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 The October 2003 publication by the National Research Council (NRC) entitled Critical 
Issues in Weather Modification Research was the first review of weather modification research 
and operations by the NRC in thirty years.  Since that time a number of federally funded research 
activities were accomplished through programs administered by the U.S. Bureau of Reclamation 
(USBR) and the National Oceanic and Atmospheric Administration (NOAA), though progress 
was limited because funding was sporadic.  In recent years, however, while operational cloud 
seeding programs have expanded at a rapid rate, research, specifically federally funded research, 
has lagged.  Most recently, operational spending for cloud seeding operations by states, counties, 
municipalities, and private organizations has exceeded federal research funding by a 20 to 1 ratio. 
 

The North American Interstate Weather Modification Council (NAIWMC), an 
organization of state weather modification regulatory entities, program sponsors, and research 
institutions, has for years supported the concept of federal research funding in conjunction with 
operational seeding programs.  It is for this reason that the NAIWMC concurs with the NRC 
recommendation for a “coordinated national program…to conduct a sustained research effort 
in the areas of cloud and precipitation microphysics, cloud dynamics, cloud modeling, and 
cloud seeding…”.  While previous research yielded significant progress in a number of areas, 
including cloud physics, numerical modeling and seeding agent development to name a few, 
uncertainties still remain in the physical understanding of weather modification.  Substantive 
advances in meteorological instrumentation and numerical modeling have put the scientific 
community in the best position yet to increase our understanding, demonstrate the efficacy, and 
advance the capability of weather modification.  The NRC report accurately describes the 
resources now available to help achieve these objectives. 

 
Though we agree with the NRC in calling for additional research, we take issue with the 

NRC's conclusions in two key areas.  First, in its Conclusions and Recommendations, the NRC 
repeats a statement made in the first NRC report in 1964:  “We (NRC) conclude that the initiation 
of large-scale operational weather modification programs would be premature.  Many 



fundamental problems must be answered first.”  The NAIWMC maintains that many fundamental 
issues have been substantively addressed since 1964.  Fast-acting, efficient seeding agents have 
been developed, convective cloud transport and dispersion processes have been quantified, 
chemical tracer analysis of orographic programs has shown strong cause and effect, and 
innovative evaluation procedures have been developed and utilized.  Though weather 
modification may not stand up to the kind of rigorous, even unreasonable, standards of scientific 
proof advocated by the NRC, many pragmatic organizations and institutions have recognized 
weather modification as a viable water and/or risk management tool.  The American Society of 
Civil Engineers has published rigorously reviewed guidelines and standards and practice 
procedures for precipitation enhancement and hail suppression (ASCE Manual No. 81; 
EWRI/ASCE 39-03 and 42-04).  A third document on fog dispersal is nearing publication.  The 
Canadian insurance industry is the sole sponsor of a cloud seeding program in Alberta, 
specifically designed to suppress hail and thereby mitigate property loss.   

 
We believe the NRC report attempts to hold weather modification to a higher standard of 

proof than is applied to other technologies.  Many aspects of the disciplines of meteorology and 
climatology would likewise fail the test of scientific proof advocated by NRC.  Weather 
forecasting cannot meet the statistical and reproducible standards imposed on weather 
modification, yet attempts to forecast weather in advance must be maintained despite the 
imperfections of the science.  We believe the NRC suggestion of a moratorium on cloud seeding 
operations is not only unrealistic, it ignores the avalanche of evidence pointing to its benefits.   
Moreover, the ravages of chronic drought and the persistent lack of fresh water to promote 
economic growth and development in the semi-arid western U. S. are compelling arguments for 
sustaining, even accelerating, the development of atmospheric water resources. 

 
The assertion by the NRC that future efforts concentrate on basic research to the neglect 

of application of new technologies until “understanding” is achieved is untenable.  This notion 
again largely ignores the needs of the current operational community and the immediate benefits 
applied research could offer.  Some basic research may be necessary, but we believe future 
weather modification research would yield greater success through a synergistic approach with 
operational programs.  On this point the NRC seems to agree, since its final recommendation is 
that efforts “Capitalize on existing field facilities and developing partnerships among research 
groups and select operational programs.”   We suggest that a future research program be 
fashioned along the lines of the prior NOAA Atmospheric Modification Program (AMP), a 
federal/state partnership that would couple federal resources with operational programs in a direct 
effort to improve the efficacy of weather modification operations.   

