, this leaves a domestic
consumption of about 5,800 tons annually. The organization exports, through private enterprise, 2,75 0 tons annually
which means consumption of 3,600 tons with the same utilization coefficient. In summary, therefore, the controlling
agency has an annual surplus of 5,200 tons for which there
is no market. This surplus has a value of 34,000,000 pesos,
or $2,720,000. Actually, a true national market for prepared
fibers does not exist since only 6,000 tons yearly are sold
in the form of bags.
The Mexican government is concentrating its efforts in
the search for other uses for these fibers. Private capital is
encouraged to invest and those already engaged in this field
are encouraged to increase their investments. The Communal
Land Credit Bank and the Foreign Trade Bank are helping
improve the exploitation of these natural fibers by furnishing chemicals to enhance the growth of these fibrous
plants while at the same time searching for new markets.
These two banks acquire the wax produced by the candelilla
plant and market it.
One of the principal obstacles encountered by the Mexican government in attempting to solve the variety of problems of the arid zones is the particularly wide dispersion of
these zones. Because the land yield is so low, the allotment
for communally worked farms covers wide areas. Some communal farms have up to 25,000 hectares of land for as few
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as 40 to 5 0 agricultural workers. Population centers are far
from one another. Those who live in these zones and whose
labors are dedicated to the gathering and extraction of
candelilla wax must range far from their homes looking for
fields so their monthly quotas can be met. Sometimes they
must leave their homes and find another communal farm
where they can work in order to gather enough candelilla.
The Mexican government is at present subsidizing production by purchasing 250 tons every month. This means the
government buys 40 to 50 kilos monthly on the ground from
each agricultural worker. The pay is nine pesos (72¢) per
kilo. Thus, each agricultural worker receives 3 60 pesos for his
product. His purchasing power is increased, however, because he can buy essential foodstuffs from a government
operated organization which sells them virtually at cost. The
monthly income of 3 60 pesos is steady and continuous.
But the government, with the goal of raising the living
standard of the agricultural workers, is trying, as the resources of the zone permit, to diversify production, thus
avoiding dependence on an industry now in decay. To alleviate the situation of extreme poverty suffered by the rural
population, whose only source of income is the exploitation
of various desert plants, the Department of Agriculture and
Livestock is attempting to use the natural resources available.
It is preparing programs for the preservation of wild flora,
for the initiation of ·programs to find new uses for various
species of farm animals and for the general promotion of
agricultural industrialization and mechanization.
The principal problems confronting the farmer in these
zones are the uncertain market for candelilla wax, the difficulties of collecting the wax, and its scarcity. The critical
situation now existing in those states where candelilla wax
is principally produced has given birth to a pilot program
of immediate action based on the following objectives:
Preservation and proper use of natural resources.
Creation of other work sources with the purpose of decreasing candelilla wax production.
Diversification of agriculture and livestock as well as exploitation of forest areas.
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To give the rural population a more active social, cultural
and economic life.
To raise the standard of living of these communities
through practical education in the various fields that
concern them.
By the mechanization of agriculture.
These pilot programs operating in Durango and Coahuila together produce 90 per cent of Mexico's candelilla
wax. The program includes 120 communities with a population of 1,200 families. Plots of 132 hectares have been set
up for demonstration purposes in which corn, sorghum,
forage cactus and fruit are grown. Where conditions permit, 600 personal vegetable gardens, each containing 14
species, are being established. Technical assistance is given
in the breeding of goats, cattle, rabbits, pigs and chickens,
including instruction in the proper methods of construction
of shelters made from indigenous materials. Seeds, fertilizers
and parasiticides have also been provided together with instructional equipment for the proper preparation of animals
and animal produc.ts for market. Equipment for horticulture, masonry and other materials, broods of several animal
species such as fowl, pigs, goats and rabbits, as well as vehicles and tractors, and other necessary elements also have
been sent.
The Department of Agriculture and Livestock, through
the office of the Director-General of Agricultural Engineering, is doing work in the fiber and wax producing zones of
seven states. Special attention is being given to forage plants
and several species of cactus.
The National Commission for Fruit Culture has established a nursery with imported plants which have demonstrated their productivity on a commercial scale under climatic conditions similar to those of Mexico. Five thousand
fig trees of the Dottato variety have been planted, and
500,000 cactus plants are being grown. Apricot, peach, almond, date trees and cactus are being raised there. The nursery at Saltillo, Coahuila, will be enlarged in order to be able
to supply all those types of fruit trees that are suitable for
cultivation in desert lands.
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The National Institute for Forest Investigation takes care
of two experimental stations in the arid zones; the station
at Ramos Arizpe, Coahuila, called La Sauceda, 1,600 hectares
in area, and the experimental station called El Cedral in the
state of San Luis Potosi. Wonderful results have been obtained with vegetation in these areas.
The farmers benefited in the pilot program of 1965 by
receiving 10,000 four-week-old chicks deliv ered at the rate
of 2,000 per week. This was done so they would have time
to acquire the elementary necessary training for the proper
exploitation of raising these fowl. Nineteen broods of rabbits were distributed, as were 40 broods of hogs. They were
sold at the rate of 50 per cent of their true cost. The farmers also received the necessary training for construction of
pigsties, chicken yards, rabbit hutches, goat breeding installations and the like.
Of the candelilla fund existing in the Foreign Trade
Bank, 7,500,000 pesos were obtained from exportation taxes on wax in 1965. This amount is invested .i n the candelilla
communal farms for grass sowing programs, for the fostering of sheep production, the establishment of dams to retain water and for drilling of deep wells. Several municipalities in the state of Coahuila also are included in the
general program because they are producers of various
types of wax.
Certain zones of three northern states are going through
difficult economic situations because of water scarcity and
the plague infestation which lowers the yearly cotton production. To assist farmers, the federal government set exemption taxes and began ·technical assistance in order to
increase areas of production and control plagues so that
yearly production can be raised.
Demonstration areas have been established at Matamoros
for the teaching of more efficient working methods, and
3,000 hectares of late cotton have been planted in order to
investigate better dates of seeding. Twenty-six dams have
been completed in Zacatecas to irrigate 235 hectares ; 2,954
communal agricultural workers have been benefited by
this work. The construction of water tanks for 42,000
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head of cattle and 57,500 head of sheep has also been completed.
The substitution of corn cultivation for grass and forage
cultivation, together with livestock development, is in pro-'
cess in agricultural areas of low rainfall where corn produces better yields. The National Institute for Agricultural
Investigation, in collaboration with the agricultural associations of the country, prepares research programs for
forage improvement and the combating of plagues and to
obtain improved varieties of cotton, beans, soybeans, sorghum, chickpeas, etc.
The National Institute for Forest Investigation has made
an initial study of the arid and semi-arid zones of the northern part of the country, excepting the states of Sonora and
Baja California. The area under study covers nearly 750,000
square kilometers, and even though data on vegetation was
obtained, the study is focused toward plants of present economic interest or those which might be of importance in
the immediate future. At present, studies are being made
of the candelilla, lechuguilla, the samadoca palm tree,
guayule, fruit or forage cactus and the gobernadora.
As the information obtained is of a preliminary nature,
the need for continuation of studies and experiments exists,
and that is why thought has been given to the establishment
of several experimental stations. Those chosen as the best
areas for this purpose are in the states of San Luis Potosi
and N uevo Leon, and sites have been selected in those two
states. Data are being gathered on useful species of animals
and also on varieties of cactus useful for nutritional value
for human beings as well as a forage crop.
Investigations have been carried out at La Sauceda experiment station to find out how to increase candelilla
growth, forage cactus and also certain types of palm trees
and yucca. Experiments are being made to determine the
best way to increase the growth of pasturage through the
clearing of shinnery and also for the development of sorghum and corn that will withstand drought. Proposals have
been made for the use of certain palm and yucca plan ts as
a source of paper pulp. Experiments are being conducted
to discover the best methods for the artificial dissemina-
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tion of candelilla, palm trees, forage and fruit cactus and
lechuguilla of improved species. Studies to date on livestock
production in arid and semi-arid zones are limited, because
the soil in those zones is, in general, unsuited for intensive
agricultural exploitation. It will therefore be necessary to
determine what are the conditions that will be useful for
this production.
The National Institute for Livestock Investigation, in
cooperation with the University of Chihuahua, has been
carrying out investigations on fertility of cattle.
The communal land livestock question is important,
even though it does not seem so at first glance. There is
some preference for sheep herds in the communally owned
land. This type of livestock is particularly adapted to lands
of a semi-arid nature. The importance of the livestock and
poultry industries is emphasized by the fact that more
than 60 per cent of the total population of the country is
engaged in these activities or depends directly on them. As
the largest part of the country is located on hills and dry
plateaus or plains, they are the industries best suited to
experimentation and exploitation. Sheep and goats offer
good possibilities for the establishment of economic industries in semi-desertic and .poor agricultural zones.
