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Every scholar in the country must be observing with consternation the lack of
real attention being paid to the education of our young. Teachers are underpaid
and undervalued and get little help in retraining or improvement in teaching skills.
Support for facilities and supplies is woefully laclung. The national budget does not
give real priority to this sector of society. There is much spouting of verbal support
for education but neither Congress nor the administration fulfills the promised
commitments.
I know of no successful scientist who does not point to one or several teachers,
advisors, or supervisors whose influence was crucial to his development. I point
with pride and gratitude to those individuals who have greatly influenced my
career. I had an advantage, perhaps even a greater one: a family of distinction and
of enormous help in their constant attention to intellectual and handicraft pursuits,
where children were free to expand and enjoy, with few rules and little direct
supervision.
The present essay concerns the importance of the individuals, who as teachers,
mentors, friends, or supervisors, add so importantly to the lives and careers of
young people. By implication, it also deals with the responsibility carried by those
senior members in a community who can exert such influence. The essay also
emphasizes how the choice of problems on which to work is crucial.
Individuals find their way into science by various routes. Some enter the first
stage of scientific developmentthrough a hobby, which leads to increasing depth but
never wavers from a particular discipline. Other routes are marked by experience
in a variety of settings, seemingly wandering from one subject to another. Mine
was the latter. As it turns out, this variety has been of great importance to me.
In advising college students, I found it common that a student did not know
what he or she wanted to be, in which case I urged them not to be concerned about
this, but to take a variety of courses in order to savor the many possible avenues
to a satisfying life.
It is my opinion that the most important elements of parental help are freedom,
with only minimum supervision, and the example set by the parents. In my case,
my father, Aldo Leopold, was a professional forester with a great interest in all
of biology. He was a good naturalist, an excellent observer, and an experienced
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outdoorsman. He married a Spanish-American girl, Estella Luna Bergere, who
became a good botanist. She was everything any child might want in a mother:
devoted to her husband and an excellent homemaker, even though their income
was extremely modest. Father was a skilled craftsman in a variety of media; their
two elder children followed suit simply by observing what a parent did.
Halfway through his career Aldo quit his position and became a self-made
game manager. Through his early experience with horses, field measurement, and
hunting, he became a skilled ecologist, aprolific writer in professional journals, and
well known for his two books: Game Management and A Sand County Almanac. It
is difficult to say how he influenced his five children, except by example. His wide
interest in biology, politics, farming, and aspects of agriculture certainly gave his
children an idea of how much there is to know. My parents were very well read.
Because my father had trouble with his eyes, Mother read to him every evening.
Their reading included a variety of subjects, including history, novels, plays, and
politics. All of the children went to the University of Wisconsin. Because finances
were limited, we all lived at home and walked to and from school four times a
day. The kmd of freedom we enjoyed would be rare today. My best friend, Albert
Gallistel, and I were involved in many activities, in both high school and college.
Drama, skiing, skating, camping, canoeing, sailing, and skate-sailing were our
recreations. In addition, I was a keen hunter. While we were in college, Aldo had
mostly given up shotguns and turned to archery. We made our own tackle, even
our bowstrings. A d o made equipment for Mother, who became the best archer in
Wisconsin, winning the state championship for several consecutive years.
These items are worth mentioning because I found that variety in experience
and in reading were not only a source of intellectual stimulation, but when mixed
with field sports, made life interesting. I enrolled in civil engineering at the University of Wisconsin, though my lackluster performance in high school was a
disadvantage, I took an extra year to get a background in biology, but graduated at
age 19.
It is difficult to say exactly why our parents’ influence on each of the five children
was so important, but it appeared to have worked. Each one of us left home after
college and we all ended up in science. All five hold doctorates from Harvard,
Yale, California, and Wisconsin. Three were elected to the National Academy of
Sciences and two to the American Philosophical Society.
Mixing up various kinds of subjects in the years at school is one of the best paths
to science, even though my research career began much later. Influenced by my
father, who saw the mountain west devastated by erosion of the alluvial valleys,
I became interested in the practical aspects of forest and grazing management.
