letters to the editor

Comments on the M a r k e t i n g of Science:
Users Are a K e y — A n Example of the
V a l u e of Scientific Information
1. Introduction

staff and I were heavily dependent on external support), and in the private sector (another important
source of funds). The approaches used to "market science" varied widely, often depending on the situation.
One approach relied on economic assessments, as
used for example to market a major urban-weather experiment (Changnon 1981a), weather modification
programs (Garcia et al. 1990), and climate change
research (Changnon 1993). We also advocated programs by employing 1) integrated assessments of
complex issues (Changnon 1976; Changnon et al.
1978), 2) arguments based on the "window of opportunity" generally due scientific-technological readiness (Changnon 1980a), and 3) a totally "soft sell"
approach. This can be best described as, "you should
support this science effort because it, like good art and
music, is good for you" (e.g., faith). We have found
that a highly useful corollary argument included citing the amazing amount of serendipity in science.
This is a well-known phenomena and an impressive
one with many users (nonatmospheric types) who
can easily understand and appreciate serendipity in
science.
The purpose of my comments is twofold: 1) to expand on certain views of Pielke and Glantz and 2) to
respond to their call for value information. A case illustrating the enormous value of atmospheric science
knowledge and one with particular relevance to the
global climate change program is offered.

The value of weather information has always been
a key issue in defending and gaining support for atmospheric science programs and facilities. Today, we
are faced with a national attitude that questions science and asks for proof of its societal benefits, debates
how much support is needed for applied and fundamental scientific research, and asks that support for
science should be justified (Mikulski 1994). For example, the value of accurate and adequate information about climate change is a key issue being
discussed in Washington as agencies work to defend
the budget ($2.16 billion in fiscal year 1996) for global change (Wakefield 1996).
A recent article in the Bulletin of the American
Meteorological Society offered excellent suggestions
about how to effectively market large atmospheric
science programs (Pielke and Glantz 1995). They
conclude that scientists and science managers generally have not presented adequate and continuing evidence in support of major programs. Pielke and Glantz
call for attention, including illustrations, to the value
of scientific research to help gain and sustain support.
Consideration of their suggestions led me to reflect
on lessons I have learned about marketing science
programs and projects.
2. Comments on marketing science:
For 40 years my associates and I have been inUsers are a k e y
volved in selling (and protecting) atmospheric science
Pielke and Glantz (PG) claim inadequate marketprojects and programs. These endeavors have included extensive activities at the state level (since I ing of science programs is prevalent and that the prowas head of an atmospheric research group and in- cess of marketing of science has received little
stitution for 19 years), at the federal level (since my scrutiny and attention. I agree. Since our staff has been
involved in advancing the three programs PG analyzed (weather modification, global climate change,
and the weather research program), I reexamined what
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happened, what my agency tried to do, and why. In
the lexicon of PG, my comments address the "principles of procedure" and are directed at two areas PG
assess as inadequately done in all three programs:
cultivating users and establishing usability of the results (two criteria that I see as linked).
We have found that a pivotal issue in successfully
marketing a program (or a project) involved engaging users and the scientific participants well in advance, during, and after a program. Experience has
shown that to achieve broad-based support for atmospheric programs, meaningful user interactions must
occur at three levels: state, private sector, and federal.
For example, interactions with users at all three levels were integral in the marketing of major programs
we helped develop, such as METROMEX (Changnon
et al. 1981), the Atmospheric Modification Program
(Changnon 1980b), and the Regional Climate Centers
Program (Wendland et al. 1985).
Particular advantages are gained by having support
for new (and continuing) programs at all three of these
levels. For example, Illinois has a statewide automated weather-measuring network and a program in
applied climatology because we convinced weathersensitive users in 1) private companies operating in
Illinois and 2) Illinois state agencies of the applications and benefits of the resulting data and available
expertise. Our scientific credibility at the state level
provided a solid foundation of support for marketing
national programs like METROMEX at numerous
federal agencies, in Congress, and at the Office of
Management and Budget.
Users become science supporters through delivery
of information and services they deem valuable
("sales"). To ensure delivery of desirable and usable
atmospheric products (generally information), we
have conducted extensive assessments of user needs.