Besides the described arid zones, there are two large
deserts; one in the Chihuahua region and one in the Sonora
region. The first is located between the Sierra Madre Orientale and Madre Occidentale, extending from the highlands
of San Luis Potosi to beyond the United States border. The
desert in the Sonora region comprises almost all the peninsula of Baja California and more than half of the western
part of the state of Sonora, extending through a wide portion of the territory of the United States. There are other
desert zones in the states of Oaxaca, Yucatan, Guerrero and
Michoacan. Annual rainfall in those deserts is decreasing,
amounting to only 100-150 millimeters. The temperature
rises to 45 degrees centigrade or more.
In these deserts there are animals that can withstand
thirst for a long time, and feed themselves on colosales
cacti which are good sources of water. The gigantic cardan
grows in Baja California to a height of 18 meters and a
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weight of 10 tons. This is the tallest cactus in the world.
Another kind, which is called cirio lbria Columnaria, is
like an enormous column and grows 15 to 17 meters high.
It is an extraordinary water recipient. Another cactus spe..:
cies is the «cactus that walks," whose roots extend in all
directions. Desert seeds have an incredible resistance which
permits their germination after preservation during years
in an absolutely dry soil. The same happens with the «caves
of insects" and other animals. In Baja California, there is
a depression called Laguna Salada which is dry most of the
time, and only occasionally is filled with water carried by
streams or rivers. From 1884 to 1929, it has been filled only
six times and on each occasion the short-lived lagoon was
full of fish. The explanation for this phenomenon is that
the fish were hatched from fertile eggs laid years before
and preserved in the dry and cracked bottom of the lagoon.
Fauna is abundant. Among the principal species found are
the coyote, scorpion, kangaroo-rat, turtle, skunk, the centipede, falcon and rabbit.
Deserts can become, in the near future, completely
habitable and useful. When I visited the Sahara, I saw
enormous cultivated fields covered mainly by fruit trees.
President Nasser's government has used giant machinery
to remove sand in the areas of least thickness, leaving good
black soil, which for a million years, has been covered and
which is very rich. Egypt is enlarging its cultivable territory in this progressive manner.
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The Challenge of Adapting Human
Societies to Arid Environments

s. DILLON RIPLEY
Secretary of the Smithsonian Institution

Under the inevitable pressure of human populations,
scientists find that the deserts of the world are expanding
ever more rapidly. Since man himself is basically responsible for this increased desiccation of the environment, we
are faced more than ever before with the challenge of
adapting human societies to arid environments. International, multidisciplinary programs designed to meet this
challenge, such as President Grover Murray of this College
is planning, are urgently needed.
The UNESCO arid-zone program that flourished between 1957 and 1962 by providing research support at certain institutions in arid regions and sponsoring symposia
is now fading away. It was never intended that this program should continue at that particular level of activities,
and it is timely for institutions like Texas Technological
College to take leadership in both pure and applied research and education concerned with arid lands.
First, I would like to provide a brief perspective in historical ecology, and then, on the basis of that background,
make some suggestions on research and educational approaches in seeking to achieve better relationships between man
and his arid environments.
One must approach the subject of man's environmental
relationship through time with caution. Although our understanding of this subject is becoming clearer, particularly
through interdisciplinary efforts of scholars contributing
to the new science of archaeological ecology, far more research and evaluation are required to elucidate the impact
of prehistoric man on his environment. I have drawn my
information largely from some of the two dozen UNESCO
reports on arid lands, The Role of Man in Changing the
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Face of the Earth (1956. William L. Thomas Jr., Editor.
The University of Chicago Press) , African Ecology and Human Evolution (1963. F. Clark Howell and F. Bourliere.
Aldine Publishing Co., Chicago), the Proceedings of the
Annual Tall Timbers Fire Ecology Conference (1964 and
1965. Tall Timbers Research Station, Tallahassee, Florida),
and especially discussions with my colleagues in a variety of
disciplines at the Smithsonian Institution.
One might well ask why man seems to have chosen arid
lands as centers of some of his earliest cultures. In all probability he evolved together with the arid lands in which his
early cultures emerged. Man may have evolved from pri·
mates living in savannas and grasslands already in existence
for millions of years before him under regimes of fire in·
duced by lightning. Palynological studies show that grassland
ecosystems antedate man. Contrary to the thinking of early
American ecologists, who considered grasslands as primarily
products of climate and soil, lightning-induced fires seem.
to have been an essential physical component of these natural
systems. Possibly the early evolution of man began in heavily
wooded grasslands at the moist end of a gradient of grassland ecosystems that extended into desert ecosystems at the
xeric extremity. Ultimately, man himself contributed to the
expansion of grasslands by increasing the frequency of fires
over that which had occurred under a regime of lightning
alone.
Just when man learned to use fire will never be known,
but it was probably between 300,000 and 600,000 years ago.
Early man's fires must have escaped and accidentally burned
the vegetation repeatedly as man, fire, and vegetation
evolved together into what we call anthropic grassland
ecosystems. Without being aware of the process, man probably expanded grasslands and increased the herds of game ·
inhabiting them by spreading fire. He may even have attracted ungulates to fresh grass by burning, ultimately becoming conscious of the result of easier hunting. However,
it is unlikely that he understood the process he set in motion,
by igniting the vegetation. By the time the domestication of
goats, sheep, and cattle began in late Mesolithic time, about ·
8,000 B.C., man's relationship with fire-induced vegetation
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probably was highly evolved, although man probably was
not engaged in willful, self-conscious acts of managing grassland with fire to increase or maintain the carrying capacity
for livestock or game.
It is still an open question as to whether domestication of
plants or animals occurred first; and very likely they occurred together, at least in some parts of southwestern Asia.
Dr. Kent V. Flannery suggests that food production in Mesopotamia was "the result of a long process of changing ecological relationships between groups of men (living at varying altitudes and in different environmental settings) and
the locally available plants and animals which they had been
exploiting on a shifting, seasonal basis." In any case, by the
time plants and animals were domesticated man apparently
had been burning grassland vegetation for tens of thousands
of years, and a natural system had evolved in which anthropic fires fostered the production of wild ungulates and
wild grasses, among which were the progenitors of domestic
livestock and cereals.
What little we know of the climate, vegetation, wild animal life and man in the Sahara region provides a perspective
of the behavior of man in relation to arid environments
from the late Pleistocene (about 50,000 years ago) to the
present. Contrary to what might be imagined, the climate
of the trade-wind desert belts was just as arid, or even drier,
during the greater part of the Ice Age than it is today.
Periods of greater moisture were significant, but temporary,
features of the Pleistocene climate. Of particular importance
to us is a minor period of greater moisture in the Sahara
during Neolithic times (about 5000-2350 B.C.). Hunters
and nomadic livestock raisers at that time left a record of
their life in rock pictures, showing that animals, such as the
elephant, antelope, giraffe, rhinoceros, hippopotamus, buffalo and ostrich, now confined to the savannas of tropical
Africa, inhabited parts of the Sahara. Over the past 4,000
years the climate has closely resembled that of the present
with alterations between dry and moist periods of only
moderate intensity and minor variations of mean temperature. One might well question, therefore, the role of man
in the progressive historical desiccation of the Sahara, which
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is well documented in Egypt. Expansion of the desert, with
which we are so much concerned at present, may have been
initiated by overgrazing with domestic livestock as much
as 4,000 years ago, at least in some parts of the eastern
Sahara.
Theodore Monod (Director, Laboratoire des Peches outre
Mer, Museum National d'Histoire Naturelle, Paris), who
probably knows the Sahara better than any other contemporary ecologist, has called attention to the self-regulating adjustment between vegetation and grazing ungulates (both
wild and domesticated) that played a significant role in
adapting human societies to the Sahara Desert and its semiarid margins. During prolonged drought, breeding is physiologically curtailed by poor nutrition and mortality is high,
first among the young, and then later among the older,
classes of these grazing mammals. Vegetation recovers remarkably and with surprising rapidity, even with moderate
rainfall, in the absence of high populations of these animals.
Degradation of vegetation occurs as livestock and wild ungulates increase beyond the capacity of the vegetation to
~port them. Monod questions whether this succession of
balance and imbalance implies a tendency toward irreversible deserts, since the Saharan climate has remained unchanged for so long. He wonders whether the herds of sheep
and goats have been traversing the arid Sahara grasslands.
However, the natural system is now being destroyed by supplementary feed for livestock and provision of water
through artesian wells and boreholes which is tantamount
to an overdraft on the capacity of the environment to support grazing animals.