 
In conclusion, the NRC is correct in stating that “weather modification should be viewed 

as a fundamental and legitimate element of atmospheric and environmental science”.  
Research has shown increasing evidence that we may be inadvertently affecting our weather and 
climate through a variety of means.  It seems reasonable that if we can affect negative changes to 
weather by inadvertent means, we also have the potential to produce positive changes by 
intentional means.  The growing worldwide need for fresh water and protection from drought and 
hail damage warrants our best efforts to use the technologies now available while working 
diligently to refine and improve them.  The time has come for a concerted national effort to take 
our present weather modification capabilities to the next level. 

 
 



 
 

Inadvertent Weather Modification – The Flip-Side of the Same Coin 
 

For years scientists have considered the potential impacts of humans on their 
environment.  Some of these impacts, such as global warming and the polar ozone hole, 
have recently come to the forefront of public consciousness.  Now another is gaining 
attention and could already be having profound, adverse impacts on precipitation around 
the world. 

 
Recently published research has strongly indicated that pollution, primarily very 

fine particulate matter, is producing a negative impact on natural precipitation.  It is 
hypothesized that these small particles are reducing the precipitation efficiency of clouds 
by distributing cloud water over too many small, uniformly-sized droplets (or ice 
crystals) thereby making them unable to grow to sufficient size to precipitate.  Givati and 
Rosenfeld (2004) have suggested that large-scale pollution is having a negative effect on 
precipitation on the upwind side of mountain barriers in California and Israel.  They 
surmise that the primary culprit is the combustion of diesel fuel, which produces 
tremendous numbers of sub-micron sized particulates, leading to precipitation 
inefficiencies when ingested into clouds and cloud systems.  Their estimate of annual 
precipitation loss due to pollution in these areas is 15 to 25 percent!  A study of the 
mountainous areas downwind of the Salt Lake City/Provo metro-plex by Griffith et. al 
(2005) found similar downward trends in precipitation over time. 

 
It is not only diesel combustion that may be impacting precipitation, however.  

Biomass burning and other forms of urban and industrial pollution have also been shown 
to cause similar effects on clouds, reducing their ability to produce precipitation 
efficiently.  Evaluations of satellite data suggest pollution can completely shut off 
precipitation from clouds with relatively warm cloud-top temperatures (Rosenfeld and 
Woodley, 2003). The research suggests that areas downwind of urban centers are 
susceptible to these effects, as well as any area where persistent biomass burning occurs. 

 
More recent research from the Israeli weather modification program indicates that 

cloud seeding has been able to counteract the effects of pollution on precipitation.  Givati 
and Rosenfeld (2005) found that without cloud seeding, the already downward trend in 
precipitation downwind of urban areas in Israel would have been reduced an additional 
12 to 14 percent. 



 
With so many regions around the globe becoming more susceptible to water 

shortages and drought, these preliminary findings are ominous.  Additional research 
would improve our understanding and quantification of this problem and perhaps 
elucidate technologies to mitigate, or even reverse their effects.   

 
An obvious tie exists here with the field of planned weather modification, where 

technologies have been developed over the last half-century for the purpose of enhancing 
precipitation, by acting on clouds in the exact opposite way pollution does.  Further 
research in both areas would be mutually beneficial and serve as a catalyst for 
addressing a significant and growing water-resource problem worldwide. 
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The Long Consensus On Climate Change 
By Naomi Oreskes 
Thursday, February 1, 2007; Page A15 

With the release of the new report by the Intergovernmental Panel on Climate Change tomorrow, 
the fourth since the organization's founding in 1988, many will be looking for what's new. How 
have estimates of sea-level rise changed? How soon will we achieve a doubling of carbon 
dioxide levels? 

Scientists and journalists focus on novelty, because both are largely about discovery. But from a 
policy perspective, what matters is not what's new but what's old. What matters are not the 
details that may have shifted since the last report, or that may shift again in the next one, but that 
the broad framework is established beyond a reasonable doubt. Although few people realize it, 
this framework has been in place for nearly half a century, and scientists have been trying to alert 
us to its importance for almost that long. 

