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Eagleson Receives the 
Stockholm Water Prize 
PAGE 568 

Peter S. Eagleson of the Massachusetts In
stitute of Technology (MIT) has been 
awarded the 1997 Stockholm Water Prize. 
He received the prize from Sweden's King, 
Carl XVI Gustaf, at a ceremony in the Stock
holm City Hall on August 14,1997. 

Eagleson, a professor of civil and environ
mental engineering at MIT, is recognized as a 
world leader in hydrology. In fact, it is nowa
days impossible to think hydrology without 
his name coming to mind. He worked to es
tablish the physical principles behind all hy-
drological processes and systematically 
integrated them, making it possible to better 
understand river basin response. His text
book, Dynamic Hydrology, was a catalyst in 
the redefinition of hydrology as a rigorous 
and quantitative sc i ence . In 1970, when it 
was published, this was a bold and different 
approach; it has taken some time, but hydrol
ogy is now accepted as a key element of the 
earth sc iences . 

Eagleson has been a leader in extending 
hydrology from the local into the regional 
and global scales. On these scales, the 
budget of water is a fundamental part of the 
climate machine, and changes on these 
scales underlie much of the present concern 
about the effects of climate change on soci
ety. His studies on interactions between hy-
drological and meteorological processes are 
profound. He has shown how small-scale hy
drology influences global-scale hydrology 
and the general global circulation and how 
the general circulation influences hydrologi-
cal processes. 

Eagleson has made invaluable contribu
tions to what could be called "eco-hydrol-
ogy." With concepts from a variety of 
disciplines, he has developed a complete the
ory of soil-plant-atmosphere interactions. Us
ing these ideas he has hypothesized 
concepts of ecological climax, an optimal 
ba lance between vegetation and its environ
ment, and predicted the location and domi
nance of different vegetation types over the 
globe. 

Other valuable accomplishments, how
ever, far exceed Eagleson's personal schol
arly work. For example, he chaired the U.S. 
National Research Council Committee on Op
portunities in Hydrology; this committee has 
defined hydrologic sc i ence for years to 
come , and has produced authoritative and 
imaginative strategies going into the next cen
tury. He also has been president of the Hy
drology Section of the American 
Geophysical Union (AGU) and served as 
AGU's president from 1986 to 1988. 

For these extraordinary achievements 
Eagleson has received essentially every ma

jor recognition available to hydrologists. 
They include the 1991 International Hydro
logy Prize from the International Association 
of Hydrologic Sc iences and the 1988 Horton 
Medal from AGU. In 1994 he received the 
Bowie Medal, AGU's highest honor. He is also 
a member of the U.S. Academy of Engineers. 

The Stockholm Water Prize is an interna
tional environmental award given each year 
to an individual or organization in recogni
tion of outstanding contributions in the field 
of water conservation. The prize of $150,000 
is presented by its patron, the King of Swe
den, in connect ion with the Stockholm 
Water Festival and the Stockholm Water Sym
posium. Past winners include David Schin-
dler of the University of Alberta and Jorg 
Imberger of the University of Western Austra
lia, both AGU members. Nominations for the 
prize are due on October 31 of each year. In
formation can be obtained from the Stock
holm Water Foundation, S-106 36 Stockholm, 
Sweden. 

Following is the citation, presented by 
Malin Falkenmark, also an AGU member, dur
ing the August 14 award ceremonies. 

Cita t ion 
"Your Majesties, Your Excel lencies , La

dies and Gentlemen! 
"One month ago, many of us saw on our 

television screens the pictures of the landing 
on Planet Mars of the spaceship Pathfinder 
and its robot vehicle. A major part of this mis
sion was to find out if there is, or has been, 
water on that planet, s ince the presence of 
water would be an indication of life. 

"On our own planet, the exis tence of liq
uid water is seen as a key explanation to the 
existence of life here. The importance of 
water for both human health and socio-eco
nomic development is the rationale behind 
the Stockholm Water Prize. 

"The Stockholm Water Prize Laureates of 
previous years represent a broad spectrum of 

water-related activities: water supply and 
sanitation techniques and installations, envi
ronmental processes around water pollution, 
awareness building, and transfer of knowledge. 

"The 1997 Laureate, Professor Peter S. 
Eagleson, from the Massachusetts Institute of 
Technology in the United States is an expert 
on the water cycle and its role as a key life 
support system on Planet Earth. 