The rapid degradation of natural arid-zone vegetation
throughout the world can be attributed to a combination
of exploding human populations, modern veterinary medicine, boreholes for distributing water, and supplementary
feeding of livestock. These factors are responsible for widespread overstocking of arid range lands with numbers of
livestock far in excess of the capacity of the natural vege·
tation to support them. The inevitable result is deteriora·
tion of the soil and vegetation. Toward the end of a pro·
longed drought the effect is often dramatized by bare soil,
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starving people and carcasses of livestock as in the Masailand
of Kenya in 1961. With each drought there is an additional
irrevocable loss of carrying capacity for livestock and people,
despite the spectacular recovery of the vegetation when the
rains come. Arid ecosystems are more delicate and more
easily damaged than most of the world's ecosystems. On a
global basis the deserts are expanding mostly as a result
of overgrazing. The downward trend in productivity of
the earth's arid lands is indisputable, and unquestionably it
is accelerating at an unprecedented rate.
Although we are certain of this over-all trend, we would
do well to assess the rates and magnitudes of desert expansion
on a worldwide basis and to develop a major research effort
in arid lands during the International Biological Program
(1967-1972). A system for monitoring the trends in arid
lands could well be developed, perhaps using satellites to
obtain at least crude measurements of productivity through
chlorophyll intensity and measurements of geomorphological
changes in erosion patterns. With such information we could
determine more precisely the rate of degradation of our
arid lands. One would hope that in time we would be
measuring the rate of aggradation. Satellite systems would
focus international attention on the urgent problems of
the world's arid lands.
The solutions to our arid-land problems do not lie simply
in ever-increasing irrigation. It has been well documented
by archaeologists that the giant irrigation schemes of the
past lasted for only a century or two; smaller schemes were
of much longer duration. Salinization was the great problem of the past, as it is today, in developing large-scale irrigation schemes. With proper application of modern technology to achi~ve adequate drainage and regulation of water
tables, salinization can be largely controlled; but salinization is not the only problem associated with irrigation.
Changes in plant and animal life of the irrigated area, or
changes in physical structure and living systems of the soil,
may alter the habitat more significantly than salinization
itself. The serious problem of schistosomiasis in irrigated
lands is well known to all of you. Despite the multitude of
problems involved, it is possible to increase the productivity
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of some arid lands through irrigation. However, few of the
world's arid areas are self-contained, and we must look beyond the desert itself.
One of the dangers today lies in our failure to recognize
that most desert systems are not isolated and self-contained
'and we cannot change their landscapes by irrigation without influencing other remote and non-arid environments.
For example, by drawing water · from the Columbia River
'in the Pacific Northwest to irrigate the deserts of Southern
California and Arizona, we may unintentionally degrade
or destroy present or future ecosystems in British Columbia, Washington, Idaho and Oregon, which some day may
be needing these waters for a full utilization of their own
resources. There is even talk of drawing water from Alaska!
Seemingly, the water is going to waste anyway and some
may think it could very well be used to supply the booming
populations of Southern California and to make the deserts
of the Southwest bloom. It would have seemed fantastic to
draw irrigation waters from such remote sources a few decades ago. We are now coming into a new era when macromanipulations of the environment are possible on a scale not
previously imagined. If we are to make rational use of our
total national and international natural resources, we must
understand the potential impact of major environmental
manipulations on the whole worldwide network of relevant
ecosystems likely to be affected, not merely those of immediate concern.
What I have been saying up to this point is that man
appears to have evolved in arid and semi-arid ecosystems,
adapting his societies with varying success-and failurethrough time; the increasing desiccation of arid zones over
the past four millenia has been largely induced, or at least
magnified, by man; modern technology and burgeoning
human populations are responsible for an over-all trend of
increasingly rapid degradation of vegetation and soils in the
world's arid zones; irrigation, which at best can be applied
only to a minor part of the arid zones of the earth, may adversely affect the hydrology of remote areas from which
the water is diverted; and finally that we have both na28

tional and international moral obligations in our opportunities for developing all of the world's areas.
The museum being planned as part of your developing
international program in arid and semi-arid land studies
here at Texas Technological College provides a real opportunity for illustrating these five points. Exhibits are an
effective way of illustrating visually the history of man's
environmental relationships, the scientific nature of the ecological problems in these regions, and, of course the limitations as well as the potentialities of technology in raising
the productivity and quality of life in arid areas. The museum can serve both as a trademark and a showcase for the
arid lands program, it can be used for educational purposes
for all students and the general public, and it can be utilized
·as a model for students and educators from abroad who may
wish to develop similar museums in their own countries
for such educational purposes.
The Smithsonian Institution is very much interested in
contributing to the development of museums, both at home
and abroad, utilizing what limited resources we have available through the National Museum Act of 1966 and our
foreign currencies available under Public Law 480. Although
our financial resources are small, we hope to make significant contributions in helping initiate museum programs.
Three dimensional ecological exhibits on history and problems in arid systems should be especially appealing.
The challenge of adapting human societies to arid areas
involves a new integration between the physical and the life
sciences on the one hand, and the behavorial sciences on the
other. This may sound like an all-embracing and impossible
goal, but it is exactly what President Murray and other
educators mean when they talk about interdisciplinary or
multidisciplinary programs. Ecological science alone cannot
reverse man-induced desiccation in semi-arid lands-nor can
ecological technology alone solve this problem. This means
that a university, such as Texas Technological College, must
evolve strong competence in several areas of knowledge, or
else join with other universities in a consortium that will
encompass the relevant fields. It is certainly essential to
rapid, effective education of new scientists and technolo29

gists to cope with the problems of arid lands. The idea of
exchanges of professors and students should be extended beyond universities to include national laboratories, private
research institutions and government-agelfcies.
The Smithsonian Institution, as a private, governmentrelated institution, has an important role to play in developing a new science concerned with systems of human
societies and their total environment. Through our recently
established Office of Ecology, we are in the process of
developing a new program in ecology at the Smithsonian,
with emphasis on the total human ecosystem. As we increase our capabilities in this field, we will endeavor to
collaborate more and more with universities, for we recognize that the task of evolving a foundation science to
achieve harmonious relationships between man and the ecosystems in which he lives is so great that it requires interinstitutional programs.
Foremost in the development of any international program, such as that envisioned for arid and semi-arid lands
studies, is the future of the foreign students who come to
the United States for their education. This includes providing opportunities in their specialties within their own country. Unless educational, research and technological programs
are evolving within a given country, there is little reason to
bring students from that country to the United States for
specialized education. There is a real need for our universities to integrate their efforts with our AID programs in
providing opportunities for a country to develop its own
programs in both science and technology, thereby creating
challenges for the professional growth of individuals educated in American universities. Adapting human societies to
arid environments requires broad interinstitutional, intergovernmental cooperative programs. The human resources
in the field of ecosystem science at our universities are so
limited that careful planning is needed to utilize them
efficiently. Perhaps what we need now more than anything
is university leadership in developing effective systems which
will involve some hard commitments to meet the challenging
problems in the world's arid ecosystems.
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In conclusion, may I emphasize that UNESCO has developed a strong foundation upon which universities and
other institutions can build continuing programs of research
and education concerned with environmental improvement
in the arid zones of the world. UNESCO recognizes that the
ecological problems are basicaliy.....sci.entific, rather than technological, and they involve an integration between the natu. ral sciences, behavorial sciences and humanities. In the process
of adapting his societies to arid environments man has an
opportunity not only to contribute towards his own survival, but also to evolve intellectually and culturally, utilizing the arid environments to their full potential within the
scope of a world composed of many types of areas.
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Resource Development in Texas
THE HONORABLE JOHN CONNALLY

Governor, State of Texas

I hope you know what a great personal privilege it is for
me to be here today, to have an opportunity to participate
in this Symposium on Arid and Semi-Arid Lands being sponsored by Texas Technological College. It is a privilege to be
here in the home city of such great leaders of Texas. I am
grateful for the opportunity to be in the hometown of
Lieutenant Governor Preston Smith who has contributed so
much to the progress that we have made in Texas during
the time he has been Lieutenant Governor and the time I
have been privileged to serve as Governor.
I am also proud to be here in the hometown of my distinguished friend, my personal friend for whom I have such
great admiration and affection, your distinguished Attorney
General, Waggoner Carr.
I am delighted to be here in the hometown of a man who
represents you in the State Senate, Senator Doc Blanchard,
and the hometown of such a distinguished list of representatives as you send to Austin.
I am particularly pleased that Texas Tech has chosen this
occasion to bring to your campus such distinguished leaders
in so many disciplines from throughout the United States
to be a part of this three-day ceremony for the inauguration
of your new president, who in my judgment, will lead this
institution to heights of learning, of education and finally
to glory unprecedented in its long past.
It is always a privilege to be in the area that is represented
by one of the senior members of the Congress of the United
States. He is a man I have had the privilege of knowing
and calling my personal friend since 1939. He is a man
whose judgment, wisdom and ability are recognized not only
in the area he represents but throughout the broad reaches
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of Texas and throughout the United States. I speak of the
distinguished chairman of the Appropriations Committee,
the Honorable George Mahon.
