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NAVIGATING THE WAKE OF MUNICIPAL WATER SALES 
 

Introduction 
This report proposes means to maintain a critical mass of productive agricultural lands following a 
major agricultural-to-municipal water sale. In so doing, it seeks to preserve farm communities built 
upon a 130-year foundation of land productivity and annual economic activity that, under good 
management practices, is perpetually renewable. It also examines—in light of the environmental 
problems created by both agriculture and agricultural-to-municipal water transfers—how better 
ecological outcomes can be achieved when water is removed from irrigated farmland. 
 
There are not many precedents for this type of effort. While communities across the American West are 
exploring alternatives to municipal buy-and-dry practices (a term describing the acquisition of irrigated 
agricultural land interests for the purpose of municipal water appropriation—a practice that results in 
the permanent fallowing of land and, often, an ensuing array of economic, social, and environmental 
challenges), most of these alternatives are in pilot stage. In the meantime, cities with burgeoning 
populations, in river basins where demand exceeds supply, continue to appropriate water from farms 
because viable alternatives have yet to be brought to scale. These municipal acquisitions target the 
most senior water rights (since the most senior rights are the most reliable) and the most productive 
lands (since the most productive lands often demonstrate the greatest consumptive use history and 
therefore yield the most water). 
 
Cities themselves are often obligated to undertake such actions because of intense competition in the 
marketplace and a lack of viable alternatives. That is the case examined in this report: a consortium of 
farmers from Pueblo County, Colorado, initiated a sale of water interests, and the City of Pueblo’s 
municipal water provider, under threat of potentially losing access to this resource to other buyers, 
determined that it was in the best interest of the city to acquire the supply. It is essential that new 
water-sharing models be developed that obviate buy-and-dry practices and build equity between cities 
(which have substantial means to acquire water resources in the face of scarcity) and rural communities 
(which often lack the means to protect water resources for their own benefit, or lack the means to 
create market channels that allow the value of water to be realized in ways other than outright sales). 
But it is equally critical to focus on guiding municipal water acquisitions so that they do not result in 
zero-sum games—where cities survive and rural agricultural communities do not. 
 
The Pueblo case provides such an opportunity, and the purpose of this report—developed in partnership 
with a diverse group of local and state stakeholders—is to chart a course by which the City of Pueblo 
and unincorporated farm communities in Pueblo County can navigate the wake of municipal water sales 
in ways that build resilience across the region, possibly illuminating pathways applicable to 
communities in similar water-short environments nationally and globally. 
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Approach 
Four components shaped the effort that resulted in this report. They include: 
 

Collective Impact 
First, a collective impact approach drove the effort. Collective impact is “the commitment of a group of 
important actors from different sectors to a common agenda for solving a specific social problem,” 
(Kania and Kramer, 2011, p. 36). The “problem” in farm communities impacted by agricultural-to-
municipal water transfers is the decline of agriculture, characterized by the inability of farms that did 
not sell water and agricultural-based industries to remain viable. In the Pueblo case, no entity is 
charged with ensuring agricultural communities remain viable following the transfer, nor do existing 
entities—farms, municipal water providers, or local governments—possess the requisite resources to 
solve the decline problem.1 Collective impact presents a method of addressing problems when 
institutions with the resources and mandates to solve those problems do not exist. When collective 
impact approaches are applied to solving complex water issues, three elements are critical: “(1) 
[establishing] a process by which representatives of relevant stakeholder groups are identified and 
involved in the design of the problem-solving [approach]; (2) [involving] a professional “neutral” or 
mediator with the requisite skills and experience to facilitate the participation of a great many groups 
and individuals with varying capabilities; and (3) [engendering] a commitment to engage in joint fact 
finding, assisted by scientific and technical experts, as part of the consensus building process” 
(Susskind, 2013, p. 670). Collective impact undertakings generally have three distinct phases: (1) 
initiating action; (2) creating a central infrastructure that can organize for impact; and (3) sustaining 
that impact through ongoing activities informed by shared goals, (Hanleybrown, Kania & Kramer, 2012, 
p. 1). The purpose of this effort was to initiate action. 
 

Landscape Analysis 
Second, a landscape analysis was conducted to determine how to make the best use of limited water 
resources. Using available geographic information system (GIS) data, the landscape analysis sought to 
answer questions such as: Where is the most productive or potentially productive farmland? Which 
farms will the transfer fallow? Are these the best farms to remove water from? Are there farms that 
contribute to environmental problems such as soil erosion and water contamination? What impact 
would removing water from these farms have instead? Which locations hold inherent potential for 
alternatives to permanent fallowing—for example, developing efficiency surpluses for municipal use by 
converting to sprinkler or drip irrigation or initiating rotational fallowing practices? In addressing these 
questions, the analysis examines how much water from less productive farmland or farmland with 
strong ecological restoration potential is theoretically available to “replace” water purchased from some 
of the highest quality farmland. The analysis also looks at where conservation strategies can be used to 
protect prime lands. As such, the landscape analysis not only ranks farmland protection priorities, it 

                                                        
1 Water appropriations practices in Colorado are, by and large, divorced from land-use, community development, or economic 
considerations. Land in in the study area is zoned agricultural. Water is needed for agriculture. A critical mass of agricultural land is 
needed to sustain the industry and support related businesses. But these facts have no bearing on how water is removed from 
agricultural land. Water Courts overseeing appropriations processes consider injury to other (downstream) water rights holders. They do 
not consider injury to landowners, communities, regions, industry sectors, or ecosystems. (Colorado’s 1041 permit process vests counties 
with some powers to mitigate these impacts.) MIT professor Lawrence Susskind, an expert in complex water networks, says that without 
a collective impact-type approach, the legal, technical, and economic vehicles supporting water rights appropriations can increase 
societal costs without intending to; the appropriations process ends up promoting waste, creating problems of inequity, and propagating 
winner-take-all environments (Susskind, 2013). 
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identifies suitable locations for dry-up—locations where fallowing could improve water quality, restore 
habitat, and ensure reclamation efforts serve both community and ecological goals.2 (Note: landscape 
analysis products in this report are also provided in a Map Supplement for high resolution viewing and 
printing.) 
 