"For some reason, the s c i ence on the 
water cycle—hydrology—has had tremen
dous difficulties in being acknowledged as a 
fundamental earth s c i e n c e — a sister s c i ence 
to meteorology and geology. When I started 
my career in the 1950s and 1960s, hydrolo
gists were trained at technical universities 
and seen mainly as suppliers of statistical 
data on river flows to dam builders, river flow 
regulators, etc. 

"In the early 1970s, however, Professor 
Eagleson started to radically change this men
tal image of hydrology with studies focused 
on the water cycle itself; in other words, the 
system that circulates water evaporated from 
the sea, to the atmosphere, to the continents, 
and back to the sea. In the late 1970s he 
started to analyze the role that water plays in 
the development of global vegetation zones. 
Why was it that there was such a c lose corre
lation between the natural continental vege
tation zones and rainfall distribution? What 
was it that determined this evident coupling? 

"The outcome was a set of papers that be
c a m e "instant classics," focusing on the 
water ba lance dynamics between climate, 
vegetation, and soil. Interestingly enough, 
Professor Eagleson met difficulties in getting 
these papers published. An ecological jour
nal was his first cho ice s ince the focus was 
on terrestrial ecosystems. But the ecological 
editor did not agree; the manuscript would fit 
better in a hydrological journal. But the edi
tor of the hydrological journal c laimed that it 
was not a hydrological paper but would fit in 
an ecological journal. Anyway, in these arti
cles, Professor Eagleson raised the sc i ence of 
hydrology to a completely new level. 

"He started his studies on the regional 
sca le with his research on the interaction be
tween water, energy, and vegetation in the 
tropical savanna. We all know what the typi
cal African savanna looks like: the large 
open grassland with scattered acac i a trees. 
His hypothesis was that the savanna is com
posed of two types of vegetation: a shallow 
rooted grass vegetation, on the one hand, 
and deep-rooted trees on the other. S ince the 
grass will catch the infiltrating rain high up in 
the soil profile, the trees are left to feed on 
the little water that continues on downwards 
to deeper soil levels. This means that each 
tree, in order to get enough water, has to ex
pand its root system horizontally over a large 
enough area to be able to satisfy its own 
water requirements. 

"Professor Eagleson tested his hypothesis 
by measuring the distance between trees on 
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three different savannas: in the Jonglei re
gion in North Africa, in South Africa, and in 
California. What he found was that the dis
tance between the trees in all these different 
places fit well with his hypothesis. 

"He has also studied the cycling of water 
at the continental scale . He showed that 
clearing a track of Amazonian rainforest 
would influence the water vapor stream feed
ing the rainfall over most of South America. 
The influence region from a piece of forest in 
tropical Africa covered large parts of that con
tinent and a p iece of Europe as well. The in
fluence region of a piece of cleared rainforest 
in South-east Asia would in fact reach all the 
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National Research Council Committee on Frac
ture Characterization and Fluid Flow, Na
tional Academy Press, Washington, D.C., xvi 
+ 550 pages, 1996, $74.95. 

How can fractures that are significant hy
draulic conductors or barriers be located, 
identified, and characterized? How do flow 
and transport occur in fracture systems? How 
can changes in fracture systems be predicted 
and controlled? With a clear, well-stated fo
cus, Rock Fractures and Fluid Flow seeks to 
address these questions by combining into 
one work the interdependencies of the disci
plines needed to get at the answers. 

After perusing an impressive list of 
authors, one is pleasantly surprised to find 
more than a proceedings of individual contri
butions from recognized experts. Rather, the 
book is a unique, integrated effort that ties to
gether the relationship between individual 
fracture characteristics and processes, field-
scale fracture distributions, the measurement 
and interpretation of such systems, induced 
changes, and modeling approaches for flow 
and transport simulation in fractured sys
tems. However, these ties are better achieved 
for some processes than others just as certain 
issues are covered in substantially greater de
tail than others. A technical summary at the 
end of the book provides many of the link
ages between fracture mechanics , geophys
ics, and flow and transport processes in 
fractures. It should be read first, rather than 
last. 

For educators, practitioners, and public 
officials, Rock Fractures and Fluid Flow pro
vides a good overall picture. The authors 

way across the Pacific to most of the United 
States. 