We are talking today about arid and semi-arid lands. It
is a subject that has suddenly burst forth as one of paramount importance and in which each of us has a tremendous
interest and an abiding concern.
Civilizations have flourished or declined as a result of
improper utilization and exploitation of water and land resources. The long history of the lands in the eastern Mediterranean demonstrates the decline resulting from the lack
of knowledge and the lack of foresight in coming to grips
with specific and broad problems of water resources in arid
and semi-arid environment.
Fifteen hundred years before the birth of Christ there
existed one of the greatest conservation programs and irrigation systems ever known in the history of civilized man.
During the height of the civilization of Babylon, of Nebuchadnezzar, there existed in Mesopotamia a system of water
and soil utilization that supplied the valley of the Tigris
and the Euphrates with foodstuffs sufficient to support
17,000,000. But as time progressed, nomads overran this
. great civilization. They did not understand or appreciate
the tremendous value of water and soil conservation. The
canals were permitted to silt. The land that once supported
a population of 17,000,000 has never since, in 3,500 years
of recorded history of man, been able to sustain a population in excess of 3,000,000.
I think this dramatizes the situation we have when we
talk about arid and semi-arid lands. While we are a lopg
distance from that area both in terms of geography and
time, the problem of wise utilization and development in our
arid and semi-arid lands is real to us, and is becoming increasingly so.
If arid lands are defined as those having less than 10 inches of rain annually and semi-arid lands having between 10
and 20 inches of rain annu ally, then on a long time basis
five per cent of Texas can be classified as arid and 60 per
cent as semi-arid.
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One characteristic of the arid and semi-arid climate is
illustrated by its variation. Texas weather is noted for its
change and for its feast or famine distribution. We are
noted for our floods and we are noted for our droughts.
During the 1950-56 drought, 14 per cent of the state would
have been designated as arid and 64 per cent as semi-ariQ..
At the end of the 1950-56 drought 244 of the 254 counties
in this state were classified as drought disaster areas. Twothirds of Texas is arid and semi-arid on a longtime basis.
During extended drought periods, three-fourths of the state
reflects these characteristics. It is appropriate, therefore, that
we address ourselves collectively in a systematic manner to
the problems of this major segment of the state.
Obviously, time does not permit a full description of the
many land and resource problems which face this portion
of Texas, but in a broad sense they can be classified as being
related to the problems of atmosphere, problems of the land
surface and underwater problems. In subdividing these categories we have the various disciplines such as agriculture,
·
geology, law and many others.
There was never a time in the long history of this state
when there was a greater need for research by our institutions of higher learning on problems having direct application to this particular problem in Texas. I think it is a
mark of the future of this institution that you have on the
occasion of the inauguration of your new president undertaken and launched the finest program of its kind that I
know in the study of the arid and semi-arid lands, of which
we are a part.
Research relative to specific water resources and related
land resources is going to yield many results. Not the least
of these is that the solutions developed as a result of basic
and applied research will be available to the public for direct
application to Texas problems; and undergraduates and
graduates participating in such research will receive valuable
training in one or more of the several phases of water and
land resources technology. Today, I assure you, there is a
critical shortage in Texas of those who are competent and
qualified to address themselves to this very major problem.
Our state agencies with responsibilities in the water and
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land resource fields can provide listings of specific problems they feel need investigation relating to this arid and
semi-arid area.
I would illustrate the need by pointing out that West
Texas with its many land and water problems has in its
major stream systems infestations of salt cedar. Each year,
salt cedar wastes more than 2,500,000 acre-feet of viater,
or more than 2,000,000,000 gallons per day.
The High Plains have numerous shallow depressions referred to as playa lakes. The estimated 3 6,000 playas collect
approximately 3,000,000 acre-feet of water annually. Unfortunately, most of it is lost through evaporation.
Compound these two things: 2,500,000 acre-feet of water
lost each year to salt cedar and 3,000,000 acre-feet deposited in the playas and ultimately lost through evaporation. Combine that with the fact that of the approximately
7,000,000 acres of irrigated land in Texas, 5,000,000 acres
are the most productive lands not only in the state but in
the entire United States of America. Consider that· these
5,000,000 acres of land require now a withdrawal from the
Ogallala Reservoir of approximately 5,000,000 acre-feet of
water per year, with a recharge into the Ogallala of only
300,000 acre-feet of water per year. When you consider all
this, then the real problem we have in this area of Texas
comes into focus.
It is not a matter for the High Plains alone. It is a matter
for all of Texas because the produce that you grow here,
the agricultural commodities that come from these High
Plains, have very meaningful significance to every part of
this state and every facet of our economic life.
These are some of the reasons why the Water Development Board has proposed in its budget request for the forthcoming biennium funds to actively participate with local
and federal agencies in cooperative investigations of the salt
water and the playa lake losses of water.
In August, 1964, I requested the then Texas Water Commission to accelerate its state planning work and develop a
statewide water plan. Subsequently, in the spring of 1965,
the Legislature realigned the functions of the Texas Water
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Commission by. having the investigation, planning and development transferred and combined with the financing
functions of the Texas Water Development Board.
You can thank your own Lieutenant Governor Preston
Smith and Speaker of the House Ben Barnes for their magnificent leadership in getting at least this much of a great
study underway.
Early in the planning work that went into a major reorganization and emphasis on water study in Texas, we
sought and received the cooperation of Texas Tech, the University of Texas and Texas A&M University to assist the
state in this planning endeavor. And may I say I think this
is one area that has been too long neglected and that these
institutions in the future must play a much more vital role
in pure and applied research to contribute to this statewide
water plan and to the ultimate economic advantage of the
High Plains and all of Texas.
Texas Tech provided five reports on subjects pertaining
to West Texas and in addition made available the services
of Dr. Herbert Grubb to pa·r ticipate with the Board staff
in the investigation of the economics of water-oriented
recreation.
Such contributions as these depict a continuation of the
excellent working relationship of our institutions of higher
learning with our state agencies in attacking through basic
and applied research the many problems of our state.
Yet we have seen only the beginning. As a result of the
work during the sessions of the Legislature in 1963 and
1965, I think the members of the Legislature, the Lieutenant
Governor, the Speaker and I tried to make it abundantly
clear that for now and for the future we were committing
ourselves and, in turn, committing the state to try to do
something in a very meaningful way about the water and
soil problems ot Texas.
Nothing is more critical. But we recognize full well that
our efforts alone are not going to provide the ultimate
answers. We recognize that your state government must
cooperate wth your local government, with your High
Plains District and other districts in this area, with every
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federal agency and with every university to use every bit of
technology available.
I have had the privilege of talking with Dr. Edward Teller
about some of the hopes that we might have for the desalinization of ocean water. Beyond any question, within the
decade we can look forward to very, very meaningful
progress in this field, particularly in desalinization of ocean
waters to a point where we can economically meet the municipal, industrial and agricultural needs of coastal cities.
It is also apparent that we are going to need greater study
of geologic formations and the movement of underground
water to reach the same point with respect to underground
salt waters. Salt waters in wells in this part of Texas are approximately three times as saline as ocean waters. It may require a different technique, a different type of research and
perhaps even more time to look for the development of
underground salt waters than to desalinize ocean waters.
But it this which gives us hope that during a decade or
perhaps no longer than a generation we can look forward to
tremendous new technology to help meet many of our problems. But we can look forward to it only if we have the
courage today to face up to the fact that we do have a
problem of monumental proportions. In order to solve it, we
are going to have to commit financial resources in a magnitude unheard of before in Texas.
I think this is a decision that has already been made so
far as your leaders of government are concerned, and we
only hope that we can articulate and translate the need in
such terms that the people of Texas will understand it.
We know full well that on November 8 there is going to
be one constitutional amendment that is of paramount importance to you. That is Amendment No. 11 which increases
the bonding authority of the Texas Water Development
Board from $200,000,000 to $400,000,000.
This one step alone is extremely critical to us in the continued progress that we are making in trying to face up to
the water shortages, the water problems and the soil utilization in Texas.
I can do no more than again pay my respects and my
thanks to your distinguished Lieutenant Governor, to the
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Speaker of the House, to your own senators and to your representatives. These men have shown foresight, vision and
courage in appropriating funds in unprecedented amounts,
and in undertaking a program of tremendous scope and impact.
I recognize full well that the Texas Water Plan on which
hearings have been held throughout this state leaves many
of you in this area somewhat cold. It has been met with
something less than ardent enthusiasm, and that is understandable because in that Water Plan there were no concrete solutions to your problems.