Conservation Strategy Development 
Third, guided by the landscape analysis, strategies to facilitate a community transition that will not 
result in decline were developed. The strategies include market and conservation components. Sales 
histories of irrigated land were constructed. Appreciation rates were determined. Values for land with 
farmer-owned water; land with city-owned, leased water; land with no water; and land with water 
protected by conservation easements were established—as were the costs of leasing verses buying 
these lands. Sales histories were overlaid with the results of the landscape analysis, so that they could 
be examined spatially. Synthesizing this information, approaches to restoring water on critical 
production lands were developed. The conservation tactics of land trusts, real estate investment trusts 
(REIT), timber investment management companies (TIMO), and foundations engaging in program-
related conservation investments (PRI) were considered. Water attorneys, water engineers, and other 
experts helped determine legal, financial, and technical challenges associated with specific strategies. 
 

Case Studies 
Fourth and finally, case studies were developed to test the strategies. Strategies to restore water to 
important farmland would be academic at best—misguided at worst—if they were not tested and vetted 
with the people employing them—farmers themselves. The case studies examine how to restore water 
to prime farmland by employing an approach that centers on farmers’ needs—while still guaranteeing a 
full municipal yield. By considering the various business objectives of case study participants—
increased productivity, business expansion, business succession, land access, land leasing, water 
leasing, asset consolidation, and other farm-owner objectives, the case studies demonstrate a real value 
proposition for farmers inherent in the strategies. Case studies involved three participants: Palmer Land 
Trust, Rusler Produce, and DiSanti Farms.3 

Contributors 
Rocky Mountain Farmers Union commissioned Navigating the Wake of Municipal Water Sales in 
partnership with Palmer Land Trust. Innovative Conservation Solutions, LLC (ICS) led the project team 
and authored the report. The project team included GeoAdaptive, LLC, and Sourav K. Biswas, who jointly 
conducted the landscape analysis; Lyons Gaddis Attorneys & Counselors, who provided legal advice and 

                                                        
2 While the landscape analysis examined suitable locations for ATMs, preliminary results are omitted from this report. A principal reason 
for not pursuing and including more detailed investigations has to do with Pueblo Water’s anticipated Water Court change case filing in 
2017. Project focus shifted to ensure the change case enabled Pueblo Water to acquire the full yield of consumable water from its 
purchase in manner that could preclude drying-up the region’s best agricultural lands where it purchased water. Stakeholders want to 
see these lands retained in agriculture. ATMs offer promising alternatives to permanent fallowing, but ATMs will not guarantee the full 
yield of consumable water Pueblo Water is capable of obtaining from its purchase. To the extent (and for the time period in which) 
Pueblo Water does not require the full yield from its purchase, ATMs should be explored. See: Berg Hill Greenleaf Ruscitti LLP, Lower 
Arkansas Valley Water Conservancy District, & Martin and Wood Water Consultants, Inc. (2016), DiNatale Water Consultants & Colorado 
State University (2013), Nichols (2011), and State of Colorado (2010). 
3 Pueblo County, rather than Palmer Land Trust, was initially targeted as a case study participant. Pueblo County, working with local 
colleges, universities, and other partners, aspires to acquire land to use as a business incubator for new or emerging farmers. As models 
for restoring and protecting irrigated farmland were developed, it was determined that Palmer Land Trust was a more appropriate case 
study participant. Palmer Land Trust also developed an independent case study based upon the findings of this report. 
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counsel; and McCarty Land & Water Valuation, Inc., who produced a market data report that informed 
the economic analysis and case studies developed by ICS. Funding for the project was provided by the 
Rocky Mountain Farmers Union Foundation, the David & Lucile Packard Foundation, the Gates Family 
Foundation, Pueblo County, Joe Woodford, Palmer Land Trust, and anonymous donors. 
 
ICS would like to thank the many individuals who contributed time, information, and ideas to this effort: 
 

• Bill Barnes, Chief Appraisal Officer, Farm Credit of Southern Colorado 
• Dr. Michael Bartolo, Manager/Research Scientist, Colorado State University Arkansas Valley 

Research Center 
• Sourav K. Biswas, Landscape Designer, AECOM (project team) 
• Scott Brazil, Sales Manager, Rusler Implement Company 
• Scott Campbell, Owner and Principal, ICS Consulting (author and project team lead) 
• Dr. David Cockrell, Independent Contractor/Consultant (project team) 
• Barry Cooper, President and CEO (retired), Farm Credit of Southern Colorado 
• Dominic DiSanti, Owner, DiSanti Farms; President, Pueblo Chile Growers Association 
• Justin DiSanti, Owner, DiSanti Farms; Board Member, Bessemer Irrigating Ditch Company 
• Randy Evetts, Senior Program Officer, David & Lucille Packard Foundation 
• Barry Fradkin, Senior Analyst, GeoAdaptive, LLC (project team) 
• Donald Frick, Attorney, Fischer, Brown, Bartlett & Gunn, P.C. 
• Dr. Timothy K. Gates, Professor of Civil and Environmental Engineering, Colorado State 

University College of Engineering 
• Alan Hamel, Executive Director (retired), Pueblo Board of Water Works; Board Member, Colorado 

Water Conservation Board 
• Terry Hart, Commissioner, Pueblo County 
• Matt Heimerich, Lower Arkansas Valley Conservation Director, Palmer Land Trust (project team) 
• Mike Hill, Secretary-Treasurer & Superintendent, Bessemer Irrigating Ditch Company 
• William A. Hillhouse II, Counsel, Hoskin Farina & Kampf Professional Corporation 
• Dan Hobbs, Lead Cooperative Development Specialist, Rocky Mountain Farmers Union 

Foundation (project team) 
• Rebecca Jewett, Executive Director, Palmer Land Trust (project team) 
• Jeffrey J Kahn, Attorney, Lyons Gaddis Attorneys & Counselors (project team) 
• John Knapp, District Conservationist (retired), Natural Resources Conservation Service 
• Dr. Joanna Lemly, Wetland Ecologist, Colorado Natural Heritage Program 
• Chris Markuson, Director, Economic Development and Geographic Information Systems, Pueblo 

County 
• Dr. Sarah Marshall, Wetland Hydrologist/Ecologist, Colorado Natural Heritage Program 
• Kevin McCarty, Owner, McCarty Land & Water Valuation, Inc. (project team) 
• Mark A. McLean, Vice President, Deere & Ault Consultants, Inc. 
• Blake Osborn, Water Resources Specialist, Colorado Water Institute, Colorado State University 

