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June 14, 2018 
 
Mr. Gary Walker, CEO 
SOAR Program 
P. O. Box 391 
Stamford, Texas 79553 
 
Re:   Application for a Texas Weather Modification (Rain-Enhancement) Permit (No. 18-3) 
 
Dear Mr. Walker: 
 
Your new 4-year Texas weather modification permit (enclosed) is issued by the Department. The 
permit is for rain-enhancement activities within the target area of the Rolling Plains Water 
Improvement Association.  The term of Permit 18-3 is June 16, 2018 through June 15, 2022.  (The 
two permits you currently hold expire on June 15 and July 6, 2018.) 
 
Please recall that your new permit remains valid for its entire 4-year duration contingent upon SOAR 
(1) maintaining a valid Texas weather-modification license, to be issued annually by TDLR; (2) 
maintaining adequate insurance coverage or be able to provide other sufficient evidence of the ability 
of SOAR to respond in damages for liability, and (3) operating in each of the years for which this 
permit (18-3) is issued. 
 
Your Texas weather modification license for fiscal year 2018 will expire on August 31, 2018 and must 
be renewed to maintain the validity of the new permit.  I will be providing a reminder, with a link to 
the license-renewal application, in early July. 
 
The Operations Plan, as previously submitted as part of your application, becomes a part of this 
permit.    
 
Remember that any changes in the list of persons involved with the on-site operation of your rain-
enhancement program should be reported to TDLR.  Please let me know if you have any questions 
about the enclosed permit. 
 
Sincerely, 
 
 
 
George W. Bomar, M. Sc.,  
State Meteorologist and 
     Weather Modification Program Specialist 
Executive Office 
 
Enclosures (7)  



 
 WMA Position Statement on The Environmental Impact of Using Silver 
Iodide As A Cloud Seeding Agent  
 
October 2018 
The Weather Modification Association (WMA) receives questions regarding the environmental 
effects of silver iodide aerosols used in cloud seeding, the most common one being silver iodide-
silver chloride. Since silver iodide is the primary component of the ice-nucleating complexes used in 
cloud seeding, these complexes will be referred to in this statement as silver iodide (AgI). The 
published scientific literature clearly shows no environmentally harmful effects arising from cloud 
seeding with silver iodide aerosols have been observed, nor would they be expected to occur. 
Based on this work, the WMA finds that silver iodide, as it is currently being dispensed during cloud 
seeding activities, is safe.  
 
Background  
Silver, and chemical compounds containing silver, are used by various industries and small portions 
of this silver are emitted into the environment as a process waste product. Industrial sources of 
silver were more numerous in the past than they are today. Notable sources include silver 
emissions from the photographic and electrochemical plating industries, urban refuse, sewage 
treatment plants, specialty metal alloy production and electrical components. In 1978 an estimated 
2,740 metric tons (metric ton = 1,000 kg) of silver were released into the U.S. environment. This led 
the U.S. Public Health Service and the Environmental Protection Agency to conduct studies 
regarding the potential for environmental and human health hazards related to silver. These 
agencies and other state agencies applied the Clean Water Act of 1977 and 1987 to establish 
regulations on this type of pollution. Standards were established for industry and laboratory 
disposal practices of drain water into sewer systems, safe silver limits in the public water supply, 
and thresholds of adverse effects of silver on the biosphere.  It is to be noted that no federal, state, 
or local regulations exist that establish acceptable levels of exposure to silver iodide, the substance 
most commonly used as a cloud seeding agent.  That is because, in natural waters, silver iodide has 
such extremely low solubility (0.984 ug/L) that it is generally considered to be insoluble and is, 
therefore, not bioavailable or toxic. 
 
Silver iodide is not typically measured in isolation in the environment; existing analytical methods 
rely upon measurements of total silver.  In one instance where the presence of silver was 
documented, in the vicinity of cloud seeding operations during 1978, the seeding was  
found to be the source of about three metric tons of silver released, as silver iodide, into the 
environment, or about 0.1 per cent of the total (Eisler 1996). Today, about the same amount of 
silver iodide is dispersed annually for cloud seeding activities in the U.S., Canada, and dozens of 
other countries, primarily to augment rainfall and snowfall or to reduce hail damage.  More 
recently, in studies conducted in the Sierra Nevada of California, total silver concentrations in snow 
from areas seeded with silver iodide were found to be typically less than 0.02 ug/L—but did reach a 
maximum of approximately 0.115 ug/L.  Most often, those concentrations in fresh water were less 
than analytical detection limits (between 0.0005 and 0.04 ug/L, depending on the method used).  
The studies concluded that total silver concentrations did not increase above background levels in 



terrestrial, stream, and lake sediments in areas where seeding occurred.   While environmental 
impact studies of silver iodide usage in seeding operations date back to the 1960s, there have been 
no documented environmental hazards associated with silver iodide and, to this point, no studies 
have identified adverse environmental impacts attributable to silver iodide used in cloud seeding 
(ASCE 2004, 2006; WMA 2005; WMO 2007).  
 