For example, we assessed users and their needs in
U.S. agribusiness (Lamb et al. 1984), hydrology engineering (Changnon 1981a), crop insurance
(Changnon and Fosse 1981), and the power industry
(Changnon et al. 1995). As an integral part of the
marketing/sales follow-up, we also directed information to user groups, such as urban planners
(Changnon 1979), civil engineers (Huff 1967, 1976;
Changnon 1981b, 1990), agribusiness (Hollinger
1989; Changnon 1992), insurance industry (Changnon
1967, 1994), investors (Changnon 1989a), state officials (Changnon 1982; Changnon and Lamb 1990),
and lawyers (Changnon 1978), through the publications they read. Another key constituency to reach are
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federal science program managers through the journals they read. For example, the value of the regional
climate centers has been demonstrated in scientific articles about the centers' value in serving national interests (Changnon et al. 1990), in addressing the 1988
drought (Kunkel and Angel 1989), in assessing the
Midwestern flood of 1993 (Kunkel 1994; Changnon
1996a), and in analyzing the Chicago heat wave of
1995 (Changnon et al. 1996).
Efforts to work closely with the weather insurance
industry and U.S. agribusiness (obvious major users
of weather-climate information) not only brought
to the Illinois State Water Survey considerable funding for weather research and facilities, but a strong
constituency. Through delivery of meaningful information and follow-through endeavors, we established
our credibility and earned their trust. Private sector
users were better able to understand proposed atmospheric programs and generally helped us market programs and other endeavors at state and/or federal
levels. Sometimes their support was to obtain funding; sometimes for seeking legislation like the Illinois
Weather Modification Control Act (Ackermann et al.
1973) and establishing a state task force for global
climate change (Changnon 1995a), sometimes to
protect endangered federal programs (Changnon
1996b), and sometimes to seek revisions in federal
legislation like the National Climate Program
(Changnon 1977).
Efforts to influence and obtain federally supported
atmospheric programs have required 1) networking
with interested science leaders of other institutions
(partners), 2) working with state government leaders,
and 3) interacting with private sector leaders, in individual firms and various professional associations.
The latter two were a constituency who could and
would speak to influence federal programs or issues.
Groups of scientists acting in concert behind a programmatic plan formed another type of constituency
able to affect federal science policy. Leaders of scientific groups and institutions must work together in
planning, marketing, and sustaining interest in programs, as PG recommended.
Finally, in all marketing cases that met with success, we found it necessary to demonstrate, in some
form meaningful to the user, the potential economic,
policy, and/or environmental benefits apt to occur, or
usability as PG state. We often relied on our personalinstitutional credibility as an integral factor behind our
claims of the worth of proposed efforts; for example,
"trust me, I work for a good government agency."
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3. A case study of the value of
atmospheric research

The other objective of this commentary is to respond to PG's general call for information that demonstrates past, present, or potential applications (and
value) of atmospheric science endeavors in the state,
federal, and private sector communities, as well as the
atmospheric sciences community. The case study
herein is offered because it is an excellent post hoc
illustration of the enormous problems created when
inadequate data and scientific misunderstanding prevail, and also of the need to have science and users of
the scientific results working together.
a. The Chicago diversion controversy
A recently completed study of a 30-yr series of
neverending controversies involving 14 states, the
U.S. government, and the Canadian government contained a very important message: the lack of scientific data and understanding of the elements and their
values within a large basin's hydrologic cycle was a
key factor behind this huge controversy (Changnon
and Glantz 1994). This case, which involved the diversion of water from the Great Lakes at Chicago,
went to the U.S. Supreme Court four times, was addressed at several special presidential conferences,
was debated endlessly in Congress, was assessed and
debated by U.S -Canadian groups, and was continually assailed by major economic interests. The story
is about one of the nation's great water wars, and it
illustrates a major lesson about the value of scientific
information that refutes Thomas Gray's (1742) famous statement, "Ignorance is bliss."
An expensive ($33 million in 1892 dollars) system
of canals and locks at Chicago's entry into Lake
Michigan was built between 1892 and 1899 to divert
substantial amounts of lake water away from the city
to dilute and remove its sewage. Construction was
done with federal permission, but shortly after the
system opened in 1900, a variety of controversies developed between the Sanitary District of Chicago
(SDC), which built and operated the system, and the
federal government. Chicago diverted water according to an 1890 Illinois law requiring them to sustain a
safe "dilution ratio" for sewage, and the rapidly growing urban population required more water than the
1900 federal limit allowed for diversion (118 m s ).