Extension 
• Richard Rhodes, Natural Resources Conservation Service (retired) 
• Dr. Renee Rondeau, Team Leader and Ecologist, Conservation Planning Team, Colorado Natural 

Heritage Program 
• Tom Rusler, Owner, Rusler Produce; Board Member, Bessemer Irrigating Ditch Company 
• Nick Rulser, Owner, Rusler Produce 
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• Tommy Rusler, Owner, Rusler Produce 
• Flavio Sciaraffia, Landscape Analyst, GeoAdaptive, LLC (project team) 
• Amber Shanklin, Pikes Peak Region Conservation Director, Palmer Land Trust (project team) 
• John Stulp, Special Policy Advisor to the Governor for Water 
• Dr. Juan Carlos Vargas, Owner and Principal, GeoAdaptive, LLC (project team) 
• Alan Ward, Water Resources Division Manager, Pueblo Board of Water Works 
• Jay Winner, Executive Director, Lower Arkansas Valley Water Conservancy District 

 

Limitations & Assumptions 
The absence of certain datasets affects the results of the landscape analysis. Assumptions pertaining to 
land and water market values, conservation payments, and consumptive use calculations are employed 
in the case studies. The report’s conclusions should be viewed in light of these limitations and 
assumptions. The most significant limitations and assumptions are as follows: 
 

Landscape Analysis 
A landscape-level, rather than parcel-level, analysis is employed in the study. This approach is critical to 
ascribing general characteristics to, and assessing possibilities over, large areas (the study area is 
approximately 50 square miles). Nonetheless, implementation of the strategies and suggestions 
embedded herein will occur on a parcel-by-parcel basis. The landscape analysis should be considered 
indicative of what is possible across the landscape rather than prescriptive of what could or should 
transpire on any specific parcel. Confidence levels in the findings (which vary for different analyses and 
are provided in the appendices) should be taken into account when embarking upon implementation 
efforts, which will involve site visits and, in some cases, additional research to test assumptions and 
ground truth findings on specific parcels. 
 

Water Budget 
779 shareholders own 20,000 Bessemer Ditch shares, but there is no central information repository that 
shows where irrigation water is applied. Nor is there always a correlation between shareholder 
ownership and parcel ownership. Historically, one Bessemer share irrigated one acre of land. For the 
purpose of this study, farmland between the Bessemer Ditch and the Arkansas River—in Saint Charles 
Mesa, Vineland, and Avondale—is assumed to be irrigated on a one-share-per-acre basis. However, some 
lands are irrigated differently (e.g., two shares per acre), and some lands are not irrigated by Bessemer 
shares at all (e.g., some lands are irrigated by wells). 
 

Acreage Calculations 
Due the factors already mentioned, many conclusions in the report are based upon an analysis of parcel 
size rather than a known quantity of Bessemer shares irrigating specific parcels. To wit: Pueblo Water 
purchased 5,540 shares. These shares irrigate parcels that span 6,117 acres. However, the portions of 
these parcels where water was purchased total approximately 5,300 acres. Analyses in the report focus 
primarily on parcel size (the 6,117 acre number). Obviously, this creates a discrepancy: 6,117 acres will 
not be fallowed through the Pueblo Water purchase—5,300 will. In addition to the example given, 
adjustments that attempt to calculate the amount of Bessemer-irrigated acreage were made in a critical 
sections of the report, for example: estimating dry-up candidate area acreages, developing conservation 
priority indices, and setting important farmland conservation goals. But in most cases, analyses that 
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result in acreage estimates are based on parcel size, not the amount of Bessemer-irrigated acreage or 
the number of shares being applied to specific parcels. 
 

Parcel Size & Ownership 
While acreage results are derived from county assessor parcel data, implementation will not be driven 
on a parcel basis but on an ownership basis. One farm family may own ten parcels that total 500 acres, 
but title to individual parcels may not be consistent. For example, some parcels may be listed in the 
farmer’s name, some in the farmer’s business name, and some in a spouse’s name. Analyses in the report 
attempt to estimate the number of farmers that own land with particular attributes. These estimates 
can be high due to the limitations of parcel data records. To wit: in the example given, one farm family 
owns ten parcels totaling 500 acres, but the parcel records may show three owners, one of which owns 
four parcels totaling 250 acres, one of which owns three parcels totaling 150 acres, and one of which 
owns three parcels totaling 100 acres. This will not affect report recommendations; water exchanges, 
for example, will be abetted by the fact that land ownership may be less diffuse than indicated in the 
report. 
 

Conservation Payments 
Financial models involving conservation easement payments are based on practices employed by the 
Lower Arkansas Water Conservancy District—where easement value is based not only on the diminution 
of property value created by an easement encumbrance but also on the societal value placed on 
protecting high quality irrigated farmland with defined characteristics. For the District, which serves five 
counties and generally pays a flat fee for easements regardless of market conditions in a given location, 
this means that easement payments can either exceed or fall short of their real market value. In 
employing a similar approach on the Bessemer, an effort was made to ensure payments for easements 
generally reflect a real market value; payments close to full market value were sometimes considered in 
the case studies. While consistent with practices around the country, an approach which pays 100% of 
easement value diverges from some investment practices in Colorado. Many Colorado-based easement 
purchasers and funders pay a portion of easement value (in what is termed a bargain sale) since the 
State, beginning in 2003, incentivized the contribution of donated value through a state tax credit 
program. Consultation with land trusts and analyses of conservation investments in the area supported 
an approach to purchasing easements at or near fair market value for properties with important 
conservation attributes. 
 