How much silver is released into the environment by cloud seeding?  
Silver iodide is most often sold by commercial chemical distributors in granular or powdery form. It 
is used in combination with various other chemicals, usually salts, and has been used for half a 
century as a glaciogenic, or ice-forming, agent in cloud seeding operations  (microscopic sized 
particles, referred to as ice nuclei, ice forming nuclei, or occasionally freezing nuclei, that spawn ice 
crystal formation). Silver Iodide is considered water insoluble (solubility constant at <10-9 g[of Ag] g-1 

[of solvent-water]; see units note), which means that if one gram of the chemical is added to one 
gram of water, roughly one billionth of that gram of silver iodide would dissolve in to the water; The 
remainder stays in the water undissolved. This property allows the silver iodide particles to 
maintain their structure prior to contact with cloud droplets that are supercooled (colder than 00C 
or 320F). Silver iodide, as used in cloud seeding, is either dissolved in a flammable solution or 
combined with other flammable solids to produce seeding flares or other devices, which are burned 
to release submicron-sized, virtually invisible, silver iodide aerosol complexes into the atmosphere. 
These complexes are plentiful in number, and they increase the probability of ice crystals forming 
when they reach cloud environments at temperatures near or colder than the AgI ice nucleation (or 
crystallization) temperature threshold (about -5°C). This is significantly warmer than the threshold 
of most naturally occurring ice-forming nuclei, which commonly have thresholds near - 15°C and 
colder.  
Only small quantities of seeding material are released from individual cloud seeding generators; 
output is typically in the range of 5-25 grams of silver iodide per hour from ground generators and 
up to a few kilograms per hour from aircraft, depending on the size of the target area (where the 
effects of cloud seeding are intended). Moreover, this is being done only during certain periods and 
when certain precipitation-producing weather systems occur. The reason that such small quantities 
can be used is that AgI dispensing systems generally produce up to 1015 (see power of 10’s note) ice 
forming nuclei per gram of AgI expended (e.g., ASCE 2004, 2006). This means small amounts of AgI 
seeding material produce very large numbers of ice nuclei that produce ice crystals, which can grow 
into snowflakes. The insolubility of AgI ensures the crystals maintain their identity (structure) and 
do not condense water inside a cloud droplet. Without this property, the crystals would not be 
effective as seeding agents.  
 
Where silver concentrations have been measured in the snowpack of cloud seeding target areas in 
the western U. S., average concentrations within the snowpack have generally ranged from 4-20 x 
10-12-12 g[of Ag] g-1 [of solvent-water], rarely exceeding 100.0 x 10-12 g g-1 (Warburton et al. 1995a,b, 
1996; McGurty 1999). In instances where warm air below cloud base allows the snow to melt 
before reaching the ground, measurements of silver concentrations in the rainwater have shown 
them to be similarly low (e.g., Sanchez et al. 1999). The Sacramento Municipal Utility District, the 
sponsor of cloud seeding since 1968, analyzed water samples within the Upper American River 
watershed and found that both dissolved and particulate silver (which would include any silver 
iodide contribution) ranged from <0.008 – 0.86 ug/L—which in all cases is below the USEPA 
secondary drinking water threshold, or 100 ug/L dissolved silver (Butler et al. 2017).  This explains, 



in part, why the California Water Plan Update concluded, from a review of silver measurements in 
water, sediment, and fish, that silver-iodide seeding of clouds should not result in any chronic effect 
on sensitive aquatic organisms (DWR 2016).  Those measurements corroborated what the U. S. 
Bureau of Reclamation determined, as early as 1977, that the environmental hazard of silver iodide 
from wintertime cloud seeding for snowpack augmentation is insignificant (Howell 1977; USBR 
1977; Harris 1981; Hunter 2007). 
 
Should we be concerned about using silver iodide in cloud seeding?  
While silver and its compounds, including silver iodide, do not pose a serious health concern to 
humans or higher forms of animal life, it is true that dissolved silver can adversely impact aquatic 
organisms, plants, and other biota—depending on which organisms are subject and in what 
ambient conditions (Kotrba 1968). Yet, laboratory conditions bear little or no resemblance to 
outdoor freshwater bodies. In such environments, the mobility of any of these silver compounds is 
essentially zero; moreover, these compounds are rapidly converted to less toxic varieties by the 
presence of other chemicals found in nature. Hence, they are not freely bio-available to the 
environment Furthermore, the insoluble nature of silver iodide used in cloud seeding precludes it 
from dissociating sufficiently, or rapidly enough, to ever achieve toxic levels. Consequently, much 
caution should be exercised before drawing conclusions about silver contamination based on 
laboratory findings.   
 
A multitude of studies, dating back to the 1960s, have addressed the risk of possible adverse 
environmental impacts of from cloud seeding programs using silver iodide. Without exception, the 
investigations concluded that ice-nucleating agents like silver iodide pose, at worst, a negligible 
hazard to plants and wildlife (Cooper & Jolly 1970; Howell 1977; Klein 1978; Dennis 1980; Harris 
1981; Todd & Howell 1985; Berg 1988; Reinking et al. 1995; Eliopoulos & Mourelatos 1998; 
Ouzounidou & Constantinidou 1999; Di Toro et al. 2001; Bianchini et al. 2002; Tsiouris et al. 2002a; 
Tsiouris et al. 2002b; Christodoulou et al. 2004; Edwards et al. 2005; Keyes et al. 2006; Williams & 
Denholm 2009). Cumulatively, the studies made use of tens of thousands of precipitation samples 
collected from cloud seeding programs over several decades, and they revealed the average 
concentration of silver in rainwater, snow and surface water samples to be typically less than 0.01 
micrograms per liter. These concentrations are considerably smaller than the threshold of 50 
micrograms of silver per liter of water established to protect the public water supply by the U.S. 
Public Health Service (e.g., Erdreich et al. 1985). Notwithstanding the fact that the concentrations 
identified by the studies represent the total amount of silver contained in the samples and are not 
specific to the form of silver present in the samples, it is obvious that silver has been barely 
detectable in any form in the tens of thousands of samples collected from cloud seeding target 
areas.  
 
