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Hi Sharon,

 

Nice meeting you today, as discussed I am following up with you to submit comments regarding the 5th management plan.

 

I am a hydraulic engineer representing WEST and I am submitting the paper because the plan almost entirely discusses reduction in consumption and does not
discuss methods for harvesting water.

 

For whatever it is worth, I met with Director Buschatzke to explore these ideas back in 2018 and I would be happy to continue helping ADWR on this matter.

 

I recently wrote this paper and hopefully is will inspire some amendments to the plan to support certain water harvesting BMPs.

 

Please let me know if you have any questions.

 

Ricardo Aguirre, P.E., D.WRE, CFM

Director of Land Management and Water Security

Executive Director of Drylands Alliance Addressing Water Needs (DAAWN)
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P.O. Box 1267
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ph: (480) 345-2155
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Land: A Credible Medium for Storing Water 

The Tier 1 water shortage has recently prompted an intense focus on water scarcity, especially in 
Arizona based on the numerous articles that have been written to detail the issues and describe 
solutions. Often, however, the reporting on those in charge of these issues indicate mixed messages on 
various costly technology-only solutions rather than a comprehensive multi-solution approach to solve 
the threat of water scarcity for future generations.  

One approach that has not made the press is to mimic natural patterns that promote watershed health 
and realize that land is a credible medium for storing water. Indicators of watershed health have been 
documented around 150 years ago, approximately the time of the Industrial Revolution, signaling a 
correlation between the rise of technology and the decline of watershed health.  

Evidence of this reality has been recorded by individuals, like Edward Beale, who was chosen in 1857 to 
survey a military wagon road from New Mexico to California (Figure 1). Today that road is Interstate 40 

and according to the book Along the Beale Trail, the 
land in that area has become severely degraded when 
compared to the frequent journal entries that Beale 
made during his journey, noting continually flowing 
streams and large expanses of tall nutrient-rich green 
grasses that often impeded his progress.  

Within 20 years of Beale’s trip, in 1875, William 
Hornaday, an American zoologist, conducted 
expeditions throughout the Western States where he 

observed massive bison herds, with some so large that they took five days to cross. The bison were a 
part of a vast diverse network of grazers and predators that included antelope, horses, elk, deer, wolves, 
coyotes, wildcats, and bears. 

Research chronicled by Dan Flores in American Serengeti reveal that the grazers Hornaday observed, 
and their predators, coexisted with the grasses observed by Beale. According to Flores, the landscape 
that supported the volume of wildlife during the mid-1800s was a “complex ecology at least 20,000 
years old…far from the empty ‘flyover country’ of recent times.” 

Reasons for the accelerated decline of watershed health since the Industrial Revolution include market 
hunters, ranchers, the federal killing program in the nineteenth and twentieth centuries, industrial 
agriculture, and the myriad Industrial Revolution-borne civil infrastructure, such as highways, railroads, 
dams, canals, and cities. The reality of this human intervention eradicated the migratory patterns 
established by those former grazers and their predators that were supported by and coexisted with the 
grasslands, now desertified, that once existed in the Western States.  

The tools of science and technology borne from the Industrial Revolution has greatly influenced how 
humans see the world and has created a belief that those tools are the answer to environmental 
problems of today. The truth, however, is that while there have been numerous modern miracles within 
mechanical developments, such as computers, transportation, buildings, utilities, and space exploration, 
massive shortcomings in nonmechanical systems that require management, such as agriculture, health, 

Figure 1. Beale Wagon Road from Along the Beale Trail 



erosion, water security, wildlife, rangelands, and forests, are not only failing but even appear to be 
accelerating the demise of humanity. 

These shortcomings can often be seen when a mechanical development is overlayed onto 
nonmechanical organic systems. Civil infrastructure routinely indicates this reality, especially in the 
infrastructure that affects drainage. Because civil engineering projects are land connected projects, 
practically all civil infrastructure affects how water drains over a landscape. The Santa Cruz River, north 
of Tucson, Arizona, exemplifies this claim with historical evidence showing that in the late 1800’s the 
river was a perennial watercourse that meandered through a widespread mesquite bosque consisting of 
diverse wildlife, with surface level groundwater in the surrounding area.  

Today, the Santa Cruz River is a dry riverbed that has been straightened and channelized, often with 
concrete fortified embankments, to allow for development to encroach onto the floodplain. The river is 
now prone to cause flooding outside of its embankments, especially during the more intense monsoonal 
episodes that follow long drought periods and because of the surrounding hardscapes and dead 
compacted soils that no longer infiltrate stormwater. This reality has also led to groundwater depths in 
the area now exceeding one hundred feet. 

The industrial farming practices of tilling and applying pesticides and fertilizers has had similar effects on 
how land stores water. These practices reduce soil organic matter, which leads to soil compaction and a 
direct effect on soil water holding capacity. This is the relationship that shows that land is a credible 
medium for storing water. Exploring the sequential effects of applying nitrogen fertilizer alone, as 
warned by Sir Albert Howard in the 1940’s and University of Illinois researcher Richard Mulvaney today, 
proliferates soil organisms that feed on organic matter, which causes an eventual collapse in soil 
structure, giving rise to compaction and subsequent increased runoff and erosion.   