Consumptive Use Calculations 
The report suggests facilitating water exchanges between farms in order to preserve irrigation on the 
best lands. The suggestion is predicated on exchanging water based upon consumptive use 
equivalencies. Alan Ward, Water Resources Manager for Pueblo Water, reports that consumptive use for 
the Pueblo acquisitions, as calculated by Deere & Ault Consultants, Inc., varies from a low of 0.615 AF 
per acre to a high of 2.212 AF per acre—with a mean of 1.603 AF per acre, (Ward, Personal 
Communication, December 6, 2016). As some of this acreage was irrigated by more than one share-per-
acre, consumptive use estimates per share were made accordingly and vetted through a review of 
consumptive use calculations established in previous change cases (District Court, Water Division 2, 
Colorado, Case Number 04CW08, 2009, p. 6-7). In the case studies, a consumptive use of 1.5 AF per 
share was generally assigned to water owned by Pueblo Water, and ranges of 1.2 AF per share to 1.7 AF 
per share were used to explore equivalencies in exchange frameworks.  
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Executive Summary 
The City of Pueblo’s municipal water provider, the Pueblo Board of Water Works (Pueblo Water), having 
recently acquired 5,540 Bessemer Irrigating Ditch Company shares, is in a position to permanently 
fallow approximately one-third (5,300 acres) of the irrigated farmland in Saint Charles Mesa, Vineland, 
and Avondale. More than one-third of the fallowing set to occur is on farms identified as the most 
critical production areas in Pueblo County (approximately 2,000 acres scoring above 90% for Farmland 
Protection Priority rank). 
 
This study proposes means to maintain upwards of 2,000 acres of Pueblo County’s best production 
lands in irrigated agriculture. It suggests that market-based mechanisms—powered by legal frameworks 
established in Pueblo Water’s Water Court change case—be used to facilitate the movement of water 
from less productive ground back to critical production areas. These “water exchanges” can be 
accomplished voluntarily—in ways that benefit individual farmers and the agricultural community as a 
whole. 
 
Water exchanges can also create environmental gains. The study identifies lands that, if fallowed in lieu 
of critical production areas, would limit sedimentation from surface irrigation return flows into rivers 
and streams. It indicates potential to lower high water tables and lessen total dissolved solids (TDS) 
concentrations (salt, selenium, uranium, arsenic, etc.) in the Arkansas River Watershed through strategic 
fallowing. It shows that targeted reclamation activities can build contiguity across grassland and 
riparian corridors and restore the Central Shortgrass Prairie’s fragile ecosystems. 
 
Market research, financial analyses, and the development of three case study scenarios underscore the 
economic viability of water exchange frameworks. While the analyses are detailed, the basic value 
proposition behind them is simple: if critical production land with owned water is worth $12,000/acre, 
and critical production land with leased water from Pueblo Water is worth $2,500/acre, and dry-up 
candidate land with owned water is worth $8,500/acre (values supported by the study), purchasing one 
acre of critical production land with leased water and one acre of dry-up candidate land with owned 
water will cost $11,000. This would not be a good investment if, as Pueblo Water’s lease period comes 
to an end, leases are not renewed—the value of the acre with leased water will decline and the $11,000 
investment will no longer be worth $11,000. If, however, the owned water is transferred from the 
$8,500/acre ground to the $2,500/acre ground, the purchaser now owns two acres, one of which alone 
(the one that has permanent water restored to it) is worth $12,000—$1,000 more than the original 
investment. 
 
In testing this value proposition through case study scenarios with Rusler Produce, and DiSanti Farms, it 
was determined that exchange frameworks could be used to expand holdings, increase production 
capacity, reduce (in some cases) reclamation costs for Pueblo Water, create better ecological outcomes 
for the community, permanently retain the best production ground in agriculture through the use of 
conservation easements, and create affordable land access for the next generation of farmers. 
 
While the results are promising, implementation challenges revealed in the study should also be 
acknowledged. The amount of dry-up candidate lands is limited. 6,000 acres of dry-up lands would 
create greater opportunity for exchanges with more competitive pricing than the 2,000 to 3,000 acres 
identified in this study. In addition, dry-up candidate parcels are small and selling with less frequency 
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than lands where Pueblo purchased water. Consumptive use for shares on these parcels is also likely 
lower than the Pueblo purchases, meaning that, to guarantee Pueblo Water its anticipated yield, it may 
require eleven acres of dry-up to restore ten acres of critical production land. Engineering, legal, and 
administrative costs required to facilitate exchanges are not insignificant; and outside variables—such 
as land conversion market influences, changes in zoning, and water lease renewals—will also affect the 
degree to which exchanges can be successful. 
 
These are not insurmountable challenges. There is a demonstrated minimal dry-up candidate land base 
to make exchanges feasible. Initial success with exchange frameworks in a pilot phase can incentivize 
participation at scale. And philanthropic investments (combined with the private equity that will be at 
play in exchange frameworks) can incentivize water sales in much the same way that Pueblo Water’s 
entry into the market incentivized water sales. (There were still willing sellers at the door when Pueblo 
Water left the market having paid $10,150/share; now water is trading as low as $6,500/share.) 
 
More importantly, to many stakeholders, it seems unconscionable to do nothing. Municipal buy-and-dry 
practices at the scale soon to affect Pueblo County have precipitated the decline of irrigated agriculture 
in other Lower Arkansas Valley communities. Navigating the Wake of Municipal Water Sales was 
commissioned to chart an alternative course—where a more optimal community transformation, marked 
by the retention of a resilient agricultural base, municipal water security, growing economic 
opportunity, intraregional cooperation, healthy ecosystems, and innovative water management practices 
that benefit farms and cities—is achieved. This study indicates that a more optimal transformation can 
be achieved. The question is: To what extent? To seed the greatest transformation possible, the study 
recommends the following actions: 
 

(1) Establish a procedure in Pueblo Water’s change case that enables water exchanges and dry-up 
substitutions through an administrative process managed by the Water Court. 

(2) Initiate a community outreach process; discuss the opportunity to participate in exchanges; 
identify participants and qualifying parcels; quantify consumptive use and augmentation 
requirements for those parcels; and launch pilot efforts to test exchange frameworks. 

(3) Protect lands with restored water using conservation easements—ensuring they will not be 
subject to future buy-and-dry activities; use easement payments to incentivize exchange 
frameworks; and conserve as much critical production land as possible (whether it was subject 
to a municipal water acquisition or not) to preserve a strong production land base in the Saint 
Charles Mesa, Vineland, and Avondale Communities. 

(4) Formalize a cross-sector working group; establish a robust, autonomous backbone organization 
with paid staff and consultants to serve this group and manage water exchange activities. 

(5) Secure financial commitments for development and implementation, with at least three-years 
of committed funding. This is a complex undertaking that will function most effectively if it is 
not working on a grant-to-grant basis. 