Further corroboration that cloud seeding poses no environmental hazard has been provided by  
more recent investigations of over 100 Sierra Nevada lakes and rivers (e.g., Stone 1986).  Because 
many of these alpine lakes have virtually no buffering capacity, making them extremely susceptible 
to the effects of acidification and changes in trace metal chemistry, the studies were conducted as 
part of environmental monitoring efforts to determine if cloud seeding was impacting these lakes.  
Silver could not detected above natural background levels in bodies of water as well as precipitation 
and lake sediment samples taken within cloud seeding target areas, nor could researchers find any 



evidence of silver accumulation after more than fifty years of continuous seeding operations (Stone 
1995; Stone 2006). There was also no evidence of an impact on lake water chemistry, which is 
consistent with the insoluble nature and lengthy intervals required to mobilize any silver iodide 
released over these watersheds. Comparisons of silver with other naturally occurring trace metals 
measured in lake and sediment samples collected from the Mokelumne watershed in the Sierra 
Nevada have indicated that the silver was of natural origin (Stone 2006). Similarly, Sanchez et al. 
(1999), in analyzing the chemistry of water bodies and rainwater from samples collected during a 
summer cloud seeding program in Spain, determined the silver input from cloud seeding to be 
indistinguishable from natural inputs. Greek scientists, in analyzing some 2500 soil samples to study 
the effects of silver compounds on soils, plants and their physiology, atmospheric precipitation, 
plankton, animals and humans, came to similar conclusions about the lack of impact from silver 
iodide seeding. (e.g., Tsiouris et al. 2002a; Tsiouris et al. 2002b).  
 
Summary  
A plethora of scientific studies and investigations over a half-century has identified no 
environmentally harmful effects arising from cloud seeding with silver iodide aerosols. While 
research on the effects of cloud seeding have demonstrated increased precipitation from treated 
storms, no corresponding, statistically significant systematic increase, or accumulation, of total 
silver in freshwater, soil, or in stream, lake, or reservoir sediments in areas with seeding has been 
documented.  No federal, state, or local regulations exist for establishing acceptable levels of 
exposure for silver iodide, due in part to the fact that silver iodide is generally considered to be 
insoluble and is, thus, not bioavailable or toxic. 



The Water Crises Aren’t Coming—They’re Here 
For eons, the earth has had the same amount of water—no 
more, no less. What the ancient Romans used for crops 
and Nefertiti drank? It’s the same stuff we bathe with. Yet 
with more than seven billion people on the planet, experts 
now worry we’re running out of usable water. The 
symptoms are here: multiyear droughts, large-scale crop 
failures, a major city—Cape Town—on the verge of going 
dry, increasing outbreaks of violence, fears of full-scale 
water wars. The big question: How do we keep the H20 
flowing? 

BY ALEC WILKINSON  
Aug 23, 2018 
12.1k  



 
Sean Freeman  
I. All the Water There Is 
Here’s a concept: paper water. Paper water is water the government grants certain 
farmers who are drawing water from a river or a watershed in, say, California. The 
phrase describes the water the farmer, under premium conditions, is entitled to. 
Practically, however, paper water is mostly notional water, conceptual water, wish 
water, since over the years California has awarded many times as much paper water as 
there is actual water—which, to distinguish it, is quasi-legally called wet water. Some 
paper water might be made real during years of exceptional abundance, but most of it 
will forever be speculative and essentially useless, since it can’t realistically be traded, 
having no value. Paper water thus amounts to a type of hypothetical currency, backed by 
the Bank of Nowhere, Representing Nothing since 1960 (or thereabouts), when modern 
water troubles arrived in America and especially in California, where the wildly 
expanding citizenry required new state and federally managed water systems run by 
Watercrats.  
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Paper water is also a signifier of a domestic and global concern called peak water, a term 
proposed in 2010 by the hydrologist Peter Gleick in a paper he wrote with Meena 
Palaniappan that was published in Proceedings of the National Academy of Sciences. 
Gleick meant the phrase to be applied to worldwide circumstances, such as those that 
currently prevail in Cape Town, South Africa, where, as a result of a ferocious three-year 
drought, the taps might before long run dry, possibly in 2019—Day Zero, it’s been called.  

 
The Colorado Rover Delta, in Northern Mexico, photographed in 2018. Most years, 
nearly all the river’s water is diverted long before it reaches the delta. 
Ronald de Hommel  

The U. S. is also afflicted. In fact, Gleick regards California, with its relentless, outsized, 
and wildly conflicting demands on water, as a “laboratory for all of peak water’s 
concerns.” Peak water derives conceptually from peak oil, a phrase first used by a 
geophysicist named M. King Hubbert in 1956. Peak oil means that the planet has only so 
much oil, and that eventually it will grow sufficiently scarce that what remains will be 
too expensive to collect. Hubbert predicted that U. S. oil production would reach 
maximum output between 1965 and 1975, and in 1970 it did, but it has risen lately 
because of new means of recovering oil, such as fracking. Some people still believe in 



peak oil, and others think there will always be plenty of oil, because there is more we 
haven’t found yet. 

ADVERTISEMENT - CONTINUE READING BELOW 

That water was in a position similar to oil occurred to Gleick when people would ask if 
he thought that the world, with its population growing alarmingly and climate change 
causing certain places to become disastrously water-soaked (South Asia, Texas) while 
others (Cape Town, California) are water-starved, would ever use up its water. “My first 
reaction was ‘We never run out of water,’ ” Gleick says. “But there’s groundwater in 
China and India and the Middle East and in America in the Midwest and California that 
we really are using up just like oil.” 

Having evaporated from lakes and rivers and oceans and returned as snow and rain, the 
water we consume has been through innumerable uses. Dinosaurs drank it. The Caesers 
did, too. 