I wish I could say here today as a part of ·this great symposium on arid and semi-arid lands that I have the answers
to the problems. We pose the magnitude of problem in relating to you the withdrawals from your underground reservoirs. ·
We should leave no door closed in our research and in
our investigation. We should utilize every resource available
to us, whether it is bringing water from the Columbia,
from the Colorado, from the Missouri, from the Mississippi
or whether it is trying to transport water within our own
state, or whether it is doing additional research in the desalinization of ocean waters, whether it is trying to eradicate
salt cedar and save that 2,500,000 acre-feet, or whether it is
to help in the use of water collected in the playas.
All of these things must be a part of our future activities
if we hope to make any meaningful progress, and if we hope
to arrive at a point where we can with some degree of
security say that we can face the future of this part of
Texas and all of Texas with an assurance that there is
going to be water and there is going to be soil utilization to
the ultimate and maximum benefit of all the people of this
state.
If we fail to do this-if we fail to use every resource
available, if we fail to impress upon everyone who has a
hand in the planning, if we fail to utilize this great educational institution or fail to provide it with the necessary
funds for basic research , if we fail to utilize other institutions in Texas, and to impress upon the members of the
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Legislature or upon this Governor or any future governor
or upon our representatives in Congress, that we are interested and we are totally committed to trying to resolve this
problem-then we have defaulted in one of the great obligations and responsibilities we have as free people.
This problem is of paramount importance to us. I am
grateful that you have permitted me to come here today
to talk about it in this great symposium. I look forward
with great hope to the inauguration of Dr. Murray because
I know he is going to bring a depth and a breadth of experience, vitality, daring and courage to the direction of this
institution that will benefit all of the people of Texas.
It is to such educational institutions as this that we are
going to have to look for guidance because neither I nor any
other political figure at the local, state or national level can
have or hope to have the knowledge and insight for the
solution of these problems.
The only hope we can offer is that we have the courage
to supply the funds for men who do have the capacity to
provide the answers. No area of concern is greater in my
mind than with respect to water and soil conservation. The
part of this problem uppermost in my mind is the problem
of the High Plains. I say to you as I have said to the people
of this state, I am totally committed to try to provide whatever resources are needed and can be made available ·to these
institutions in order to try to provide an answer.

40

Education: The Human Side
of Economic Development
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GARDNER

Secretary of Health, Education and Welfare

The modern approach is to turn every problem into a
technical problem. And I have spent a considerable share of
my life trying to persuade people that most technical problems have a human aspect.
The problems of arid and semi-arid lands are part technical and part human. And the two parts-what to do about
the land and what to do about the people who live on and
work the land-are inseparable.
If you pursue the problem in a variety of cultural settings around the world, that fact will be brought home to
you in many dramatic ways.
In any particular area, soil, water, weather, plant life,
animal life and humans form a total bio-system. We have
well-established ways of intervening in the non-human parts
of that system. There are also means of intervening in the
human part of the system, and the principal means is education.
That is what I want to talk about today.
I want particularly to talk about the kinds of problems
one is likely to encounter working in one or another of the
developing nations.
There was a time- and very recently-when an agricultural expert going to work in one of the developing nations
might imagine that he had to deal only with soil, crops, irrigation and other agricultural problems. No one makes that
mistake any more. The relevance of education is now widely recognized.
When someone goes overseas to accomplish a specific job
of economic development, one of the first things he discovers is that the people need to acquire various skills. They
need to be taught how to operate and maintain agricultural
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equipment; or how to operate a modern cannery; or how
to make proper use of pesticides and fertilizer; or any number of other skills.
Thus the American going overseas on economic development tasks is faced day in and day out with one of the basic
facts of modern life: that today's complex society runs on
skills.
But he soon discovers an even more important truththat you cannot develop a modern technician without a
base of literacy. To bring people into the modern world is
to bring them into a world of communication.
It is easy for the American bent on accomplishing some
technical task to believe or to assume that the technical
skills can be taught first and the basic literacy postponedor better yet fobbed off on someone else. He says, «That's
not my job--l'm a technical man-it's a job for the educators."
We need not argue whose job it is. But it is job number
one. Basic literacy is the ticket of admission to the modern
world. It is folly to suppose that one can build modern technology without modern men. Modern men are literate.
Their literacy affects the whole nature of their performance.
It reaches into everything they do and affects their lives at
every point.
But the concern for basic literacy leads along a path that
ends in a modern educational system. I have talked to hundreds of technical assistance experts. I have visited many,
many countries. I have observed this kind of problem in
every possible context. The story is always the same. To
build basic literacy on a solid foundation you need good elementary schools. That means you need good teachers. And
that means good secondary schools and universities. In the
end, you need a fully developed educational system. There
really is no such thing as a fragment of a good educational
system. A healthy system is fully developed from the early
grades through graduate school.
This is a lesson that was learned the hard way by educators in our own country. At many points in the history
of American education, our schools and our universities have
each gone their separate ways imagining that they did not
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need each other, only to discover in the long run that they
needed each other very much.
But in building toward an eventually well-rounded educational system, where do you start? That is probably the
most widely debated question concerning education in these
developing lands.
The proponents of one point of view say ..Start by giving
every child four years of primary school. In that way you
create the broadest possible base and do not deny anyone the
benefit of some education."
Proponents of another point of view say .. Nonsense. You
must start with the university and work down. First of
all you need teachers, and if you spend all your money on
universal primary school education, there will be no resources
for anything else. And if you spend all your money on the
first four grades, what are you going to do with the students after they have completed those grades? You will have
created a hunger for education and won't be able to satisfy
it." .
Fortunately, we do not have to solve the problem in any
abstract sense. We are always coping with the problem in
some specific nation. And we are able to assess its existing
state of development, the state of its trained manpower resources, its economic patterns, and so on. And we can estimate where funds should best be placed to advance the
existing system.
But in thinking about these matters it is essential to see
the multiple functions of education in these developing
lands--or in our own land, although our own system is so
relatively highly developed that the functions are not as
clear.
We have mentioned only two functions so far-the
achievement of basic literacy and the implanting of useful
skills.
Another function of education is to insure that the community has certain shared values. It is these shared values
that make a society something more than just a lot of people.
In the nineteenth century when the European immigration
to this country was at flood tide, it was the public schools
that turned the second generation into Americans. It was
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neither American society nor American cities that were the
true melting pot. It was the American school.
In this Nation we have a very strong base of shared values
though it does not always seem so when you read the front
page of the paper. But we actually have a very strong basic
consensus as to how our society operates and gets its day-today business done. Having this base we can afford to forget
(and do forget) that the creation of such shared values is
an important function of a society's educational system.
But the developing nation usually cannot afford to forget
it. In many of these relatively new political entities, tribal,
local, provincial or clan loyalties take the place of any
larger allegiance and in the long run must be replaced with
more comprehensive loyalties before any significant policy
can be established.
Still another function of education is to provide a path
of upward mobility for energetic, able and highly motivated
young people. In those developing nations where the first
wave of social change has swept over communities, a great
many young people have been released from the constraints
of the traditional culture-and the abler, more restless, more
ambitious young people. Without that outlet, the energies
their new freedom. The community with a well-developed
educational system has, in effect, the means of placing a
ladder at the feet of every restless youngster. Education is
the most effective device we know anything about to provide a constructive outlet for the energies of vigorous and
ambitious young people. Without that outlet, the energies
may find release in destructive ways.
Finally, education must be counted upon to implant certain attitudes and values that are absolutely essential to an
effectively functioning modern society. It would take me
far afield to describe these in any detail, but I shall give you
an example.
Americans who have gone out to provide technical assistance around the world report that in many areas their
greatest obstacle is neither ignorance nor poverty nor hostility but a kind of passivity and fatalism. As one agricultural expert in Venezuela put it to me, "The man in the
fields here just can't really believe that any effort put out

44

by him or any intelligence applied by him is going to change
anything. He has seen changes, all right. Power changes
hands in the capital. Money changes pockets from one
patron to another. But nothing ever changes for him. He
isn't even disappointed because he never expected anything
else. The ancient woes aren' t curable. What will be, will be."
That fatalism is a complete and all-smothering obstacle
to purposeful effort and therefore to learning and therefore
to any significant self-improvement.
Education must, among other things, dissolve that attitude. It must make the individual capable of setting goals,
capable of being disappointed, capable of believing that evils
can be corrected, capable of expecting that effort can at
least occasionally pay off.
If you are dealing with confident members of a middle
class who have never been discriminated against or made
to feel inadequate, you will not face this problem. But in
many part of the world, in many of the developing nations in which technical assistance experts work, they will
seldom encounter such people. They will encounter individuals who have been subjugated by their own upper classes.
In fact, almost all work in agricultural development must
go on with such individuals-with formerly colonial peoples
who have been looked down upon.
We are now beginning to understand that when we are
trying to teach people who have for many years been
subordinated or excluded or discriminated against or in other
ways made to doubt their own value, we must first of all
repair the damage to their own sense of worth. This is true
whether we are dealing with former colonials in Africa or
field workers in Venezuela or N avahos in our own Southwest or Negroes in Alabama.