 
By taking these actions, Pueblo County stakeholders can set new precedents in mitigating the impacts 
of agricultural-to-municipal water transfers. As no other transfer of this magnitude has occurred within 
such a proximate urban-agricultural interface, and no other transfer has offered the window of 
opportunity provided by Pueblo Water’s lease to farmers, the question has to be asked: If not here, then 
where? If not now, then when?  
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Final Report 

Background 
In 2009, following seven years of consideration and negotiation, and with increasing uncertainty 
surrounding the reliability of its Colorado River transbasin water supplies, the Pueblo Board of Water 
Works (Pueblo Water) purchased 5,540 shares of (principally) Arkansas River water on the Bessemer 
Ditch—a 28% interest in the ditch company. Farmers initiated the sale, and, following the purchase, 
water was leased back to farmers. Pueblo Water hopes to file its Water Court change case in 2017, 
which will enable it to repurpose these shares for municipal and industrial use. Leases will terminate in 
2029. 
 
In 2015, in anticipation of the change case filing, the end of Pueblo Water’s leases to farmers, and the 
potential impacts stemming from the permanent fallowing of nearly one-third of Pueblo County’s best 
agricultural land, Rocky Mountain Farmers Union (RMFU), in partnership with the Colorado Farm Bureau, 
convened community stakeholders to address the transition. Stakeholders included Pueblo County 
commissioners; Pueblo Water representatives; Bessemer Irrigating Ditch Company board members; 
Palmer Land Trust (PLT) representatives; Colorado Water Conservation Board (CWCB) members; 
Arkansas Basin Roundtable leaders; Natural Resources Conservation Service (NRCS) staff; farmers; and 
regional chamber of commerce, planning, and economic development representatives. The intent was 
to see what could be done to avoid the buy-and-dry outcomes seen in other Lower Arkansas Valley 
communities. These include not only the permanent loss of nationally significant farmland, but the 
subsequent failure of related agricultural industries, decline of main street businesses, diminishing 
alternative enterprise potential, increasing hardships for farmers who remain in farming (incentivizing 
additional water sales), environmental degradation, and significant fiscal and land use challenges for 
local governments. 

 
 

Figure 1. Colorado’s Lower 
Arkansas Valley extends from 
the City of Pueblo (where the 
Arkansas River leaves the Rocky 
Mountains and enters the 
plains) to the State of Kansas 
(where it continues its four-state 
journey to the Mississippi River). 
Over the last 40 years, buy-and-
dry activities in the Lower 
Arkansas Valley have eroded 
one-third (over 100,000 acres) of 
the region’s irrigated farmland 
and contributed to poverty rates 
exceeding 35% in some 
counties. Pueblo County will 
soon address the buy-and-dry 
impacts of a major agricultural-
to-municipal water transfer. 
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RMFU assembled the 
stakeholder group to explore 
what could be done to facilitate 
more positive and proactive 
transitions in light of the 2009 
water sale. Optimal community 
transformation—marked by the 
retention of a resilient 
agricultural base, municipal 
water security, growing 
economic opportunity, 
intraregional cooperation, 
healthy ecosystems, and 
innovative water management 
practices that benefit farms and 
cities—is the goal, and RMFU 
commissioned this study in 
light of that goal. 
 
Navigating the Wake of Municipal 
Water Sales examines mechanisms to retain a resilient agricultural base while recognizing Pueblo 
Water’s intent to secure its anticipated yield of consumable water. The stakeholder group served by this 
project is in a unique position to set new precedents in dealing with the problems created by 
agricultural-to-municipal water transfers. No other transfer of this magnitude has occurred within such 
a proximate urban-agricultural interface, and no other transfer provides the window of opportunity 
afforded by Pueblo Water’s lease to farmers. Close economic, social, and political ties can fuel 
intraregional cooperation. The City of Pueblo is not water-stressed, meaning it has an opportunity to 

mitigate the unintended but anticipated social, 
economic, and environmental impacts of its recent 
acquisition. The potential for community and 
landscape transitions to support regional economic 
growth strategies benefitting the City of Pueblo and 
unincorporated Pueblo County is high. 
 
Historically, the Bessemer Irrigating Ditch Company 
was composed of 20,000 shares, which irrigated 
20,000 acres. Although some of its irrigated 
farmland lies west of the City of Pueblo, the 
majority spans the Saint Charles Mesa, Vineland, 
and Avondale areas. Today, 18,838 shares irrigate 
18,838 acres or less—1,162 shares having been 
acquired by the Saint Charles Mesa Water District, a 
rural water district serving the region. 
Approximately 5,300 acres are slated for dry-up 
through the Pueblo Water purchase. 
 

Figure 2. Farms served by the Bessemer Ditch. Farmland on Saint Charles Mesa is already 
heavily impacted by exurban development. The Pueblo Water acquisition threatens to dry up 
5,300 acres of irrigated land (in red), mostly in the Vineland and Avondale areas. 

GUIDING QUESTIONS 

1. Is it possible to continue irrigating critically 
important production areas? 

2. Is it possible to fallow and reclaim lands that 
are less productive, where natural systems can 
be enhanced? 

3. Can this work be done using voluntary, 
market-based frameworks; and can these 
frameworks benefit farmers looking to sell, 
expand, or (in the case of new farmers) gain 
access to high quality lands at an affordable 
price? 

4. Can this work be done at a scale that has a 
real community impact while providing Pueblo 
Water its anticipated yield? 
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Buy-and-dry activities at this scale have, as a rule, triggered decline in farm communities across the 
Lower Arkansas Valley. As such, this study was driven by four guiding questions: (1) Is it possible to 
continue irrigating critically important production areas? (2) Is it possible to fallow and reclaim lands 
that are less productive, where natural systems can be enhanced? (3) Can this work be done using 
voluntary, market-based frameworks; and can these frameworks benefit farmers looking to sell, expand, 
or (in the case of new farmers) gain access to high quality lands at an affordable price? (4) Can this work 
be done at a scale that has a real community impact while providing Pueblo Water its anticipated yield? 
The findings indicate that all this is possible. 
 