Water cannot be created or destroyed; it can only be damaged. When Gleick says we’ll 
never run out, he means that at some point, millions of years ago, there was all the water 
there is, a result of the law of the conservation of matter. Having evaporated from lakes 
and rivers and oceans and returned as snow and rain, the water we consume has been 
through innumerable uses. Dinosaurs drank it. The Caesars did, too. It’s been places, 
and consorted with things, that you might not care to think about. In theory, there’s 
enough freshwater in the world for everyone, but like oil or diamonds or any other 
valuable resource, it is not dispersed democratically. Brazil, Canada, Colombia, Peru, 
Indonesia, and Russia have an abundance—about 40 percent of all there is. America has 
a decent amount. India and China, meanwhile, have a third of the world’s people and 
less than a tenth of its freshwater. It is predicted that in twelve years the demand for 
water in India will be twice the amount on hand. Beijing draws water from an aquifer 
beneath the city. From being used faster than rain can replenish it, the aquifer has 
dropped several hundreds of feet in the last forty years, and in places the city is sinking 
four inches every year.  

As for the world’s stock, however, nearly all of the water on earth is salty; less than 3 
percent is fresh. Some of that is in rivers, lakes, aquifers, and reservoirs—the Great 
Lakes contain one fifth of the freshwater on the earth’s surface—and we have stored so 
much water behind dams that we have subtly affected the earth’s rotation; but two 
thirds of all the freshwater we have is frozen in the earth’s cold places as ice or 
permafrost, leaving less than 1 percent of the world’s total water for all living things. 
Much of that gets a rough ride. American ponds and streams and lakes and rivers 
contain fungicides, defoliants, solvents, insecticides, herbicides, preservatives, biological 
toxins, manufacturing compounds, blood thinners, heart medications, perfumes, skin 
lotions, antidepressants, antipsychotics, antibiotics, beta blockers, anticonvulsants, 
germs, oils, viruses, hormones, and several heavy metals. Not all of these are cleansed 
from water before we drink it.  
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There are two kinds of numbers, I believe, big ones and little ones, but here are some big 
ones by way of context: According to the World Health Organization, among the two 
billion people who have no drinking water provided to them, 844 million travel more 
than thirty minutes to a river or a tap, where they sometimes receive water 
contaminated by human excrement. Such water has the risk of diarrhea, cholera, 
dysentery, typhoid, and polio. Nearly 850,000 people die each year from diarrhea, a 
cruel circumstance in areas short on clean water, since diarrhea works its effects by 
means of dehydration. Bangladesh, India, Rwanda, and Ghana have some of the most 
tainted water.  

 
Water collectors push their cart of water filled drums laboriously homewards in Ghana. 
Getty ImagesLouise Gubb  

The simplest hardships to invoke are hunger and thirst. Only a few hours of deprivation 
will acquaint a person with both. Half a gallon of drinking water a day is what each of us 
needs to drink to stay alive. (An American uses roughly eighty to a hundred gallons a 
day, including toilets, baths and showers, dishwashers, washing machines, and so on.) 
In the dry parts of the world, or the semidry parts where there are too many people and 
no water-delivery system, the search for that daily half gallon can be dire, and 
sometimes past dire. A survey in 2015 of members of the World Economic Forum in 
Davos listed “water crises” for the first time as the world’s leading threat, ahead of 
“spread of infectious diseases” and “weapons of mass destruction.” Each year Gleick’s 
organization, the Pacific Institute, updates its Water Conflict Chronology, a compilation 
of disturbances around the world involving water. In 2017, there were more than 



seventy incidents, dozens of them deadly, mainly in the Middle East and Africa. In 1997, 
there were only three. 
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II. Haves and Have-nots 
Stationarity, a term from statistics, applies to contexts in which the past predicts the 
future. When water experts say that we are “outside stationarity,” they mean that the 
slaphappy way that the world uses water has brought about so many unexampled 
circumstances, so many overburdened systems and areas of deprivation and depletion, 
that we cannot know how matters will unfold. Sometimes water specialists say that the 
earth is experiencing water stress. The Nile, the Rio Grande, the Yellow River in China, 
the Indus in Asia, and the Colorado (which sustains the American Southwest from 
Phoenix to Las Vegas to San Diego) are tapped out. The Ganges flows, but it’s 
unspeakably filthy. 

With water, there are “distinct classes of water haves and have-nots,” according to Jay 
Famiglietti, who is the senior water scientist at the NASA Jet Propulsion Laboratory at 
the California Institute of Technology. (Earth science is part of NASA’s charter.) “The 
wet areas of the world are the high latitudes and the tropics, and the areas in between 
are getting drier,” he says. The supercharged hurricanes and typhoons that have 
resulted from global warming move water around within the regions that already have 
water but do nothing for the parched places. America has hot spots, too. California had 
its own Zero Day not long ago when, in Tulare County in the Central Valley, an area of 
corporate farms, something like a thousand wells went dry in towns such as East 
Porterville, meaning that more than seven thousand people found themselves occupying 
houses where you would turn on a tap and nothing came out. The water table has been 
diverted by means of deep wells and irrigation systems serving the sprawling farms. The 
county began delivering bottled drinking water, and there were free public showers. 
Water to flush toilets and do laundry came from tanks parked at the fire station. People 
filled barrels and hauled them home. 
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Neighbors distribute drinking water, talk about water issues as water wells supplying 
hundreds of residents remained dry in the fourth year of worsening drought on 
February 11, 2015 in East Porterville, California. 
Getty ImagesDavid McNew  

A quarter of all the food grown in America comes from the Central Valley—oranges and 
grapes are raised in Tulare, along with dairy cows and cattle—so having it go even 
partially dry is not a small concern. “No one really knows what happens, if this were to 
get worse,” Famiglietti says. “Our water security, and therefore our food security, is at 
far greater risk than people realize. Aside from the crisis of humans not having water, 
we’re also going to be losing these major food-producing regions like the Central Valley. 
Agriculture will migrate to where the water is, maybe the southern parts of South 
Dakota and southern Idaho. There is already some agricultural migration to those 
regions.” 