Learning occurs when people have some measure of confidence and hope.
The American bringing technical assistance can do something to help create that confidence, if he has some knowledge of and respect for the culture in which he is working.
It may seem paradoxical, but if you have some respect
for people as they are, you can be m ore effective in helping
them to become better than they are.
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The technician who can communicate his regard for a
people and their culture is more likely to be successful
in communicating his skills. And to do that he must know
something about the culture.
Now the kind of expert we are talking a·b out is not commonly found today, although we have many technical experts around the world.
Every year our colleges and universities turn out thousands of engineers, agriculturists, economists and so onhighly trained, highly capable professionals-and many of
them find their way overseas. But few have more than a
superficial knowledge of the world· beyond our shores. And
lacking that knowledge, they are considerably handicapped
in their work.
The chronic shortage of people trained to work abroad
has long been a source of concern both to government and
the universities. From the very beginning, government has
leaned heavily on the universities for both the staffing and
the management of much of our technical assistance. In
fact, almost all aspects of international education and cultural activities have really been staffed and managed and
planned and run by the universities.
I do not have to tell you that the universities, in turn,
have been hard pressed to provide this expertness. For some
it has been a beg, borrow, and steal proposition in which
they have had to staff themselves up hastily for government
contracts, and in the end some of the universities have been
the losers. For others these experiences,· on campus and
abroad, have been enriching.
But the lesson we have all learned from these years of
experience is that any institution getting into this workany institution at all concerned with the rest of the world
and how one works with it, and how one lends America's
skills and know-how to make a better world-must think in
terms of long-range ·goals. The institution must examine its
own resources, its motives for participation, and make the
necessary institutional commitments that will permit it to
do the long-term job.
Considering the need to get below the surface of a given
culture, an institution ought really to choose one or more
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parts of the world to specialize in so that it develops some
expertness in depth. This means more than a scattering of
professors abroad, each in a different part of the world. It
means more than a temporary gathering of strength for one
or two contracts or crash programs. It calls for an extensive
long-term commitment on the part of the university to put
its interests and its resources toward the development of certain aspects of its own curriculum, library, and the like.
In short, the universities are challenged to provide their
own students with the kind of education that will enable
them to meet their responsibilities as leaders, teachers, citizens and experts in a rapidly changing world. In so doing,
they will be helping to meet our larger national commitment
to make real the hopes for peace and prosperity among all
the peoples of this troubled earth.
In closing, let me say that this institution is no stranger
to these objectives, no stranger to these values. Your concern for the world we live in is in full evidence here, both
in your Peace Corps training project and in this international Symposium.
I can think of no finer way for a university to welcome
a new president than to offer in his honor the renewed commitment of its scholars to the search for solutions to problems that are shared by all mankind.
Let me again add my warm congratulations to Presidentelect Grover Murray on this occasion, and extend to him
and the entire university my very best wishes.
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I am very happy that a good friend and a distinguished
geologi'st, Grover Murray, will lead you as President. He is
in very good company among the distinguished university
presidents of this State and also in the good company of
several other distinguished geologists who have served as university presidents. Professor Orio Childs in this audience is
the President of the Colorado School of Mines, and Professor Carey Croneis, also in this audience, became a president
at Beloit College and is now the Chancellor at Rice. Among
others,_you may remember C. R. Van Hise, Edward Orton,
T . C. Chamberlin, Isaiah Bowman, Laurence Gould, David
Delo, Ben Parker, Francis Thomson, J. W. Vanderwilt, Robert Van Pelt and J. H. Zumberge. May I hope that this is
really the development of a trend to make geologists sacrifice
their isolation in research in order to get in and help run
things.
In any event, I wish to seize upon this opportunity to
develop a thesis that I have nurtured for many years. It is
not new to the geologists in this audience, so I would like
to present it to the other members of this company. Stated
briefly, it is my belief that geologic science is now the critical
science that will ensure the sustained progress of our civilization.
During the past 10,000 years there has been a progressive
flourishing of sciences during man's development. First agriculture, because man's interest was primarily food; mathematics and physics led to engineering and philosophy, chemistry led to metallurgy and medicine, and all of them have
contributed to make geology a formal science. We are in
the early stages of this formal science. But it is geoscience
that will provide for the resources and energy required to
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keep our civilization viable in future years. That is my
thesis, and I would like to develop it for you.
The first point I would make in this development is that
in the long view of the earth's history, man is very small.
Of all people, geologists have perhaps the greatest perspective
of history. Our view is necessarily the long one that goes
back beyond the time when man first appeared on this earth
about 2,000,000 years ago, beyond the time when flowering plants first appeared about ~ 00,000,000 years ago, beyond the time .w hen dinosaurs roamed the continents
200,000,000 years ago, beyond the time when -the first amphibians crawled out of the ocean 300,000,000 years ago,
when the first fishes appeared 400,000,000 years ago, or
when the first spiny creatures crawled on the bottom of
the oceans 500,000,000 years ago. It goes back even beyond
the first appearance of life more than 1,000,000,000 years
ago. In our laboratory a . few years ago we measured the
radioactive age of granite from Minnesota that proved to
be more than 3,000,000,000 years old. Meteorites have fallen
whose ages have been measured at more than 4,000,000,000
years. And our planet we think has been revolving around
the sun for m.ore than 5,000,000,000 years. The astronomers
tell us that our sun is but one of billions in our galaxy, the
Milky Way, and the Milky Way is but one of many galaxies,
each populated by billio,n s of suns. Who knows how many
planets like ours exist in the universe? In any event, our
long view of history tells us that man is insignificant. And
yet we are the first ci:eatures to recognize this, to learn
about the past and to worry about the future.
For any life species to persist on this planet, a successful
adjustment must be made between population and collectivt
arrangements; in other words, critical mass and critical distribution are both required to prevent extinction. Many
species of life have succeeded in making this adju·s tment. I
have a tree in my backyard that as a. species has persisted
on this earth for more than 60,000,000 years, and another
one that has flourished for more than 300,000,000 years. But
many species have not succeeded. Man himself almost did
not .make it. For a million years it was touch and go; but
we did make it and here· we are.
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In contrast, however, to the long view, in the short view
of history man casts a big shadow. In the evolution of life
on this planet, he is nature's highest achievement. Biologists
tell us that the significant process in the development of
life during the past billion years has been the heightening
of consciousness. It has been a strange, but yet a constant
process. We know it as the development of a nervous system
or the development of the senses. In man the development
has been strangest of all. The spectacular development of
one lobe of his brain, the epithelium, has made him the most
rational and self-conscious of creatures, and hence nature's
foremost creature on earth. With respect to other creatures,
he certainly stands first.
Man has succeeded because he posse~ses three faculties ·to
the highest degree. These I call the three C's: first, the ability
to communicate, h~nce language; then the ability to calculate, hence the concept of time; and third the ability to
construct, hence the concept of form. Utilizing these three
basic talents, man has grown from the lonely existence of a
primitive food gatherer to a developer of major civilizations.
A few thousand years ago, :m an founded separate civilizations in different parts of the world, completely isolated
one from the other, and yet each followed a similar pattern.
Today, different cultures are linked so that true isolation no
longer exists. This has been man's primal pattern-to build
together in spite of some inherent and mystifying tendency
to destroy.
So much for the past. What of the long view toward the
future? I know of no reason · why this earth should stop
revolving around our sun for another 5,000,000,000 years,
and I have the greatest confidence that man can continue
to exist for at least another million years. Having exceeded
his critical mass in population and his critical distribution
in all geographic zones· on ·earth, he can now protect himself, build for himself, provide for himself as no other creature heretofore. To many,. this indicates special creation.
Geologic history shows us only that the evolution of life on
earth has been in the form of a spiral growth in which each
cycle represents a higher stage. From this concept of history
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we can project from the past through the present into the
future.
Human civilization, as life in any form, requires two basic
ingredients to remain viable--raw resources and energy. One
without the other is not enough, one alone will not sustain
life. They are, therefore, the coupling parameters by which
all civilization can be measured. Our modern culture has
its roots in ancient Babylon and Greece, brought together in
the third century B.C. by the ambitions of Alexander the
Great. During the successive movements of the center of
gravity of civilization from Greece to Rome, to Byzantium,
to western Europe, and now to America, the bundle of politics, literature, art, philosophy and ethics was never lost.