During summers in my college years, I worked at the forest and range experiment
stations and then on the Navajo reservation of Arizona. Upon graduating, I found
a job in the Soil Conservation Service in Albuquerque, New Mexico. A few years
later, I could look back at how little I knew at that time. During that first year
my father had written a manuscript on the erosion problem and sent it for review
to Professor Kirk Bryan, a geologist at Harvard. Bryan was scornful in his reply,
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saying that Aldo knew nothing of geologic history or of climatic change. Aldo never
published the paper, but suggested to me that because I was in the conservation
business, someday I should write such a paper.
Kirk Bryan was one of the most prominent geologists of his day, a real idea
man, prolific writer, and widely experienced in Western land problems. He said
that the erosion problem was primarily climatic in origin, and that grazing by stock
was just the trigger pull of something about to happen.
After some thought and in consultation with the geologist in our office, Parry
Reiche, I approached the regional head of the bureau and suggested that because
prominent people thought we were wasting our time, maybe we had better learn the
basis for this criticism. Bryan was speaking out in public expressing his disdain for
our effort. I asked the head man to send me to Harvard to see the evidence for such
a view. I was turned down as a rather puerile youth. I resigned, applied to Harvard,
and was accepted. Bryan told Reiche that he had never had an engineer as a student
and was anxious to see what an engineer would do in geology. My father, who
was unemployed, dipped into his small savings and gave me just enough, together
with a small scholarship, to scrape by. I did not get a Master’s degree because I
had no foreign language, a condition that I had much reason to regret. At school
I studied meteorology at M.I.T., ecology under the great botanist Hugh Raup,
and geomorphology and Pleistocene history under Bryan. Professor Bryan wanted
each of his students to know something of plant ecology, soils, the effect of wind
and ice, and the periglacial processes. As a result of this broad view inculcated in
the students, most were very successful in their careers.
It was during graduate school that I was finally exposed to the principal problems in that part of science in which I was embarking. The glacial history of the
continent and Europe were certainly studied, but he stressed the problems of timing, distribution, and periglacial effects. Changing climate causes a variety of
effects in both processes and physical environment. There are many unknowns related to river terraces, stream degradation, and aggradation. I became particularly
interested in this matter.
It also became clear that a college education concentrates on techniques and
is rather thin on problems or unknowns. So it is hardly surprising that graduate
training is essentially different. I say this even with the advantage of having mixed
engineering with biology, a combination more conducive to new problems than
the usual mix of engineering topics.
Graduate education should place great emphasis on the discussion of unsolved
problems. This certainly contributed to the success of Kirk Bryan as a teacher.
His students made important advances in a variety of subjects, including alluvial
chronology, periglacial and glacial geology, wind action, soil and vegetative effects
on landscape development, and archaeology. His influence is indicated by the fact
that of the four geologists who have received the National Medal of Science, three
were students of Kirk Bryan.
For lack of money, I could not return to graduate school; I instead returned
to Albuquerque where I had the good fortune to be put under the supervision of
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a great engineer, Thomas Maddock, Jr. Together, we made great strides working
with the newest concepts in hydrology, which was at this time advancing at an
exceptionally rapid rate, disseminated through the widely read Transactionsof the
American Geophysical Union. He gave me great latitude to take up investigations
on my own and encouraged me to put the results in publishable form.
Pearl Harbor changed this. I contacted friends in the Corps of Engineers to see
if they could use me in the new work required in the war effort. I served in the
Los Angeles office for some months when it became clear that the Army would
not award a commission to an engineer, though I had offers from both the Navy
and the Marine Corps. Instead, I chose to enlist as a private and applied for officer
candidate school in meteorology. After a brief boot camp, I was assigned to a year
of training, after which time a few of us were kept to teach the next class of cadets.
When this assignment was complete, all the teachers were dispersed except two:
Lt. Charles Beer and I were brought to UCLA to carry on research on forecasting
for a possible landing in North Africa. The meteorologic situation at Casablanca
is very similar to that of Los Angeles.