That may sound simple, relatively, a cultural shift, like the past migration of workers 
and jobs from the Rust Belt to the Sun Belt. However, climate change, with its 
disruption of the rain cycle, making severe storms even more severe and diminishing the 
snow pack in seasons of drought, makes it impossible to know which areas will remain 
stably wet. Cape Town is suffering now because “a once-in-a-millennium event,” as it 
has been described, has been occurring since 2015—scant rain in the region for three 
years. 

In California, rain became scarce in 2011 and stayed scarce for five years. Sufficient rain 
fell during the winter of 2016 that the drought appeared to have ended, since people 
could see rivers running and reservoirs filled that had seemed nearly empty before. 
Water experts view the matter differently. They make a distinction between surface 
drought and groundwater drought. Five years of overdrafting in the Central Valley left a 
groundwater deficit that the rains didn’t replenish. 

Aquifers that lie beneath rock deposits or in gaps between them, and especially ones in 
places where rain is sparse, might not recover in a time frame that means anything 
against the measure of a human life span. 

Aquifers commonly contain water that went underground thousands or millions of years 
ago and hasn’t come out since—it’s called fossil water. Groundwater, however, is as 
vulnerable to contamination as surface water. An overdrafted aquifer near a coast can 
have seawater seep into it and ruin it. Arsenic occurs naturally in rocks and can find its 
way into the water table, also ruining it. An aquifer near an industrial dump might be 
polluted by man-made chemicals. In the Central Valley, some wells are contaminated by 
nitrates, which come from fertilizer, leaky septic tanks, and big cattle-feeding 
operations; drinking nitrate-polluted water can bring about conditions such as blue- 
baby syndrome, in which the fingertips of babies turn blue from insufficient oxygen. 
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Finally, an overdrafted aquifer can be depleted. Whether it returns is a matter of how it 
was filled in the first place. Porous aquifers, ones beneath sand and gravel, as in the 
Central Valley, can recover with rain. Aquifers that lie beneath rock deposits or in gaps 
between them, and especially ones in places where rain is sparse, might not recover in a 
time frame that means anything against the measure of a human life span. In India, so 
many farmers have killed themselves from despair over disappeared groundwater, and 
the poverty it enforces, that there is a category called suicide farmers. In 2016, more 
than 11,300 farmers took their own lives. 

 
III. See You in Six Thousand Years 
Besides California, the other American place in water jeopardy is the High Plains, which 
sits on top of an aquifer called the Ogallala. The Ogallala is sometimes described as an 
ocean of groundwater. One of the largest known aquifers in the world, it runs from 



South Dakota to Texas, more or less in the shape of a monkey wrench. Near the top, in 
places, it is a thousand feet deep, and at the lower end, in places, there are areas where it 
is as shallow as only a few feet. The Dust Bowl, which played out above the Ogallala, 
was, in a way, a period phenomenon. All the water necessary to sustain the crops that 
now cover the plains was always there, but a few feet deeper than Depression-era 
farmers could reach with windmill pumps. Electric pumps, which only became 
widespread by the end of the thirties, made it accessible. 
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For decades farmers thought the Ogallala was inexhaustible. According to Scientific 
American, drawing on government studies, by 1975 the amount of water taken each year 
from the aquifer equaled the flow of the Colorado River, and now the annual draw is 
about eighteen times that amount. Farmers have been pumping out four to six feet a 
year in places where half an inch is being added. As far as continuing to be useful, the 
Ogallala might be exhausted by 2070. A reasonable estimate is that it would take six 
thousand years for rain to replenish it. 

 
IV. A Water-Crisis Tour 
Peter Gleick is sixty-one, and he looks like the scholar he is. He is tall and gangly, with a 
thin face and glasses, a gray beard, and wispy gray hairs that rise from his crown like 
solar flares. He grew up in New York City, where he was a Cub Scout and learned from 
his father to identify birds in Central Park. He went to Yale, then he moved to California 
and got a doctorate in energy studies from UC Berkeley. In 1987, he was one of four 
founders of the Pacific Institute, which specializes in water policy, and in 2003, he was 
named a MacArthur Fellow.  

Toward the end of 2011, someone anonymously mailed him a private document from 
the Heartland Institute, a conservative think tank that denies climate change. The 
document described a plan to produce a curriculum for kindergarten through twelfth-
grade students that disputed climate change. It also described the institute’s 
contributions to climate scientists who cast doubt on climate science. “I could have 
thrown it out. I could have sent it to a journalist,” Gleick told me. “But I chose to try to 
verify it myself.” He set up a Gmail account under the name of one of Heartland’s board 
members and asked Heartland to send him the institution’s most recent documents. 
What he received he dispersed to journalists, who published them. The Heartland 
Institute said that one of the documents was forged. Gleick wrote a piece in the 
Huffington Post acknowledging what he’d done and apologizing for his deception.  
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.  

“My board was not happy,” he said. “I stepped down, they made an investigation that 
eventually supported my version, and I was reinstated.” Meanwhile, the Heartland 
Institute bought petergleick.com, where you can read “Why Isn’t Pacific Institute’s Peter 
Gleick in Jail?” Regardless, in 2016, Gleick stepped down after nearly thirty years as the 
Pacific Institute’s president and now spends most of his time writing in an office on the 
institute’s premises. He is considered to be an eminent authority on water issues around 
the world and is regarded as especially knowledgeable about California’s circumstances.  

The Pacific Institute occupies a Victorian house among an enclave of such houses in 
Oakland. One morning I met Gleick there, and then we drove east to visit what he called 
some “peak water signifiers”—a sort of water-crisis tour.  