Findings 
The permanent fallowing of lands where Pueblo Water purchased water, which include some of the best 
agricultural lands served by the Bessemer Ditch, represents a significant threat to the economic and 
social fabric of the Saint Charles Mesa, Vineland, and Avondale farm communities—and, by default, to 
Pueblo County as a whole. Ensuring future resilience in these communities requires something 
different, namely that: (a) the most productive or potentially productive lands be retained in farming; 
and (b) production lands operate (to the 
greatest extent possible) as contiguous 
clusters rather than fragmented units 
dispersed by fallowed ground. This serves to 
aid both water delivery and farm 
management practices and limits the 
potential for incompatible forms of adjacent 
land use. The first task of the study, 
therefore, was to determine what constitutes 
a Critical Production Area (CPA). 
 

1. Critical Production Areas are at Risk 
Local farmers, production experts, soil 
scientists, and farmland conservation 
professionals helped establish CPA criteria, 
which include five considerations: (1) soil 
quality, (2) production capability, (3) historic 
productivity, (4) contiguity of production 
areas, and (5) parcel size. Farmland was 
ranked for protection priority according to 
these criteria. For the purpose of the study, 
farmland meeting criteria in the 75th to 100th 
percentile was considered critically 
important, although high quality farm ground 
is by no means limited to this classification. 
Nearly 60% of the parcels where Pueblo 
Water purchased water (3,617 acres) lie in a 
CPA; 45% of the parcels where Pueblo Water 
purchased water (2,724 acres) score in the 90th percentile or higher. Preserving irrigation on these lands 

Figure 3. Prime and Irrigated: farmland of national importance is a limited 
and irreplaceable resource in Pueblo County, as this historic map from the 
U.S. Soil Conservation Service (now the Natural Resources Conservation 
Service) shows. The vast majority of prime farmlands in Pueblo County are 
irrigated by the Bessemer Ditch. 
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is a critical component of a strong, resilient agricultural industry in Saint Charles Mesa, Vineland, and 
Avondale. 
 

 
  

Figure A-8. Critical Production 
Areas (CPAs) are highlighted in 
light and dark green on the 
Farmland Protection Priority 
Map. Parcels where Pueblo 
Water purchased water are 
isolated in the bottom map 
(Figure A-9). CPAs meet the 75th 
percentile of Farmland 
Protection Priority criteria 
established by the study. 
Criteria include: soil quality, 
production capability, historic 
productivity, contiguity of 
production areas and parcel 
size. Preserving this land as 
irrigated farmland is a critical 
component of maintaining a 
strong, resilient agricultural 
industry in Pueblo County. 
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2. Other Areas are Better Suited for Permanent Fallowing. 
The second task was to examine if other areas are better suited for permanent fallowing than CPAs. 
These Dry-Up Candidate Areas (DCAs) represent locations where permanent fallowing can minimize 
impacts to the agricultural community and maximize ecological gains. For example, drying up and 
restoring farmland in or adjacent to riparian corridors can improve habitat and provide vegetative 
buffers that limit sedimentation and nutrient loading from surface irrigation return flows. Strategic 
fallowing can remove parcels from irrigation that, through subsurface return flows, contribute 
substantially to high water tables and the salt, selenium, uranium, arsenic and other total dissolved 
solids concentrations in the Arkansas River Watershed. Targeted revegetation can create contiguity 
across native grasslands and riparian corridors and help rebuild the Central Shortgrass Prairie’s fragile 
ecological systems. 

 
A variety of analyses were conducted 
to examine alternatives. A Dry-Up 
Consideration Index identified 
acreage that included: (1) parcels not 
identified as the best farmland, and 
(2) parcels where revegetation efforts 
could be most impactful. The index 
identified 10,155 acres that qualified. 
Because much of this acreage falls on 
steep slopes and across riparian 
zones, and because some acreage is 
irrigated by wells, a subsequent 
analysis was used to estimate the 
amount of Bessemer-irrigated 
acreage within the DCA. Estimates 
place this number at 2,111 acres. 
Nineteen or fewer farmers own 55% 
of this acreage. Fallowing this land in 
lieu of CPA land can minimize 
impacts to the farm community. A 
second index, a Conservation Priority 

Index, identified areas of potential ecological significance—based on (1) grassland cover; (2) wetland 
conditions; and (3) riparian zones—with similar results. 9,653 acres qualified, at least 2,004 of which are 
Bessemer-irrigated. Eighteen or fewer farmers own 42% of this acreage. Fallowing this land in lieu of 
CPA land can maximize ecological benefits. Other analyses examined water quality management zones 
by looking at the potential for both surface and subsurface return flow contamination. 10,615 acres 
were identified as a high to critical contamination risk area. Pueblo Water purchased water on 1,917 of 
these acres. The other 8,698 acres (or, rather, the irrigated portions of such) offer opportunities to 
improve water quality in the Arkansas River and its tributaries if fallowed in lieu of CPA ground. Further 
research is warranted, as data for water quality analyses is limited. 
 

  

Figure H-1. One of many analyses conducted to identify potential water quality 
management zones, this analysis examines the risk potential for surface and 
subsurface selenium (Se) contamination combined with the potential for 
multiple contaminants to be transported through surface return flows in the 
proximity of major drainage networks. 
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Where could Pueblo Water 
acquire water that would not 
impact CPAs? A Dry-Up 
Consideration Index (Figure E-2) 
analyzes potential DCAs, 
identifying 10,155 acres that 
qualify. Because much of this 
acreage falls on steep slopes 
and across riparian zones, and 
some acreage is irrigated by 
wells, a conservative analysis 
was used to estimate the 
minimum Bessemer-irrigated 
acreage within the DCA. 
Estimates place this number at 
2,111 acres. A Conservation 
Priority Index (Figure F-4) 
identifies areas of ecological 
significance that could benefit 
from fallowing followed by 
ecological restoration. The 
results are similar. Preliminary 
analyses of water quality 
management zones indicate 
potential to improve water 
quality through strategic 
fallowing efforts, as well. 
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3. Further Considerations Warrant Attention 
Discussions with the Bessemer Ditch Irrigating Company reveal potential to aid or hinder water delivery 
to the ditch’s laterals based upon where water is removed from the system and where delivery 
continues to takes place. A balanced distribution across the three farm communities aids delivery 
management, while maintaining critical water volumes ensures delivery to laterals at the end of the 
ditch. Likewise, work with farmers reveals that strategic fallowing can aid farm management practices 
in ways not fully explored through the study—for example by consolidating ownership interests on 
certain laterals or by building more contiguous production units. Streamlined ditch management 
practices and more efficient production are both worthy outcomes to explore. Additional work with the 
ditch company and the broader community regarding ideal water delivery locations is needed. 
Nevertheless, the findings warrant several immediate recommendations. 
 