But the very evolution of civilization was brought about by
the spectacular growth of science and technology which
provided the resources and energy needed to lift man from
his primitive state to his modern existence. The water and
food, for example, needed in massive quantities, ancient
rulers provided by government support of engineering
works, but the energy was largely provided by slaves. Even
in ancient Athens, the first seat of a free society, half were
enslaved. During the centuries, especially the last two, man's
ingenuity has brought about great strides in separating man
from manpower. But if, as others predict, the world's population will double in 40 years to 6,000,000,000, civilization
as we know it now is imperiled unless the other half of the
energy-resources coupling is reinforced. We have no need
perhaps to worry about the next decade or two. But we
must ask the question, upon whom does the responsibility
fall for the welfare of future generations? I submit that in
providing massive sources of energy, man has also provided
the key to the greater resources he continually needs. The
door has opened wide to invite inquiry and search into the
crust of the earth for those raw materials needed to maintain and sustain a burgeoning population.
The complications of our modern world and the problems
of living in this technological age have tended to obscure
the simple fact that the crust of the earth has been the
immediate or the ultimate source of all man's material needs.
Shelter, water supplies, fuel, metals, soils-all have their
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source in the crust beneath our very feet. And the study
of this crust is the special province of the geologist.
As a formal science, geology is less than 200 years old.
One may therefore ask the question whether it has in fact
made any substantial contribution to the development of
our present civilization. From the material point of view,
the world progressed reasonably well without it for many
centuries. It did not require formal science to discover that
a house built on rock is more durable than one built on
sand. The buildings, bridges, and aqueducts· of the ancient
world were built without the benefit of card-carrying geologists. Gold, copper, iron and tin were known and used before the beginning of the Christian era, and coal has been
mined for centuries. Wells were dug for water and even the
general principles of irrigation in arid and semi-arid lands
were practiced with consummate skill. Throughout these
centuries, however, the need for a formal science of geology
increased. There is little doubt that the scientific method
employed by other scientists and scholars led to the development of a formal science. There is even record in the Book
of Joshua of a geological survey of sorts, and perhaps the
first, where it is written "Ye shall describe the land and
bring the description hither to me."
Just about the very same task was given to Lewis and
Clark by Thomas Jefferson, another geologist and college
president, in 1803 when our face turned from western
Europe to the western regions of our own continent. In
1879, Clarence King, the first Director of the U.S. Geological Survey, was similarly instructed to classify the public lands and to examine the geological structure, mineral
resources, and products of the national domain. In the
eight or nine decades since, the Geological Survey has striven
to describe the land. Its book publications take up 245 feet
of library shelves. The number of separate maps describing
the surface of the land, hydrology or geology is about
35,000. More than 10,000 papers have been published in
scientific and technical journals identifying and discussing
problems encountered in desc:ribing the land- all of this and
yet only one-fifth of our country has been adequately
studied in this way.
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In earlier years the search for mineral resources was practically confined to the surface of the ground. Without guiding principles to lead him, the searcher depended on trial
and error, or luck. With the development of a formal science, however, there has been a great increase in mineral
wealth, because hidden resources that could not otherwise
have been found have been uncovered. Ten major mineral
discoveries in the United States in the past few years total
more than $100,000,000,000. Each was found by sophisticated research and technology. With the same sophistication
we can discover the water resources we need to make possible communities and industry where none could exist before, and provide the data on the land and the rocks beneath without which many of our greatest engineering enterprises could not materialize.
Let us take a quick look at this university and the communities around it within our horizon. They and many
others like them are nestled in a belt of arid and semi-arid
land that stretches from Mexico to Alaska. And yet in spite
of the sparse vegetation cover and the scarcity of surface
water, this belt of land maintains clusters of permanent
population centers. All this is possible because we have
reached downward into the third dimension to capture the
underground sources of wealth that provide for survival
and economic exchange. Similar lands throughout the globe
offer such hope.
At this stage in history, tremendous sources of energy are
available to us. The midget steam engines that preceded the
Industrial Revolution have grown into the giant power
generators of today; and over the next several decades there
is no limitation in sight for crustal materials that can be
transformed into energy.
What of the other of our coupling parameters-what
of our raw resources? Here, the future is not so clear. In
the past 5 0 years man has consumed more mineral resources
than in all his previous history, and supplies of many are
now critical. This is the point in time at which the geologic
science becomes truly necessary-when man truly needs it.
I believe that with its aid future prospects for new raw
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materials can be regarded as optimistically as the prospects
for energy.
There are vast areas-both on land and under sea-that
have not yet been explored. Even in areas which have been
explored there is wealth below the surface which lies waiting to be discovered and exploited by use of more refined
techniques and instruments and through a greater understanding of the geologic factors controlling their occurrence.
For example, just recently Secretary Udall announced the
initiation of Program EROS (Earth's Resources Observation
Satellite) . By use of remote sensors at different elevations
above the ground via aircraft and manned or unmanned
satellites, new data may be obtained which, hopefully, geologists can interpret in terms of properties of the earth's
crust and thus discover additional resources. With the continued support of our sister sciences of physics, chemistry
and biology and with the aid of engineering, geologists can
now hope to decipher the three-dimensional jigsaw puzzle
which is the crust of the earth, to understand the very
processes deep within the earth by which minerals and rocks
have formed and which have shaped and reshaped the crust
during the past 5,000,000,000 years, and thus to gain a
thorough understanding of this world beneath our feet.
During the past two decades the separate disciplines of
science and technology in the universities, in industry, and
in go·vernment have been drawn more closely together in
a community effort to identify and tackle the problems of
civilization. This increased rapport offers many opportunities and certainly new approaches. For the solution of many
problems we must study the earth, if not as a whole, then
certainly in large segments or regions. Governments must
continue to play a role, for the scale of such projects lies
beyond the scope of the individual investigator or even the
individual institution or corporation. Where the common
good of many is concerned, and the welfare of those who
come after us, our federal government cannot neglect an
increasing role; for government is, by any analysis, the instrument of all the people.
In this address I have consciously emphasized the material
aspect of our civilization. Whether we deplore it or not, this
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is what we have and this is what we do not want to lose.
I could just as easily have discoursed on the cultural aspects
of a scholarly science-<>n terrestrial dynamics of mountain
building, volcanism, earthquakes or crustal migration, on
recent contributions to our knowledge of paleomagnetism,
paleolimnology or paleoglasciation, or on new concepts of
phase changes in silicate mineral structure or a dozen other,
to me, exciting problems in the area of geoscience. But I
would like to believe that the two postures are not unrelated-that pure science always has led and will continue
to lead to material benefits for our society. History has well
demonstrated that in times of material plenty the bundle
of politics, literature, art, philosophy and ethics, so necessary to the human spirit, likewise flourishes. This is not
said in a spirit of arrogance. I hope that the non-scientists
among you understand that arrogance is a disappearing sin
among scientists. We in the geologic science are simply overwhelmed by the vast task confronting us. We know so
little about the earth and we need to know so much more.
We shall continue to learn by the scientific method and continue to apply our knowledge along the way for the benefit of mankind. This is, after all, the obligation of all
learned professions. This is the task to which the U.S.
Geological Survey is committed.
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Man and Climate*
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The climate of which I am about to speak is not the
synoptic alternation of storm clouds and sunny skies. Rather
I speak of the atmosphere, or climate of opinion and understanding, within which human actions take place and
which influences those actions. This atmosphere may be
thought of as the micro-environment of viewpoint ..
Our actions in the field of water development and management are characteristically biased by the local climate of
opinion. This climate of opinion is changing, but our approaches to water planning, development and management
are remaining quite static. The need for adjustment of the
planning and engineering approaches to new needs and new
viewpoints in itself a major problem in the water field.
Water crisis is a way of expressing the fact that there is
insufficient water available at the place it is needed. It is
well recognized, however, that water problems of the country are not all related to a crisis caused by local shortage.
In view of this, other classifications of the problem have
· been developed, one of the most explanatory of which delineates the following types of water problems. Major problems can be classified as those due to unequal distribution of
water availability, those due to shortage of local supply,
those due to chemical and sedimentary content of water,
those due to pollution, those due to floods and flood damage, and, finally, those due to the inherent variability of
water in time.
This sixfold classification may at first glance appear to be
related to physical features alone, but actually each of these
problems, which apparently are physically derived, has hidden aspects which have their origin in attitudes, habits and
outlooks. For example, a definition of pollution should
* Publication authorized by the Director, U. S. Geological Survey
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logically depend on the relation between actual water quality and that which is desired for a particular use. When a
stream is considered to be polluted, a judgment is being
rendered, however hidden, that for some particular use the
water is unsuitable. As another example, the occurrence of
floods is obviously a water problem, but flooding is a natural
characteristic of rivers. Flood damage, then, is caused because man gets in the way of the river at the time it needs
to use the flood plain for the passage of an exceptional flow.
Considering, then, that any useful classification of water
problems inherently involves the climate or the atmosphere
within which we view water in the environment, it is not
illogical to add a seventh to the list of major water problems of the world. I here call it the social problem of water,
meaning the relationship of society to its water resource
expressed through attitudes, procedures for economic evoluation, legislation, standards and custom. There is reason to
believe that these, in their interaction, may be more important than any other water problem that we face.