We were going to a walnut farm first. On the way, as we passed rolling green hills, Gleick 
explained that there are three components to peak water, the first being peak renewable 
water. “A renewable resource is flow limited,” he said. “You never run out of it, like 
sunlight. Most water is renewable—rainfall, snowmelt, rivers—but in more and more 
places around the world, we’re running into limits brought on by peak use. The classic 
example is the Colorado River, hardly a drop of which ever reaches its delta, in Mexico, 
anymore. It gets used up entirely along the way.”  
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Even an overtaxed river like the Colorado is partly renewable. “You get more the next 
year when it rains and snows,” Gleick continued. “It’s not that there’s never water, but 
there’s a limit to how much you can take, and that limit, its peak, is the renewable flow 
of the resource.” 



 
Zero Day: A dam near Cape Twon in March with almost nothing to dam. 
Getty ImagesWIKUS DE WET  

Gleick calls the second component of peak water peak nonrenewable water. “Just like 
peak oil,” he said. “An aquifer is not sustainable if humans pump it faster than nature 
charges it. The people in the Central Valley who have seen their wells go dry are 
experiencing peak nonrenewable water. There is still water there, but the groundwater 
level has dropped, and only the farms can afford to dig the deeper well. You could find 
other water for these people—you could hook them up to a municipal system that’s 
maybe hooked up to a river. No one’s dying of thirst. But we cobble together fixes when 
we run out. So you go back to this question: Are we running out of water? Yes, sort of, 
with nonrenewable resources, and yes, sort of, with renewable resources.” 

The walnut farm was about fifty miles north of Oakland, in Winters. “More and more 
orchards are going in, because they make money,” Gleick said. “There’s a distinction 
between field crops—cotton, rice, wheat, and corn—which you plant every year, and 
permanent crops, like fruits and nuts. Permanent crops need permanent water. If you 
have a drought and you’re growing wheat or alfalfa, maybe you fallow your field for a 
year. But if you’re growing almonds, you’ve got to water these trees or they die, and it’s a 



twenty- year investment sometimes before they produce a crop. That puts more 
pressure on groundwater. The advantage with trees is you can use drip irrigation, 
meaning you can target the roots, and apply the right amount of water at the right time, 
because there are monitors in the soil. Drip irrigation is more efficient than flood 
irrigation, where you simply flood the field and hope you’re watering at the moment the 
crop needs it most.”  
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The walnut farm, Sierra Orchards, was owned by a forward-thinking farmer named 
Craig McNamara, who looks a lot like his father, Robert McNamara, the secretary of 
defense under Kennedy and Johnson. We bumped down mud roads in an electric cart, 
which McNamara drove, and we saw the trees and his drip-irrigation system and how it 
works with a computer program to let him know when the soil is dry, and at the bottom 
of a small declivity, we stood beside Putah Creek, which he draws from. Since the creek 
was running high, he was flooding some of his fields with creek water to restore the 
water table. Finally, McNamara showed us hedgerows he’d planted to attract insects and 
birds and a huge machine by a barn that was converting walnut shells into organic 
matter he could use for fertilizer. Bookkeeping is what goes on in most farm offices I’ve 
ever visited, but McNamara’s was like a command center where he could find on a 
computer screen what he needed to know about which square yard of his orchard 
needed water and which square yard had enough.  

As Gleick and I drove away, he said that McNamara was noteworthy in trying to do more 
with less water. “The hedgerows and recycling shells, those are things that most farmers 
think cost money and don’t provide an immediate or obvious return. They’re smart from 
a sustainability point of view, but if you’re maximizing return, you don’t do them. That’s 
why his neighbor’s using pesticides. It’s more expensive to put in smart irrigation 
systems and soil-moisture monitors, but you make up the money by being organic.”  
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V. “Secret, Occult, and Concealed” 
The way water is used in the Midwest and West, and elsewhere around the world, 
exemplifies a nineteenth-century principle called the tragedy of the commons. The 
tragedy of the commons means that when there is a resource available to everyone, and 
the resource is unregulated—in the nineteenth century it was the common land for 
grazing cattle—people will use it to their own advantage until it is consumed rather than 
conserve it to everyone’s advantage. It is a principle that still applies widely, to 
overfishing, say, in the North Atlantic, and the disappearance of cod. Several colloquial 
rules, made at the start of the twentieth century, govern water in the West, and 
sometimes they contradict one another. Where water is shared, from a river, say, the 
rule that usually prevails is “first pump, oldest pump” or “first in time, first in right.” 
These older rights are also called “senior rights” or “pre-1914 rights.” They mean that 



even if you are upstream of another farm, if the downstream farmer’s rights preceded 
yours, you can’t have water until he has all he wants. People without senior rights might 
get paper water. 

California farmers who draw from wells don’t deal in paper water, since so long as the 
wells are on their property, the farmers are entitled to drill as deep as they like. In India, 
in parts of China, and in the U. S., with groundwater it’s the “law of the biggest pump,” 
which allows a farmer to drain the water from underneath his neighbor by drilling a 
deeper well, since groundwater doesn’t observe boundaries. So many treaties and 
arrangements and agreements govern water use in the West and have for so long that a 
court in 1861 wrote that the “secret, occult, and concealed” nature of the resource made 
it impossible to control. Impossible then, apparently impossible now, with voracious use 
in between. 
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VI. The Upside 
By a sign at the entrance to the Harvey O. Banks Delta Pumping Plant, outside Tracy, 
Gleick pulled over and opened a map. Out the window was a broad expanse of brown 
cattails and a long reach of deep blue water with the sun shining on it and gleaming like 
a strip of chrome. “We’re here,” Gleick said, pointing on the map to an extensive line of 
blue running mostly east to west. “The mouth of the San Joaquin River, where the 
Sacramento and San Joaquin join. It’s the largest delta on the West Coast.”  