The time at UCLA was very rewarding. As Commanding Officer of this small
group, I was working directly under the famous meteorologistJacob Bjerknes. He
became an important influence in my adult training by showing me the importance
of reasoning from general principles. Although mathematical analysis is useful,
application of general physics is also a way of approaching a problem. During that
time, I earned a Master’s degree in Physics-Meteorology,which added breadth to
my earlier work in hydrology.
After the war, I had a brief stint in engineering where I worked on land-use
history and sediment problems. I designed a sediment laboratory for the Bureau
of Reclamation and had a research association with members of the Geological
Survey. While at the Bureau, some scientists of the U.S. Weather Bureau suggested
to the new Director of the rejuvenated Pineapple Research Institute in Hawaii that
he approach me and discuss his need for a meteorologist. After some meetings,
I was offered the job as head of the Meteorology Department. There I was thrown
together with several prominent research scientists, relationships that added greatly
to the life of a person moving toward science. The Director, Eugene Auchter,
became my model of how to run a research shop. Freedom to experiment, openminded encouragement of untested ideas, and financial support were among the
keys. The Director was interested in forecasts that would help the pineapple and
sugar industries.
I worked on climatologic problems of my own choosing, absorbing local knowledge necessary for development of a forecasting method. With the assistance of
several coworkers,I developed a short-term procedure that was the first quantitative
rainfall forecast for agriculture. Such a forecast was possible for a specific location
based on the observed fact that for every place on an island, in the absence of a
general rain, the local amount was correlated with the elevation above sea level of
the location. A forecast of the amount of a general rain could be added to the orographic increase for each location and thus estimate a quantitative amount. We also
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introduced the idea of attaching a probability statement reflecting our confidence
in the estimate. This was a new idea at the time.
During this period, I arranged for consultative advice from the most prominent
meteorologist of his day, Carl Gustav Rossby of the University of Chicago. He
became not only a technical advisor but also a friend who had an important influence on my future career. Rossby never said as much, but as I watched his manner
of thinking I could see that my weakness in mathematics meant that I could never
achieve real stature in meteorology. This recognition of weakness is an essential
aspect of career development. For this insight, I owe Rossby a great deal, for it
changed my future.
During this period, I was writing manuscripts on my previous experience
as well as on Hawaiian climatology. In 1949, I sent a manuscript to my earlier professor Kirk Bryan for review. Though we had on occasion corresponded
about my finishing graduate work, no arrangement was forthcoming. But now he
replied with an unexpected offer: If I returned to Harvard, the degree requirements
could be satisfied. I did not hesitate. Within months I moved my young family to
Cambridge.
While in Washgton after the war, I had considerable collaboration with engineers in the U.S. Geological Survey. On my departure, there was a casual offer
from the Chief Hydraulic Engineer that if in the future I wished to return, the
Survey would find a place for me. I resurrected this offer and arranged to join the
Survey, but would be allowed to take leave without pay to go to graduate school.
To convey a picture of how Kirk Bryan influenced students, during the period
when I was on my way to resume study, Bryan gave me only one piece of advice.
In a one-sentence note he wrote, “While you are at it, I’d like you to tell me what
was the climate of the Pleistocene.” This subject became a chapter in my thesis.
Bryan was pleased and it was later published in the American Journal ofscience.
Bryan always turned every matter into a question, not answers. All of his questions
were provocative, each a different scientific problem.
I became a friend of John P. Miller, who was also a Bryan student. He was well
versed in geology and had already mapped a series of quadrangles in the Sangre
de Cristo Mountains of New Mexico. Both of us were interested in the problems
of river terraces and decided that on graduation, we would study the alluvial fills
in eastern Wyoming. It was a great education for me. We traced river terraces
upstream from the plains to the glacial headwaters, studied soils and paleosols,
and drew tentative conclusions about the climatic conditions during deposition and
erosion. The resulting postglacial chronology of alluvial valleys was published as
a Water Supply Paper of the Geological Survey.