Initially, the debates between the federal government
and Illinois concerned the effects of the diversion-induced water currents on navigation in the Chicago
3
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River, which served as the initial segment of the 48km conduit of the diverted water. Controversies
quickly shifted to federal concern over the amount
diverted and its effect on lake levels.
It is important to realize that in 1900 the factors
affecting lake levels had been correctly identified as
including weather conditions, diversions, and changes
in the outflow-inflow channels, but the relative magnitudes of their influences on lake levels were unknown. As a consequence, scientific, technical, and
political debates raged from 1900 (when the diversion began) until the late 1920s over "who or what
was guilty of changing the lake levels, and by how
much?"
In 1896, engineers assigned to a federal commission established to assess the effects of the proposed
Chicago diversion estimated that the diversion from
the lakes would lower lake levels by 15 cm (O'Hanly
1896). In 1899, the head of the U.S. Weather Bureau
countered by stating "the diversion (at Chicago) would
have no appreciable effect on lake levels" (Abbe
1899). The point is that at the turn of the century, and
for the next 25 years, a definitive understanding of the
relationship between meteorological and hydrologic
conditions was lacking.
The Illinois versus federal government debates
grew in intensity during 1901-07, and President
Theodore Roosevelt convened a meeting in 1907 of
all parties to resolve the differences. Resolution did
not occur in a tense arena of state rights versus expanding federal preeminence, and the two sides went
to court. During this same period, Chicago pressed to
build a second major water intake from the lake.
Surprisingly, the federal government agreed to the
construction of the proposed major (northside) diversion canal in 1907 and then agreed in 1909 to allow
Chicago to build a third major (southside) diversion
canal and controlling works (Neil and Dalton 1980).
The evergrowing amount of water diverted (well
above the 1900 federal limit) and the escalating debates brought Canada into the fray through the International Waterways Commission (IWC) established
in 1904 and the Boundary Waters Treaty of 1909, both
binational activities. Canada feared the drawdown of
lake waters caused by the Chicago diversion, and
Illinois countered with the point of view that Lake
Michigan was a "U.S. lake" and therefore not subject
to international supervision. The IWC report in 1907
estimated that the diversion had lowered the lakes by
as much as 30 cm and that lake levels had fallen nearly
40 cm since 1895 (Changnon and Glantz 1994).
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From the late 1890s to 1915, several hydropower
plants were built along the Niagara River outlet of the
Great Lakes. No power had been generated before
1895, but 0.7 GW were being generated at these plants
by 1915, and influential power interests wanted every drop of water to exit the lakes through their generators (Miller 1994). Lake shippers and haulers of
iron ore and coal were another powerful economic
force deeply concerned about lowering of lake waters
for any reason: low lake levels meant smaller loads
due to limited depths of connecting channels and harbors around the Great Lakes. Tonnage shipped on the
lakes grew from 30 million tons in 1895 to 106 million tons by 1915 (Miller 1994). Maintaining navigation was (and is) a primary responsibility of federal
government (Tarlock 1994).
A prolonged dry period lasting from 1896 to the
1930s occurred in the Great Lakes Basin, and lake
levels began a prolonged period of decrease. Lake
Michigan's level was 177 m in 1896 and it fell as follows: to 176.7 m in 1905, 176.4mby 1910, to 176.2 m
in 1915, 175.9 m in 1920, and reached a record low
of 175.7 m in 1925. This prolonged period of dryness
and falling lake levels occurred as the debates over the
diversion at Chicago grew in intensity and costs to all
parties. Moreover, the wettest period on record, 187585, had occurred just before this prolonged decline,
making the low levels appear especially anomalous.
The economic pressures of lake shipping and hydropower, falling lake levels, and deepening regional
concerns over Chicago's continuing disregard for the
diversion limit brought Wisconsin and other states
around the Great Lakes to join the federal government
in 1913 in a major suit against Illinois (Tarlock 1994).
The suit called for halting the diversion because it hurt
navigation, but the U.S. Supreme Court upheld the diversion, directing Chicago to follow the federal limit.
However, Chicago continued to exceed the diversion
limit by ever greater amounts during the 1914-21
period (in accordance with the state dilution law), and
the lake levels continued to fall. After the third large
diversion canal was opened at Chicago in 1922,
Wisconsin and the other lake states again brought suit
in the U.S. Supreme Court to restrain the Chicago diversion. Testimony of the opposing states claimed that
the 1.3-m drop in lake levels since 1900 were partly
climate related but largely due to the diversion, and
Chicago argued that it was due to "other factors."