Recommendations 
1. Preserve the Best Farmland 
The first recommendation is to preserve the best farmland. This means maintaining, to the greatest 
extent possible, irrigation on farms in CPAs where Pueblo Water purchased water. While farmland 
ranking in the 75th percentile for protection priority can be considered from an implementation 
standpoint (3,617 acres), farmland ranking in the 90th percentile presents significant acreage with the 
potential to preserve a critical mass of the best production lands. Parcels in the 90th percentile span 
2,724 acres. Estimates are that just over 2,000 acres of irrigated land on these 2,724 acres are subject to 
fallowing through the Pueblo Water purchase.4 Maintaining irrigation on these lands can stem a buy-
and-dry tide of decline and build resilience in the farm community. As such, the study supports 2,000 
acres (slightly more than one-third of the land slated for dry-up) as an ambitious but appropriate 
preservation goal. 
 

2. Substitute Other Parcels for Dry-Up 
How will Pueblo Water secure the full yield from its purchase if irrigation is preserved on 2,000 acres? 
The second recommendation is to substitute other parcels for dry-up. With 2,000 to 3,000 acres better 
suited for permanent fallowing as indicated by the Dry-Up Consideration and Conservation Priority 
indices, and with additional acreage potentially available through more substantive water-quality and 
site-specific assessments, creating the ability to “move” water from DCA parcels to CPA parcels where 
Pueblo Water is currently leasing water back to farmers is essential. Qualifying DCA parcels through 
onsite vetting and ground-truthing activities will be a critical component of creating this ability to move 
water and substitute other parcels for dry-up. 
 

3. Enable Water Exchanges from DCAs to CPAs Through the Change Case 
Three processes presently or soon to be underway can either aid or hinder the ability to exchange water 
between parcels and substitute other parcels for dry-up. These include: (1) Pueblo Water’s Water Court 
change case; (2) the Bessemer Irrigating Ditch Company board approval process; and (3) Pueblo 
County’s 1041 permit process. The most critical of these is the Water Court Change Case. The other 

                                                        
4 For comparison, the Dry-Up Consideration Index identifies approximately 2,400 acres in the lowest quintile (meaning they are the least 
appealing to dry-up). Similarly this represents approximately 2,000 acres of irrigated land, where Pueblo Water now owns water rights.  
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processes influence the change case: the ditch board’s approval is required before the change case can 
be filed in Water Court, and 1041 permit process considerations often shape change case parameters.5 
 
Pueblo Water has chosen to pursue a parcel-specific, rather than a ditch-wide change case. A ditch-wide 
change case would quantify consumptive use for all ditch shares. It would provide an average 
consumptive use per share and could inherently facilitate water exchanges from substitute, DCA parcels 
to CPA parcels. Substitutions would operate on a share for share basis. By pursuing a parcel-specific 
change case, the Water Court decree sought by Pueblo Water will quantify consumptive use and 
augmentation requirements only for the shares it purchased. Unless the filing identifies substitute, dry-
up parcels, and quantifies the consumptive portion and augmentation requirements for Bessemer shares 
serving those parcels—an improbable scenario given the time required for such an effort and Pueblo 
Water’s readiness to file—exchanging water from substitute, DCA parcels to CPA parcels becomes a 
more challenging task. Unless Pueblo Water’s change case application is amended to accommodate 
future exchanges, a separate Water Court application will be required. The recommendation is to 
obviate the need for a separate Water Court application by establishing a procedure in Pueblo Water’s 
change case application through which dry-up substitutions can be executed via an administrative 
process managed by the Water Court at a later time. Legal precedent for such provisions exists; in fact, 
it exists on the Bessemer Ditch (District Court, Water Division 1, Colorado, Consolidated Case Numbers 
03CW47/ 06CW291, 2012, p. 34; District Court, Water Division 2, Colorado, Case Number 04CW08, 2009, 
p. 16-17). 
 
A Water Court administrative process would allow the community to submit substitute parcels over 
time, essentially drawing from what could be considered a “Dry-Up Bank”—a collection of DCA parcels 
whose owners have agreed to have consumptive use and augmentations requirements for those parcels 
quantified through engineering studies and entered into the Water Court decree, should they choose to 
participate in exchanges.6 Why are exchanges good for farmers and the community? There are 
numerous reasons. First, farmers irrigating DCAs who purchase CPA ground with leased water from 
Pueblo Water—can move their water to the CPA ground at the end of the lease period, improving yields 
and the value of their holdings. As demonstrated in the case studies, farmers looking to expand 
production gain a competitive advantage in the marketplace by engaging in these exchanges: they 
acquire quality production ground at below-market rates. Second, by enabling the exchanges, the Water 

                                                        
5 The Bessemer Irrigating Ditch Company bylaws contain what is referred to as a Catlin provision, which maintains that any stockholder 
seeking a change in water right must secure board approval before filing a Water Court application. Pueblo Water will therefore not file 
its change case without the ditch board’s approval, which cannot unreasonably be withheld. As such, the ditch board has influence on 
the shape of the Water Court filing. 
 
Colorado’s 1041 permit process authorizes local governments to regulate activities of state interest through a local permitting process—
including the development or expansion of domestic water supply systems. According to the State Attorney General’s office, “Local 
governments may not pass regulations that are completely prohibitive of the building of municipal water facilities and expansion of 
existing projects; rather, the Act allows the locality to require a permit with designated conditions prior to construction” (Stengel, 2009). 
Many water utility providers appropriating new supplies engage in 1041 permit processes prior to or simultaneous with their Change 
Case filing. Given that agriculture is one of six economic pillars in the county and Pueblo Water acquisitions have occurred across a 
limited area of nationally significant farmland, the 1041 permit process will likely require identification and mitigation of impacts in 
terms of how this agricultural-to-municipal water transfer unfolds. 
 
6 While no precedent exists for a Dry-Up Bank, the concept is similar to a water bank. Water banks typically pool supplies from willing 
sellers to serve broader agricultural, municipal, and environmental markets. A Dry-Up Bank would establish a similar market framework. 
It would identify potential water sellers; but, in this case, those sellers would be irrigators of lands that—if fallowed in lieu of CPA 
lands—would minimize impacts to the agricultural community and maximize ecological gains. 