That summer Kirk Bryan died. He was looking at an archaeological site in
Wyoming. We were his last students.
When I joined the Geological Survey, I was in the Water Resources Division.
Engineers dominated this unit, although there were a few geologists in the Ground
Water Branch. In the 1920s, the Division included some superb geologists, including Kirk Bryan. In recent decades, the principal effort was in streamgaging and
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publication of the resulting records. The word geomorphology was quite unknown
in the office. There was no research.
I did not quite fit into the work, and they were not sure what to do with me.
There was no office for a free-floating researcher, but the Assistant Chief, Royal
W. Davenport, offered to let me have a desk in his office. That suited me fine.
The summer in Wyoming brought to my mind a list of problems. I chose to
try to find what determined the width of a river channel. It was a very happy
choice. I could see that, until then, geomorphology had been a purely descriptive
subject; it could be attacked in a quantitative manner, and the Survey files had a
wealth of measurements. In a few months, I finished a manuscript on the geometry
of channels. The paper on the alluvial valleys of Wyoming, a geologic subject,
was written for engineers, and the paper on hydraulic geometry was written for
geologists and published as a Professional Paper in the series read primarily by
geologists.
At the time, there was one other paper dealing with quantitative analyses in
the geomorphic science, the work of the famous engineer Robert E. Horton on
erosional development of streams, published in the Bulletin of the Geological
Society of America. These two papers started a trend that became general.
Miller and I started a project on ephemeral streams. Few quantitative data were
then available. We camped on a high hill and watched for thunderstorms, then
chased them across the landscape to measure the flow parameters and the sediment
load. The next problem we chose was measurement of surface erosion with new,
simple techniques. For this, we chose a sandy channel near Santa Fe, New Mexico,
where we intended to test our hypothesis that the occurrence of consecutive bars in
channels was due to the interaction of rocks moving on the streambed. It was about
this time that our lives changed radically. Miller was given the geomorphological
post at Harvard and I was advanced to the position of Chief Hydraulic Engineer.
But in the second year of our project on rock movement, we suffered a serious
blow. Miller and I were in the field in New Mexico during which time we had
been discussing writing a book on geomorphology. That day, we began makmg
measurements of our erosion pins. While kneeling down on the ground, Miller
was bitten by a flea. He contracted bubonic plague and in four days was dead. It
was a stunning loss.
The assignment to Chief Hydraulic Engineer gave me the opportunity to put into
practice some of the things I had learned in professional life about administration,
leadership, personnel management, and research. The Director, Thomas B. Nolan,
a prominent scientist himself, gave me free rein to improve the Water Division, with
some money to do it. He did not specify how. Taking note of our sister Division of
Geology, it seemed clear that our division needed a research branch to accompany
our strong data collection effort.
With the help of Walter B. Langbein, the most forward-looking engineer in
the Division, we laid out a group of subjects that reflected my view of what geomorphology encompassed; that is, all the earth surface processes-hydrology,
pedology, and biology-that influence landscape development and maintenance.
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The subjects that we intended to staff included, at first, general physiography,
glaciers, hydraulics of alluvial channels, channel form and process, hydraulic
roughness, sediment transport and deposition, riparian vegetation, and groundwater hydrology. Other topics were added later.
The new people I hired all had PhDs. They were chosen to fill certain areas
of investigation. I specified the general area to which they were best fitted, but
beyond that they had freedom to pursue the subject as they saw fit. Each was given
an amount of money equal to his salary to use at his discretion. Those who needed
a laboratory or other expensive tools had to wait their turn to get it financed.
Another way of increasing our ranks of PhDs was to select individuals qualified
to send to school on salary with tuition paid. Though this was not sanctioned by
any government rules, our Director did not object, and the program was very
successful. Not all those who graduated chose to stay with the Survey, but in
academic positions, they spread the teaching of geomorphology.
Several aspects of organization were added to provide what I called intellectual
atmosphere. Whenever a visiting scientist arrived in town, he was invited to give
a seminar on any subject. These seminars could be assembled in half an hour with
most of the scientific staff attending.