The point is, widely accepted scientific understanding of the changing hydrologic conditions was lacking. An insightful view of the continuing uncertainty
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about the factors affecting the lake levels is revealed
in a 1924 newspaper editorial about the Great Lake
controversies: "That there are periodic wet and dry
cycles is now generally admitted. The present claim
that the Chicago Canal is alone responsible for the
lowering of the lakes would therefore require more
scientific substantiation than has yet been provided"
(New York Times 1924). Hearings, testimony, and
intensive debates persisted from 1922 to 1928. The
resolution of the controversies being heard in the Supreme Court finally came when a definitive scientific
analyses of the hydrologic cycle was completed in
1926 (Horton and Grunsky 1927), then reviewed and
accepted by all parties including Special Master
Charles Evans Hughes, who heard the case for the
Supreme Court during 1926-29. The court issues its
final decree in 1930, one that forced Chicago to reduce the diversion in stepwise fashion from 285 m s
in 1930 to 42 m s" by 1939.
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b. Hydroclimatological understanding
How variations in climate conditions affect levels of the Great Lakes is well understood today.
Precipitation is the major natural controlling factor,
although evaporation rates driven by wind and temperature are also important (Quinn 1981). Typically,
precipitation amounts integrated over the preceding
18-36 months account for the level of Lakes
Michigan and Huron. High and low lake levels are
typically delayed by 1-3 years following precipitation highs and lows. Sophisticated statistical research
that defined the temporal lags between precipitation
and lake levels occurred in the 1950s (Brunk 1959).
The first widely accepted explanation of the values of each component in the basin's hydrologic cycle,
including those modified by man-made changes in the
Great Lakes, emerged in 1926 (Horton and Grunsky
1927). Ironically, the catalyst for gaining an improved
understanding of the basin's hydrology was the
diversion-induced controversies that led to investigations beginning in 1922 by the leading scientific and
engineering experts of that era, including the famed
hydrologist, R. Horton. Horton and his associates were
commissioned by Chicago and the court to conduct
an "extensive analyses of the hydrologic system of the
For various reasons, Chicago continued efforts to get the diversion increased during the 1930s, 1940s, 1950s, and 1960s, at a time
the lake levels were higher during a wetter regime. Each attempt
brought forth controversies between Illinois and the lake states,
and several ended in the U.S. Supreme Court for resolution.
1
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Great Lakes" (Cain 1978). This action integrated the
scientific research with the users.
This improved understanding of the hydrologic
cycle only became possible during the 1920s as a result of the collection of sufficient runoff and climate
data to perform definitive analyses of the relationships. Quality basinwide precipitation and temperature records began at a few weather stations in the
1860s, but many more weather stations were added
during the last half of that century. Streamflow measurements were made on a few basin streams beginning in 1902, but many more stream-gauge stations
were added from 1914 to 1920, and flows from half
the Great Lakes Basin were being measured by 1925.
Thus, by the early 1920s there was sufficient streamgauge data to calculate reasonably accurate estimates
of the runoff into the lakes as well as to have good
estimates of basin precipitation from the existing
weather station network.
Horton and Grunsky's hydroclimatic analysis identified and quantified the influences on the levels of
Lake Michigan as follows: 1) precipitation and evaporation, 2) runoff from the land areas, 3) changes in the
inflow to Lakes Michigan and Huron from Lake
Superior, and 4) changes in the outflow of Lakes
Michigan and Huron due to changes in the rivers and
channels in the Detroit area, the outlet to Lake Erie.
The last two series of man-made alterations came at
the time when the lake levels were falling and when
the debates were raging over the diversion at Chicago.
Horton and Grunsky (1927) showed that during the
1895-1925 period the level of Lakes Michigan and
Huron had fallen 123 cm, and that the causes (and
their amount of lowering) were 1) changes in the outlet
at Detroit (25 cm), 2) Chicago diversion (15 cm),
3) altered inlet from Lake Superior (38 cm), and 4) decreased precipitation (50 cm). The diversion at
Chicago had caused only 12% of the total reduction
in lake levels. Horton's study was the first to thoroughly address evapotranspiration, the first to establish that overlake precipitation differed from shore
precipitation, and the first to prove that sizable landuse changes (e.g., the regional deforestation to farming) across the basin during the 1850-1900 period had
increased runoff into the lake equivalent to a 12-cm
rise in lake levels, countering Day (1926) who claimed
there was no change in runoff due to land-use shifts.