According to the research conducted by Judith 
Schwartz in Cows Save the Planet, for every 
one percent of soil organic matter, the land can 
retain up to 60,000 gallons of water per acre. 
Dr. David Johnson’s research out of New 
Mexico State University shows 40,000 gallons 
of water retention per acre for every one 
percent organic matter; less retention but still 
significant. Figure 2 shows the estimated 
monetary value of retaining water within the 
soil. Unfortunately, according to Dr. Elaine 
Ingham of the Soil Foodweb School, soil 
organic matter must be at a minimum of three percent to start prompting an effective water and 
nutrient cycle. Certainly, soil types and other factors may cause variations. 

Because dead soil cannot hold water, farmers are compelled to increase their irrigation rates, which 
continues the cycle of adverse effects. Water infiltration is a function of compaction and surface soil 
salinity, indicating the level of soil organic matter. The inability of soil infiltrating water will lead to 
evaporation, causing salts to be left behind and a consequential repelling action, furthering the soils’ 
inability to infiltrate water, giving rise to the need for more irrigation, according to Sandra Postel author 
of Pillar of Sand. 

Figure 1. Estimated incremental value of water retention per 
percent soil organic matter per acre (Value of Soil Health, NRCS). 



Since life on the planet has been around for approximately four billion years, the natural interactive 
processes of ecology, hydrology, and geomorphology have had much time to develop and perfect a 
diverse and abundant resource management system, as observed by the explorers of the 1800’s. The 
mere 150 years of the Industrial Revolution, while producing great technical advances, has approached 
resource management from a compartmentalized rather than an interactive perspective. Designing 
water conveyance within and around the built environment needed to be reduced to simple, 
centralized, and one-dimensional approaches to handle the liquid form of water.  

Comparatively, Nature manages the ever-transmuting multi-forms of water as a complex, decentralized, 
and three-dimensional effective cycle. As such, overlaying the industrial land development practices of 
civil infrastructure and agriculture has resulted in the threat to water security that we see today. This 
reality affirms Lindy’s Law, which says that the longer something has been around the longer it will likely 
be around and, alternatively, the less time something has been around, the more vulnerable it is to die; 
something that humans might want to think about when comparing the results of a four-billion-year-old 
perfected system to the results of 150 years of science and technology based industrial practices. 

The megafauna observed and documented around 150 years ago is a clear sign for humans to follow, 
but few are willing to change their livestock management practices and those that have attempted 
mimicking those predator-prey grazing patterns through adaptive grazing management may not be 
executing Nature’s way effectively. Biases that vilify livestock, especially cattle, often purvey science as 
the repository for reason when scientific studies have usually been misapplied, poorly performed, ill-
conceived, and often misunderstood.  

Research, by Oldeman and Engelen in 1991, for example, suggests that livestock overgrazing had caused 
as much as 20 percent of the world’s pasture and range to lose productivity and that the global grass-

eating livestock herd, numbered at about 3.3 billion, 
was unlikely to increase much, if at all. Assuming the 
research was sound, one could reason that it 
provided both sufficient evidence and a cause for 
concern for the degraded grasslands caused by 
overgrazing. To the untrained masses, however, 
projected beliefs of how the degradation happened 
often criticizes the livestock rather than the livestock 
manager. 

Using megafauna can increase the carrying capacity 
of the land in the form of water and plants to achieve 
watershed health and provide long-term water 
security for future generations. Land management 
practitioners from varying climates and soil 
conditions around the world (see Figure 3), including 
the Southwest, have established a proven track 
record. These practitioners have demonstrated that 
properly mimicking the predator-prey relationship 
induces the conditions of animal impact and herd 
effect, where animal impact consists of dunging, 

Figure 3. Demonstration of properly mimicked predator-
prey relationships over three different continents in 
countries with low rainfall conditions: Mexico (top), 
Australia (middle), and Zimbabwe (bottom). 



urinating, salivating, and trampling, whereas herd effect consists of a behavioral change that effects soils 
and plants when many animals are bunched closely together to protect themselves from predation.  

High stock density, or many animals in small areas (i.e., one million pounds or one thousand head of 
one-thousand-pound cows per acre), for short periods of time with longer rest periods has proven to 
mimic the animal impact and herd effect that evolved with the soils and vegetation that shaped 
watershed health in the lower more erratic rainfall environments like the Southwest. This is the key that 
makes possible the restoration of grasslands on healthy high water holding capacity soils, but can 
humans achieve this outcome on a large enough scale? Doing so will require a practical and disciplined 
approach to land management that vigilantly looks for signals to adjust to willingly and without delay. 
Practitioners willing to dedicate themselves to the level of discipline required to properly mimic nature 
will also need to remain focused despite certain detractors that only read or do science from an 
intellectual perspective rather than conduct practical experiments and adjust based on Nature’s 
feedback, which offers an experiential perspective. 

Broadly speaking, the combined research of Schwartz, Johnson, and Ingham, indicates that 80,000 
gallons of water or approximately 3 inches of rainfall per acre is retained at that magic 3 percent soil 
organic matter level necessary to prompt watershed function. Figures worth considering. The largest 
storms in the Southwest during the year are monsoonal and can produce up to 3 inches of rainfall, so in 
an area that, on average, receives 12 inches per year, practically all the water throughout the year 
would be retained. The volume of water stored by that one acre of land alone would be approximately 
326,000 gallons of water, and with a per capita demand of 100 gallons per day, that acre could support 
approximately 9 people per year. Scaling up to the volume of water for large watersheds consisting of 
hundreds of square miles reveals the potential of land as a credible medium for storing water. 
Furthermore, imagining what could happen if the soil organic matter increases to three, five, or even ten 
percent leads one to see how Mother Nature’s abundance can support all those bison! 