Above the marsh, a red-tailed hawk slid across the sky like a skateboarder. “The third 
concept of peak water is peak ecological water,” Gleick went on. “Peak renewable and 
peak nonrenewable effectively describe the problems with supply and demand. A third 
problem, though, are the ecological damages that result from human use of water. Say 
we take more and more water from a river. We grow more food, we make more widgets, 
we get an economic benefit, but the ecological cost also grows as fisheries suffer and 
wetlands dry up. Eventually, the negative ecological costs outweigh the economic 
benefits. We define that as the point of peak ecological water.” Gleick pulled the car back 
onto the road and turned onto a blacktop leading to the pumping station, which we 
could see like a fort halfway up some hills, about a quarter mile ahead.  



 
The San Luis reservoir is an artificial lake and the fifth largest reservoir in California. 
Water from the San Joaquin-Sacramento River Delta is pumped uphill into the reservoir 
and released to continue downstream along the California Aqueduct for farm irrigation 
and other uses. 
Getty ImagesChristian Science Monitor  

Through pipelines and canals, the station sends water south from the delta as far as Los 
Angeles, which gets the bulk of its water from the north. The deltas and estuaries it 
draws from tend to be breeding and nursery areas for birds and fish as well as migratory 
stopovers for birds. “Taking water from the San Joaquin Delta,” Gleick said, “there’s 
longstanding, serious, peak-ecological- water concerns about salmon extinctions in the 
delta, other fish extinctions, and also how it acts on the Pacific flyway,” a major 
migratory route for birds that goes over the region.  



From a slight movement of color in the field, he identified a meadowlark landing on a 
fence post, like one of those people who need only a few notes to name a song. “There is 
a field of study in ecology called ecological valuation,” he continued. “What’s the value of 
an endangered fish species, or worse, extinction? The fact that we’re bad at valuing 
those things doesn’t mean that there’s no value to them. Peak water should never mean 
that people are dying of thirst. If we get to that point, that’s a failure of governments. 
Instead, peak water’s going to be felt first by ecosystems and agriculture and economies. 
We’re already seeing peak-water constraints hurt our economies, especially with the 
drought, in farmers having to fallow land, which leads to unemployment.  
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“I think people in California have understood for a long time that our water system is 
not in balance,” Gleick went on, “but they see the problem through their own lenses. If 
you’re a farmer and you see salmon or the delta smelt as responsible for water being 
used in a way that doesn’t benefit you, you think you can do without the fish. If you care 
about the fish, you may think the farmer could grow something different, or the same 
thing differently, and use less water. Neither group talks to the other, but it’s a false 
dichotomy to think that the only way to solve the human water problem is to give up 
water for fish.”  

Gleick believes there are two solutions—the hard path and the soft path, notions also 
derived from energy policy. The hard path wrings water from the environment mainly 
by means of dams and tunnels for transferring water and by desalinization plants. "It’s 
what World Bank guys and engineers are trained to do," Gleick said. The hard path 
exemplifies twentieth-century thinking, which in turn was based on the nineteenth-
century notions that resources were boundless and that science could control nature. 
There are still places to put dams, but dams are very expensive, and desalinization is too 
costly to be practical anywhere except places such as the Persian Gulf, where oil pays for 
it.  

Hard path believes that no water should escape being used, and it is indifferent to the 
vitality of an ecosystem. By its reasoning, a depleted system can be shed for a new one, 
the way new oil deposits can be found. The discarded system will expire or recover, but 
the caravan will have moved on. An example is the Colorado River, the passage of which 
is so oversubscribed that only once in the last twenty years has the river reached its delta 
in Mexico with any flow.  
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Soft path involves conservation and tactics such as storm-water capture or wastewater 
treatment and reuse—twenty-first-century thinking, Gleick calls it. “We are already 
treating wastewater, stuff you flush down your toilet,” Gleick said. “We are not yet 
drinking that water, because we don’t need to. They drink it in parts of Africa and in 
Singapore, where they call it ‘new water,’ a means of branding it. We use it for 
nonpotable purposes: irrigation, cooling power plants, and restoring groundwater.”  



Gleick turned into the parking lot of the pumping station, where there were only a 
couple of cars. “I’m a big fan of California agriculture,” he said, “but I’m also a big fan of 
ecosystems and reliable urban water supply. I think we can have a healthy agricultural 
economy and meet basic human needs for water and still save the fish, but not the way 
we’re doing things today.” 

“What if things don’t work?” I asked.  

“The dystopian vision, which I don’t think will happen, because I hope and think we’ll be 
smarter than that,” Gleick said, “but the dystopian future is one in which we lose more 
and more fisheries, the winter-run Chinook salmon go extinct, the delta smelt 
disappear, bird migrations plummet, the Salton Sea”—a saline lake fed by Colorado 
irrigation runoff—“disappears, and toxic dust spreads over southern California, the way 
it did when the city of Los Angeles drained Owens Lake. Plus a number of farms go out 
of production, and considering how reliant the country and the world are on California 
farms, the effect is widespread. Also, urban water gets more and more expensive, 
because we have to turn to desalinization, consequently more populations lack access to 
safe and affordable water, and we see more and more East Portervilles. 
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“What makes me optimistic is that it’s obvious we can do things differently." 

“What makes me optimistic,” he went on, “is that it’s obvious we can do things 
differently. I would be doing something else if I didn’t have that optimism, although it’s 
tempered in two ways. One is, while I truly believe we’re moving toward sustainable 
water management and use, I think bad things will happen along the way. We’ll lose 
some things permanently, like species. The other thing is that not everybody will suffer 
equally. The rich can isolate themselves to some degree from climate change and water 
problems, but the poor will suffer. Those weren’t rich communities in the Central Valley 
that had their wells dry up.”  

For several minutes, we stood beside the aqueduct and simply watched the water 
flowing south, the way people stare at a deep hole in the ground. Then Gleick said, 
“When you start butting up against peak-water limits, you have to start doing things 
differently. We’re not going to build many more big dams, and we’re overdrafting 
groundwater, but that will drive innovation. This is the direction we have to go. There’s 
no more new water.”  