Scientific research on carbon dioxide and climate dates to the 19th century, when Irish scientist 
John Tyndall established that CO2is a greenhouse gas -- meaning that it traps heat and keeps it 
from escaping to outer space. In the 19th century, this was understood as a fact about our planet, 
one that made it hospitable to life, but did not have any political implications. 

That began to change in the early 20th century, when Swedish geochemist Svante Arrhenius 
deduced from Tyndall's work that CO2released to the atmosphere by burning fossil fuels could 
alter Earth's climate. By the 1930s British engineer Guy Callendar had compiled empirical 
evidence that this effect was already discernible. 

Callendar's concern was pursued in the 1950s by numerous American scientists, including 
oceanographer Roger Revelle, a one-time commander in the U.S. Navy Hydrographic Office, 
who helped his colleague Charles David Keeling find funds to implement a systematic 
monitoring program. By the 1960s, Keeling's assiduous measurements at Mauna Loa 
Observatory in Hawaii demonstrated conclusively that atmospheric carbon dioxide was, indeed, 
steadily rising. (For this work, President Bush awarded Keeling the National Medal of Science in 
2002.) Although these scientists may not be household names, they are well known in the 
scientific community. However, even most scientists don't know that they -- and others -- have 
been communicating concerns about global warming to presidents of both parties since the 
1960s. 

One early warning that we "will modify the heat balance of the atmosphere to such an extent that 
marked changes in climate . . . could occur" came in 1965 from the Environmental Pollution 
Board of the President's Science Advisory Committee. While the Bush administration has been 
loath to accept this reality, an earlier administration accepted it as a statement of scientific fact. 



In a special message to Congress in February 1965, President Lyndon B. Johnson noted: "This 
generation has altered the composition of the atmosphere on a global scale through . . . a steady 
increase in carbon dioxide from the burning of fossil fuels." 

A second warning came in 1966 from the U.S. National Academy of Sciences Panel on Weather 
and Climate Modification, headed by geophysicist Gordon MacDonald, who later served on 
President Richard Nixon's Council on Environmental Quality. While examining the question of 
deliberate weather modification, MacDonald's committee concluded that increased carbon 
dioxide might also lead to "inadvertent weather modification." 

In 1974, in the wake of the Arab oil embargo, Alvin Weinberg, director of the Oak Ridge 
National Laboratory, realized that climatological impacts might limit oil production before 
geology did. In 1978, Robert M. White, the first administrator of the National Oceanic and 
Atmospheric Administration and later president of the National Academy of Engineering, put it 
this way: 

"We now understand that industrial wastes, such as carbon dioxide released during the burning 
of fossil fuels, can have consequences for climate that pose a considerable threat to future 
society." 

In 1979 the subject was addressed by the JASON Committee, the reclusive group of scientists 
with high-level security clearances who gather annually to advise the U.S. government; its 
members have included some of the most brilliant scientists of our era. 

The JASON scientists predicted that atmospheric carbon dioxide might double by 2035, resulting 
in mean global temperature increases of 2 to 3 degrees Celsius and polar warming of as much as 
10 to 12 degrees. This report reached the Carter White House, where science adviser Frank Press 
asked the National Academy of Sciences for a second opinion. An academy committee, headed 
by MIT meteorologist Jule Charney, affirmed the JASON conclusion: "If carbon dioxide 
continues to increase, [we] find no reason to doubt that climate changes will result, and no reason 
to believe that these changes will be negligible." 

It was these concerns that led to the establishment of the Intergovernmental Panel on Climate 
Change and, in 1992, to the United Nations Framework Convention on Climate Change, which 
called for immediate action to reverse the trend of mounting greenhouse gas emissions. One 
early signatory was President George H.W. Bush, who called on world leaders to translate the 
written document into "concrete action to protect the planet." Three months later, the treaty was 
unanimously ratified by the Senate. 

Since then, scientists around the world have worked assiduously to flesh out the details of this 
broadly affirmed picture. Many details have been adjusted, but the basic parameters have not 
changed. Well, one thing has. In 1965, the concern that greenhouse gases would lead to global 
warming was a prediction. Today, it is an established scientific fact. 

The writer is a professor of science history at the University of California at San Diego. 