"With these and other studies Professor 
Eagleson has made evident the critical role 
that hydrological sc iences has in the study of 
climate change. In fact the way that the 
world population will be experiencing the ef
fects of climate change is through water-re
lated events like droughts, floods, changing 
water tables, altered wetlands, sea level rise, 
and coastal inundations. 

"Overall, the seeds planted by Professor 
Eagleson in the last 25 years has now yielded 
fruit. Hydrology is now recognized as a key 
element of the earth sc iences . 

state that this is neither a literature review nor 
instruction on state-of-the-art methods. At 550 
pages, the book cannot supply comprehen
sive treatment of any single disciplinary area. 
Generally, alternative concepts and methods 
that are mentioned, if not discussed, should 
be of value to individuals evaluating their 
own approaches or those of others. In con
junction with modern literature-searching 
tools, this book will be a valuable compan
ion for researchers looking for greater depth. 

In the sections on fracture mechanics and 
properties, the text provides an intellectual 
platform for making sensible inferences and 
predictions about the nature and location of 
fractures in the subsurface. Some concepts 
are overgeneralized, however, and only 
some of the most prominent modes of fractur
ing in the most common lithologies are pro
vided. Readers with backgrounds in other 
disciplines must remember that the bibliog
raphic citations are not necessarily complete 
for joint propagation, out-of-plane rotation in 
heterogeneous material, and other specific 
topics that may be of interest. 

The chapter on fundamental processes in 
fractures highlights some very exciting theo
retical and observational studies of single 
and multiphase flow and transport in individ
ual fractures. In later chapters, however, only 
the saturated, individual fracture studies are 
linked with systems modeling approaches. 
Similarly, the hydraulic and tracer testing 
chapter provides a nice overview of field 
methods and analyses but forgoes unsatu
rated zone and multiphase reservoir proce
dures, as well as nonconservative solutes. 

In addition, geological, geophysical, and 
hydrological characteristics of individual 

"I am sure that all of you—by these few ex
amples— will understand that Professor 
Eagleson has been revolutionizing the way 
we now look at the water cycle; not as an engi
neering subdiscipline, but as the very blood
stream of the biosphere. By his truly original 
thinking, his outstanding craftsmanship, his 
visionary leadership, and full dedication, Pro
fessor Eagleson is an indisputable world 
leader in the modern sc ience of hydrology." 
—Malin Falkenmark, Stockholm, Sweden. 
—Rafael L. Bras, Department of Civil and 
Environmental Engineering, Massachusetts In
stitute of Technology, Cambridge. 

fractures and systems of fractures are 
brought together in the chapter on field-scale 
flow and transport models. The emphasis in 
this chapter on saturated zone problems 
probably reflects the distribution of papers in 
the literature. Those who are interested in un
saturated zone fracture flow and transport 
need only to watch the journals for the next 
several years to see more attention and in
sight given to this fascinating topic; a prelimi
nary indication may be found in the fall 1997 
AGU special sessions in hydrology. 

The discussion of conceptual and numeri
cal models for simulating flow and transport 
in fractures includes discrete fracture models 
as well as continuum- and stochastic contin
uum-based approaches. Whereas the dis
crete fracture model seeks to capture the 
variability of orientation and processes at the 
individual fracture scale, the stochastic con
tinuum approach seeks to capture the spatial 
variability in the actual measured conduc
tance of the rock mass. 

A clear, and perhaps reasonable, bias in 
attention falls with the description of discrete 
fracture models because this book focuses 
on the progression from individual fracture 
characterization, to fracture distributions in 
the field, to simulating flow and transport in 
the fracture network. However, toward the 
end of the discrete network modeling sec
tion, the authors point out that geometric in
formation does not form a sufficient basis for 
network model construction. One can only 
ensure that the constructed network behaves 
like the real system by conditioning the frac
ture network using hydraulic data. 

Discrete network models and continuum 
models are not presented as being mutually 
exclusive. In the assessment of discrete frac
ture models, two views concerning their util
ity are highlighted. The first is that they are 
primarily a tool for concept evaluation, use
ful for examining requirements for charac
terizing fracture networks as equivalent porous 
media. The other is that they are practical tools 
for site-specific simulations. A discussion on 
hybrid methods for building continuum ap
proximations, based on discrete network 
models, lists the various approaches that 

BOOK REVIEWS 
Rock Fractures and Fluid Flow: Contemporary 
Understanding and Applications 
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