I attempted to have in our group one scientist from another country who was
invited to come, all expenses paid, to stay for a year or less. The first scholar
was George Dury from Birkbeck College, London. His work on ancient stream
channels was new, and it was being rebuffed in England. In our group, he was a
great success and his controversial papers were published by the Survey. He later
he went to Sydney and then to Wisconsin.
Soon after I took over the Division, I had the pleasure of meeting the distinguished physicist Brig. Ralph A. Bagnold. We were both interested in sediment
movement and associated hydraulics. I invited him to come to Washington for extended periods as a consultant, and over the years we published together. Some of
his papers were published in the Survey series. He became a close personal mend,
although he was senior to me by many years. After he died, I sent to the library of
the American Philosophical Society the more than 80 letters he had written to me
over the course of our association.
The contacts with people from abroad widened our views. Similarly, the association of members of our staff with UNESCO extended our scientific world. My
Associate, Raymond Nace, was influential in the establishment and operation of
the Hydrologic Decade.
During this time the majority of the Division staff carried on their excellent
work maintaining the network of stations where measurements of discharge, water quality, sediment, and groundwater were made. The staff improved methods
of measurement and the method of publication of our records, making the data
available to the public sooner than before.
I established what we call the benchmark-gaging network (Langbein 1959)
consisting of stations located on small watersheds in parks or reserves where,
hopefully, there will never be dams, diversion, or other intrusions. Such a
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network will be useful in recording natural changes in climate or hydrologic conditions. The network now consists of 50 locations and has a record of nearly
50 years.
We also made two international repositories for original data and maps of
monumented cross sections or other repeatable observations. The storage of the
records was originally in Upsala and Washington but now is in Jerusalem and
Denver. The Vigil Network is designed to prevent loss of original records by fire
or other causes.
I put into practice what I had learned from my supporters Maddock, Bryan,
Bjerknes, Rossby, Auchter, and Nolan. A contribution I made to the science and
the community was the support of the people under my supervision by providing freedom, fiscal support, encouragement, and personal example. Three of my
protkgks were elected to the National Academy of Sciences.
The papers written by our research group were centered in the Professional
Paper Series of the Survey. Within a few years, this series became one of the most
respected journals in the field of water. The papers were widely quoted and they
helped put geomorphology on the map. The contributions to science of this small
group are worthy of note. Selected examples of the range of subjects are mentioned
here:
General and theoretical geomorphology (Hack 1960; Scheidegger 1961;
Leopold & Langbein 1962,1963; Chorley 1962; Langbein & Leopold 1964;
Scheidegger & Langbein 1966), river channel patterns (Wolman & Leopold
1957, Leopold & Wolman 1957, Langbein & Leopold 1968), meanders
(Bagnold 1960, Leopold & Wolman 1960, Leopold et al. 1960, Langbein
& Leopold 1966, Leopold & Langbein 1966), river profiles and base level
(Hack 1957, Langbein 1963b, Leopold & Bull 1979, Leopold 1992), hydraulic geometry (Leopold 1953, Leopold & Maddock 1953, Wolman 1955,
Langbein 1964), estuaries (Myrick & Leopold 1962, Langbein 1963a), water
quality (Langbein 1961, Miller 1961, Langbein & Durum 1967, Emmett
1975), erosional history (Leopold & Snyder 1951, Hadley 1960, Leopold
et al. 1966), geology and bed roughness (Wolman 1954,Miller 1958, Schumm
1960), climate-past and present (Leopold 1951, 1962, 1967), water supply
(Langbein 1959), ecology and geomorphology (Hack & Goodlett 1960,Meier
et al. 1971, Trush et al. ZOOO), glacial streams (Fahnestock 1963), bedload
(Sigafoos 1964, Bagnold 1966, Leopold & Emmett 1997), and wilderness
rivers (Leopold & Skibitzke 1967, Leopold 1969).