There is increasing recognition that the water resource
must be viewed in its totality. Even our view of this totality is gradually expanding. There was a time, and it
was impressed deeply in the laws of the land, when it was
thought that surface water was in its very nature different
from ground water. Now it is quite well understood, as
it was always among hydrologists, that surface water and
ground water are merely names for the same thing, differing only in temporary location. Ground and surface water
are integrally connected and must be viewed in terms of
the hydrologic environment of the locality in which they
occur.
Also, the hydrologic environment was once considered to
be important only in terms of a particular river or sub-basin.
More recently it has been viewed as the whole drainage from
headwaters to the ocean. But even this was found to be a
limited view for some purposes, and basin consideration
gave way to regional aspects, including more than one major
river drainage. Still more recently, organization of the International Hydrological Decade is recognition that there
is even a larger environment in which the whole water cycle
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of the earth operates, and for some practical purposes it is
desirable to recognize the hydrologic process on the whole
planet. From such a view, the water resources of the respective continents are placed in perspective.
Concurrent with these changes, the environment for
water came to mean the total ecological environment in
microcosm. We now speak of the interrelation in a small
basin between physical, biological and social aspects of water,
including water quality and its relation to esthetics and
amenities in that microcosm.
The shift of emphasis from basin environment led us to
see the necessity of interdisciplinary studies of water, and
we now hear much talk about needed emphasis on research,
combining legal, economic and biological as well as physical
aspects of the water resource. This interdisciplinary approach is perhaps too new to expect any immediate important forward strides in our approach to water problems.
But at the moment this much discussed interdisciplinary
approach seems to have yielded primarily an increased emphasis on incremental analysis of the variation of monetary
costs and benefits with slight changes in the scale of development.
That incremental analysis, especially the application of
techniques such as linear programming, should constitute one
of the principal fruits of the increasing sophistication of
water economics, and should not be attributed merely to
the availability of the high-speed computer. This emphasis
is perhaps no more than we should expect in the arid atmosphere of static procedures in planning and evaluation.
With the potential for innovation promised by the inauguration of a new president in a forward-looking and
growing institution such as Texas Technological College, it
would be salutary to contemplate the reason for the social
problem of water as it exists in the Southwestern United
States. The social problem of water here is as prominent as
those problems resulting from supply, mal-distribution and
variability, for, as I have implied earlier, these physical problems arise in part from the current relation of society to
the resource.
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Interdisciplinary efforts in the water field have, in my
mind, made slow progress. They seem to lack consideration
of the possibility of innovation, especially in planning procedures and evaluation criteria. Because innovation in these
criteria is not contemplated, interdisciplinary research becomes ineffective in promoting innovation.
We continue to assume that the monetary cost-benefit
ratio will remain the same as in the past decades, the principal criterion for measuring social value of a water development scheme. Even at the level of research, there is but
slight consideration of the possibility that other measures
of social value might be more realistic in the present society.
As long as costs are considered to include only direct monetary oosts, and benefits exclude the non-monetary, especially
the esthetic and amenity values preserved, the cost-benefit
ratio , will tend to retard adjustment of evaluation of procedures to keep up with changing public desires.
By the same token, the lack of expression in specific terms
by planners and development engineers of the feelings of
the people prevents the recognition and enunciation of these
very feelings and desires.
It is well recognized that the costs of water ·development
can with sufficient accuracy be estimated. The difficulty
is in the proper assessment of benefits, because the value to
be attached to any social benefit is so influenced by the
local climate of opinion or our viewpoint of what is desirable. The cost- benefit analysis has the great advantage
of providing a scale of comparison. It should be recognized,
however, that many, if not most, decisions taken in the water
field are essentially administrative or political, using the
word political in the context of statecraft. The latter is
often conveniently forgotten and the cost-benefit ratio used
as if it were the only or principal criterion of worth.
Water planning is particularly deficient in data and other
results of investigation in the social sciences, especially in
knowledge of how the climate of opinion is influenced,
what factors lead to varying views about value, and what
are the attitudes of people toward water and the environment. Attitudes concerning the value of amenities are largely unexplored; nor is there any accepted technique for stat60

ing quantitatively the comparative factors contributing to
amenity of an environment. Again, the changing climate of
public desires will result in changing values attributed to
'various components of the amenity of landscape.
The pricing pattern of water, much discussed but little
altered, is another example of habit and attitude effectively
preventing long-needed change in resource evaluation. Only
on a very small scale have pricing and taxing policies encouraged real market values of water, thus providing incentives for improved economic efficiency of water use.
Water subsidies at the federal, state and even municipal
levels continue to keep frozen the possibility of increased
water use efficiency by readjusting demand into a realistic
relation with water availability. The habits and customs derived from earlier conditions have tended also to be enacted
into federal law, which further tends to harden the evaluation system against change.
For example, the great floods of the 1920's and 1930's
demonstrated that there is a federal responsibility for assisting regional groups in protection against the catastrophe,
the economic effects of which are too broad to be sustained
by local municipalities. Thus the initial federal flood-control
legislation was designed to ameliorate the impact of the
catastrophic flood. Later, this legislation was amended and
extended to protect any and all citizens against even the
small flood, provided that the economic benefits were computed to exceed the economic costs. These extensions of the
original idea have made it increasingly difficult to utilize
non-engineering measures, such as restrictions on the use of
flood plains, which in many cases can be shown to reduce
flood damage more cheaply than by building reservoirs.
Even such innovations as flood insurance designed to relate
the cost of protection to the direct beneficiary have never
become operative.
A still broader failure to adjust planning procedures to
meet social aims is the failure to inform the public of the
real alternatives available for achieving a given end and the
consequences and costs of each alternative. It is present
practice at nearly all levels of water-resource planning to
develop what people are led to think of as the best possible
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plan, which is then presented to the legislature or Congress
for a vote. The advantages of developing for public inspection real alternatives before a particular water-development
plan is chosen have been recently explored in a report of a
committee of the National Academy of Sciences.*
Innovation in planning analysis and evaluation procedures
seems to me to be lagging behind the changing social climate
within which water development takes place. That the
social climate is changing is witnessed by the natural beauty
message of the President. This message recognizes that
Americans have in recent years placed increasingly higher
values on the esthetic aspects of the environment. The public interest in pollution abatement is another indication of
this trend. These are indicators of a change of value of water
to society, but these changing values are not reflected in
the planning rules or the evaluation standards presently being used.
The agencies of government, federal and state, can by
their attitudes and actions, influence materially the public
view of resource development. In the semi-arid areas of the
Southwestern United States these attitudes and actions are
predicated on the assumption-and it is a mere assumptionthat government has the responsibility of providing water
for any use to meet demands of population growth wherever
such growth occurs. But this assumption, and the procedures
which flow from it, give no incentive to population growth
where water is, nor any restraint on growth where water
or other needed resources are scarce. A different assumption
could lead to incentives for growth in those places where
resources are abundant and at the same time provide incentives for changing patterns of resource use to support
larger growth per unit of resource. As an example of a lack
in interdisciplinary research, there is available no sophisticated study of what might result if there were instituted
incentives for population growth in water-rich areas rather
than in water-poor areas. It is possible that such incentives
would promote economic growth faster in a semi-arid state
by their effect on increased efficiency of use of that water
• National Academy of Sciences-National Research Council, Committee on Water,
Alternatives in. Water Manageme11t, 1966
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studied by research groups, it has but small possibility of
already available. But if this kind of alternative is not even
realization at the operating level, regardless of its potential
'value to the region or to the nation.
Owing to the fact that society is demonstrably changing
its attitudes, desires and values toward the environment, the
water scientist, the planner and the developer might well
be turning their attention to the social problem of water.
Innovations in facing this social problem would take effective form principally through the medium of actual development plans or pilot projects on the ground. They do not
lend themselves to technical papers in the scientific literature.
An example is in city and urban planning for the preservation of green spaces and amenities. Advances in these
areas invariably involve projects which test in actual practice the degree to which the people desire the preservation
of amenities in the environment. It is necessary to experiment with different local and administrative techniques for
carrying out the people's wish, recognizing, of course, that
the desires of people in a given area are often both unformulated and diffuse. Research papers do not consolidate, or
mold the wish of the public. On the other hand, demonstration projects, in this case in actual land planning, can
both formulate in concrete terms the community desire
and give it new direction as well.
So also the elucidation of real alternatives of water development will take on meaning only when carried out in
practice through new types of planning reports. The social
problem of water, then, implies emphasis on actual demonstration, even on areas as small as portions of a county or
in a single small community. It is one of the ways by which
the prevailing climate of public desire can best be ascertained by dealing not with abstractions but with the existing relation of people to their real environment.
The needed research in the water field should not be
considered to lie primarily in the realm of high-speed computers and sophisticated laboratories, but it must become
involved with actual landscape, liquid water and with people.
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