VII. The Downside 

Earlier, Gleick had said, “In California, we have all the world’s water problems in one 
form or another. There’s one exception. We don’t really have violence, yet.” Elsewhere, 
they have their share. In 2016 in Darfur, seventy people were killed “in clashes between 
farmers and herders over access to water resources and land,” according to the Pacific 
Institute’s Water Conflict Chronology.  



In recent years, many of the conflicts in which people have been killed over water have 
taken place in India. Some of the occasions involved protests over dams or canals, and 
some were farmer-versus-herder disputes. In 2014, in northern India, during a drought, 
a group of bandits announced that they would kill people who lived in villages near their 
hideout unless the people brought them water every day. Twenty-eight villages said they 
would take turns paying what they called a “water tax.” Indirectly, water affects civil 
migration, which in turn affects politics in the form of responses to migration, such as 
the rise in Europe of right-wing nationalism and the election in Italy in March of 
populist factions opposed to immigrants. Last year, speaking at the Vatican’s Pontifical 
Academy of Sciences, Pope Francis wondered “if we are not on the path towards a great 
world war over water.” People who think a water-conquest war is unlikely tend to point 
out how difficult it is to move water, but it isn’t any more difficult to move water than it 
is to move oil.  
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June 6, 2018: An Indian man waits for fresh water supplies to arrive with a truck at a 
water distribution point, in the low-income eastern neighbourhood of Sanjay camp in 
New Delhi. 
Getty ImagesDOMINIQUE FAGET  



Gleick thinks that water is less likely to cause a war than to be used as a weapon. In 
2014, in the journal Weather, Climate, and Society, he published a paper called “Water, 
Drought, Climate Change, and Conflict in Syria.” He described the area’s water conflicts, 
which are ancient—the first, according to the Water Conflict Chronology, appears to 
have occurred forty-five hundred years ago when a king named Urlama diverted water 
through canals to deprive an enemy of it. More recently, climate change and the scarcity 
of freshwater resulting from a drought between 2006 and 2011 led to what one expert 
described as the “most severe set of crop failures since agricultural civilizations began in 
the Fertile Crescent many millennia ago.” Gleick’s paper discussed how all this 
encouraged the discontent that led to Syria’s civil war. “No one argues that climate 
change or drought caused the civil war,” he told me. “But they had an influence. And 
after the civil war started, there were massive and unrelenting attacks by pretty much all 
the parties on civilians and infrastructure, including, explicitly, water resources. Attacks 
on the water-treatment plants in Aleppo, attacks in Iraq on local water systems—use of 
water as a weapon. ISIS took over dams on the Tigris and Euphrates and released water 
on downstream villages to prevent attacks on their bases.”  
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“Water Wars” makes a fine headline, Gleick said, but he thinks any such conflict 
between nations would be more complicated. “India and Pakistan have been fighting 
forever over water in the region of Kashmir,” he said, “but if it breaks into war, water 
would only be a part of the cause. Egypt has threatened Ethiopia over the Grand 
Ethiopian Renaissance Dam Ethiopia is building over the Nile at the border of Ethiopia 
and Sudan. Egypt is completely dependent on the Nile, but would they actually attack 
the dam? I don’t think so, but it’s possible.” The future is rarely a continuation of the 
present, and doesn’t usually play out as we expect. Maybe we don’t run out of water. 
Maybe science finds a better means of providing drinkable water from castoff water and 
sewage. We tend to think of societal calamities as happening in places where the people 
are different from us, yet matters of race and culture seem irrelevant when we all require 
a half gallon of water each day to survive. When a region runs out of water, the people 
left there don’t really die of thirst. They die mainly from the diseases that come from 
drinking bad water. In these places, the equation is succinct: Demand, simple human 
need, the assertion, even, of a right, overwhelms supply.  
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How VW cheated on emissions tests 

Volkswagen has been accused of ruining crops planted 
near one of its factories in Mexico by using technology to 
alter the weather. 

Local groups have accused the German automaker of causing a dry spell with hail 

cannons that shoot sonic booms into the air to prevent the formation of hail. The 

devices are used to protect cars parked outside the factory from dents caused by 

hailstones.  
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Following the complaints, Volkswagen has promised to reduce its use of the cannons 

at its Puebla factory.  

"Even though there is no evidence that the use of these devices causes a lack of rain, 

Volkswagen (VLKAF) of Mexico decided to modify its operation in order to maintain a 

harmonious relationship with its neighbors," a company spokesperson told CNN.  
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"Volkswagen ... [has stopped] using these devices in their automatic mode, and is 

only operating them manually, when the meteorological conditions determine the 

imminent fall of hail," she said.  

The automaker said it now plans to install "anti-hail nets" over more than 150 acres 

to protect its cars. It said it would continue to use the cannons if needed.  

Volkswagen builds hundreds of thousands of cars at its factory in Puebla, Mexico. 

The automaker has around 15,000 workers at the Puebla factory, which 

manufactures models including the Jetta, Beetle, Tiguan and Golf. Hundreds of 

thousands of vehicles are produced at the plant each year.  

Local activists said the cannons had damaged crops in the region.  



"We are happy to know that as a group we have raised our voices against the use of 

hail cannons by VW Mexico," one group said in a statement posted on Facebook 

(FB).  

Volkswagen employs thousands of workers in Mexico to build hundreds of thousands 
of cars each year. 

Mike Eggers, the owner of a hail cannon manufacturer in New Zealand, said the 

technology is often incorrectly blamed for stopping rain.  

"In reality, the technology isn't around rain, it's around hail. And there's a difference. 

A substantial difference," he said.  

The cannons have been used for decades, most often to protect crops.  

-- Marilia Brocchetto, Claudia Rebaza and Max Ramsay contributed reporting.  
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