The period 1955-1970 was a heyday for geomorphology. Not only was our
group active but also scientists in Britain, Europe, and Israel made important contributions. It also was a period when there seemed to be more trust in government
workers than seems presently to be the case. The people I worked with were dedicated, hard working, and more honest than many of the present political leaders
we see. Our Director, Dr. Nolan, gave us support and freedom that made our work
enjoyable and fulfilling. We were remarkably free of hassle from regulations and
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found our jobs fun. In our group, we enjoyed camping in the field, river work
with boats, and simple survey tools. Some us learned to fly and we had a fleet of
alrplanes borrowed from the Army that facilitated field geomorphology.
I had hoped that some of my colleagues would become engaged in two subjects
of interest to me. One was the problem of ethics that often becomes apparent because of the close association of geomorphology, hydrology, and engineering. As
these disciplines have become more important in the practical world of river control and restoration, many practitioners have turned to consulting. There emerged
instances in which the desire to please the interests of the client led to distortion of
facts bordering on dishonesty. The interaction of science with hired opinion needs
some more discussion.
The other stemed from a growing realization that the natural world, in short the
environment, is increasingly important to citizens whose recreational desires lead
to a clash between development,overuse, and health of the land. Such confrontation
puts environmentalists at a disadvantage because aesthetic values are difficult
to quantify. Most approaches presume that the only valid measure of value is
monetary, whereas dollars do not express the inherent worth of aesthetics. My
own writings are at least sampled in the chapters in our book on environmental
planning (Dunne & Leopold 1978).
For the geomorphologisttoday, the path seems to require more work, more time
to prepare proposals, and more restrictions, and there is generally less interest in
our subject. The geologic field has turned to other subjects, such as planetary
conditions, interior of Earth, and plate tectonics. Yet there are promising avenues
of research being opened by a few leaders. In the Amazon basin, Tomas Dunne
is gaining new insights into processes in very large river basins and in tropical hydrology. Field measurements by William Trush and Scott McBain (Trush
et al. 2000) are showing details never before recorded of the interaction of channels, riparian vegetation, fish, stream organisms, and streamflow during different
years and different seasons. In the field of alluvial chronology and its relation to
climate, the work of James C. Knox (Knox 1996) is outstanding. Victor Baker
(Gregory et al. 1995) developed the methods and applications of paleoflood hydrology, and with Kenneth J. Gregory, expanded it to include worldwide examples.
Baker and Robert P. Sharp have been among the leaders in planetary geomorphology (Baker 1983). Applying geomorphic knowledge to river restoration is the
personal province of David L. Rosgen (Rosgen 1994), who also has made consistent and extensive measurements of flows and sediment in the field, a notable
contribution.
Clearly, geomorphologyhas outgrown its early roots as a descriptive science and
has become increasingly quantitative. Unfortunately, the networks of measurement
data taken by government agencieshave been radically reduced in scope and in size,
so workers are increasingly finding new methods of observation and application.
The principles of the science are being applied to many practical problems, such
as construction of sediment budgets, cumulative impact of developments of all
kinds, river restoration, and the health of streams and their fish and aquatic stream
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organisms. They are slowly being applied to land management and, hopefully, to
policy in dealing with rivers impacted by dams or diversions.
The most engaging and interesting intellectual work on geomorphic forms such
as river channels has not come from computer specialists and theoretical models
but from field measurements and observations. One of the difficulties with the
application of modeling and statistical techniques to practical problems involving
geomorphic and hydrologic principles is that they usually add no new data or field
measurements.
Other major problems are still for the future. To name just a few: the shapes of
hills in various climates, the reactions of landscapes to human alteration, various
impacts of climatic change on Earth forms, and evaluation of aesthetic aspects of
landscape that heretofore have been neglected by concentrating on fiscal values.
Even though geomorphology is merely a sliver off the corpus of science, it has
both intellectual and practical value. As population increases and the pressure on
Earth resources grows, the competition for water, timber, open space, fuels, and
environmental desires will bring a need for more knowledge and more data on the
processes and the factors in geomorphology. Its importance to both science and to
daily life can only increase.
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