Horton and Grunsky's definitive studies of the lake's
hydrologic cycle were the first studies widely accepted
by everyone involved in the controversies, likely because they involved the users in the need for the enBulletin of the American
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deavor and its results. The comprehensive studies also
marked the start of a new era in hydrometeorology
(Changnon 1995b).
5. S u m m a r y

In general, opponents to the Chicago diversion
during the 1900-29 period blamed the continuing fall
of the levels of all the Great Lakes on the Chicago
diversion. On the other hand, defenders of the diversion, largely Illinois interests, countered by asserting
that weather and other factors caused the persistent
low lake levels. The effect on lake levels of changes
in the outflows from Lake Superior, Lakes Michigan
and Huron, and Lake Erie were poorly understood until Horton and Grunsky's definitive study was done
in 1926. Their work was commissioned by the
Chicago Sanitary District and the court, matching the
users with the science. The resulting scientific findings convinced the U.S. Supreme Court and both sides
of the debate.
This case of 30-yr diversion controversies, and the
lack of adequate scientific information to understand
the relationship of the diversion to the hydrologic system of the Great Lakes, teaches a major lesson about
the value of atmospheric data and information generated from that data. National and international controversies over natural resources can occur if we do
not possess the scientific knowledge to understand the
complexities of weather and climate and their interactions and the physical system.
Hopefully the point made here is that funding decision makers and scientists should realize that most
of science's value depends on "earned trust" based on
effectively integrating the user communities in the
scientific process. This close involvement of user
groups is particularly important since demonstrating
tangible benefits from economic analyses of the value
of the informational products to be generated cannot
be done in many cases relating to data collection and
fundamental research. The bottom line is that the collection of comprehensive data on how the world
works, and the ensuing scientific analysis of these
data, has had, and will continue to have, profound effects on whether society can survive and sustain itself. Ignorance is not bliss.
A postscript about the diversion
Since 1980 there have been wide swings in the levels of the Great Lakes, with record high levels in the
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mid-1980s causing huge shoreline losses, and federal
proposals to increase the diversion at Chicago to lower
the lakes were offered but sharply attacked by Illinois
(Changnon 1987). Two years later, the severe 1988
drought brought requests from Illinois and states along
the Mississippi River to increase the diversion to help
river flows, and this created controversy involving the
lake states and Canada against Illinois and down-river
states (Changnon 1989b). Thus, the Chicago diversion
remains a controversial issue for many reasons (Injerd
1993), and in 1996 several lake states are claiming that
Illinois has been exceeding its diversion allotment for
several years and a new controversy is brewing. Will the
U.S. Supreme Court be the next stop? What new scientific findings will appear to help resolve this and other
debates? The advent of global climate change, which
is expected to create drier conditions in the basin,
would greatly decrease lake levels (Hartmann 1988),
and this would certainly create environmental debate
over the diversion of lake waters at Chicago and elsewhere (Changnon and Glantz 1994). Hopefully, the
GEWEX Continental-Scale International Project
(GCIP), which is using the Mississippi River Basin
as a site for developing models of the processes in the
hydrologic and energy cycles (Scientific Steering
Group for GEWEX 1989), will provide much needed
information for addressing such conflict-ridden future
situations, with or without a change in climate.
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WORKS
HENRY
STOMM

VOLUMES 1

EDITED BY
NELSON G. HOGG
AND RUI XIN HUANG
There are few facets of modern physical oceanography that have not benefited from the influence of Henry Stommel. His creative zeal
knew little bound as his interests developed from regional issues such as the circulation in estuaries and convection in atmospheres
and ponds to the large-scale general ocean circulation that carried the stamp of his ideas for more than 40 years. Gathered together
in this three-volume set is virtually all of his published work, along with a selected sampling of some of his unofficial publications.
The three volumes combined contain over 1900 pages and cost only $95 for members, $160 for nonmembers, and $50 for students,
shipping and handling included. Please send prepaid orders to: Order Department, AMS, 45 Beacon St., Boston, MA 02108-3693.
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