 

 19 

NAVIGATING THE WAKE OF MUNICIPAL WATER SALES 
 

Court change case can encourage the growth of new markets for agricultural water, benefiting farmers 
who want to sell water but keep the agricultural community intact. This will not only improve a 
landowner’s ability to sell, it will increase the value of Bessemer shares for all shareholders. A Dry-Up 
Bank is really nothing more than a qualified list of landowners who have expressed interest in having 
exchange markets open to them so that they can either participate in exchanges or sell water (or land 
with water) to others who are participating in exchanges. As such, participation by a landowner in a 
Dry-Up Bank carries no obligation and no risk. The expenses of analyzing the parcel for inclusion in the 
Dry-Up Bank (e.g., consultations, on-site assessments, etc.) would be borne by another entity, as would 
the majority of engineering and legal expenses should an exchange (i.e., dry-up substitution) move 
forward. In sum, a Dry-Up Bank, as a platform that identifies properties with inherent exchange 
potential, can be a powerful tool to mitigate buy-and-dry impacts to the agricultural community and 
maximize ecological gains. 
 

4. Fallow Strategically and Pursue Fallowing Alternatives 
Per the terms of Pueblo Water’s dry-up covenants and revegetation agreements, once water is removed 
from farmland and native vegetation is reestablished, it can never again be reclaimed as farmland. It is 
questionable whether the goal of preserving 2,000 CPA acres utilizing water exchange frameworks 
established through a Dry-Up Bank can be accomplished in thirteen years. But it is equally unlikely, 
given that Pueblo is not a water-stressed city, that all lands where Pueblo Water purchased water will 
be fallowed at the end of the lease period. As such, Pueblo Water can do two things. First, it can (while 
considering the interests of 
farmers who wish to continue 
farming) fallow lands 
strategically, beginning with the 
1,772 acres identified in the top 
two quintiles of the Dry-Up 
Consideration Index. Prioritizing 
fallowing on these lands, where 
Pueblo Water owns and is leasing 
water, over CPA lands will 
minimize impacts to the 
agricultural community. 
 
Second, a variety of temporary or 
water-sharing agreements (such 
as lease renewals, rotational 
fallowing agreements, and/or 
irrigation efficiency installations) 
could supply Pueblo Water with 
water while precluding dry-up in 
CPAs. These are not permanent 
solutions (although the 1041 
permit process may impose 
mitigation requirements focused on permanent solutions), but they buy time for permanent exchanges 
to be negotiated using a Dry-Up Bank. Pueblo Water—having spent over $56 million on the acquisition 

Figure E-4. The top two quintiles of the Dry-Up Consideration Index on parcels where 
Pueblo Water purchased water. While considering the interests of farmers, Pueblo Water 
should fallow lands strategically, beginning with these 1,770 acres rather than the 2,700-
plus acres of CPA land identified in the Farmland Protection Priority analysis. 
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of 5,540 shares (most acquisitions were $10,150/share)—will seek to guarantee its full yield of 
consumable water for eventual use. Embracing temporary water-sharing agreements would not 
preclude this. Rather, it would create vehicles to lessen community impacts and promote goodwill. It 
may, in fact, by enabling Pueblo Water to be more community-minded in its fallowing approach, help it 
navigate the 1041 process more effectively.7 
 

Required Agency 
The ditch board approval process, the change case filing, and the 1041 permit process can make water 
exchanges and dry-up substitutions possible. Urgency to implement exchanges will be driven by the 
termination of leases and the activation of Pueblo Water’s dry-up covenants. What kind of agency will 
be required to establish a Dry-Up Bank and ensure exchanges function effectively so that substitute 
parcels can be fallowed? Several types of agents will likely be required: (1) an administrative agent; (2) 
conservation agents; and (3) market agents. 
 

Administrative Agent 
Any exchange of water from a DCA to a CPA will require coordination between property owners, the 
ditch company, and Pueblo Water. Water management will need to be addressed with the ditch 
company, as will revegetation prescriptions and changes in augmentation requirements with Pueblo 
Water. In a parcel specific change case, additional complexities will be presented by the fact that water 
will not be exchanged on a share-for-share basis, but rather on a pro-rata consumptive use equivalency. 
For example, it will require approximately 11 shares with a consumptive use history of 1.4 AF per share 
to replace 10 shares with a consumptive use history of 1.5 AF per share. (In most cases, it is anticipated 
that shares in DCAs will exhibit lower consumptive use histories than shares in CPAs.) An administrative 
agent can help coordinate activities between landowners, the ditch company, and Pueblo Water when 
exchanges take place, and ensure the right technical experts (e.g., water engineers, restoration 
ecologists, etc.) are consulted in the process. The administrative agent can also manage the important 
roles of other types of agents. 
 

Conservation Agents 
Conservation agents can play two critical roles that will enable a Dry-Up Bank to function. First, they 
can ensure permanence of effort. It makes little sense to spend time and money putting water back into 
CPAs only to have that water sold again in the near or distant future. Conservation agents (e.g., land 
trusts such as Palmer Land Trust, or special districts such as the Lower Arkansas Valley Water 
Conservancy District (LAVWCD)) can ensure the permanence of exchanges by placing conservation 
easements or deed restrictions on restored farmlands—tying the water to the land while enabling 
flexibility of use through leases and/or temporary exchanges. This should be a requirement of any 
water exchange. Second, conservation agents can compensate landowners financially. Conservation 
easement payments for irrigated land on the Bessemer Ditch provide financial incentives for exchanges 
to take place. They can reduce the cost of irrigated land for farmers while preserving important 
farmland for the community. At scale, these preservation activities build resilience, create greater 
predictability in the marketplace, and support long-term business decision-making. When, for example, 

                                                        
7 Irrigation efficiencies can also: (1) reduce the amount of replacement water needed for dry-up substitutions, and (2) reduce water 
quality risks on CPA lands where irrigation is retained. 
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agricultural industries such as equipment suppliers or distribution centers consider locating (or 
remaining or expanding) in the region, a protected land base provides long-term assurances of a stable 
business environment with a solid customer base. The same cannot be said of a region where one-third 
of the best production land is poised to be fallowed. 
 

Market Agents 
A Dry-Up Bank creates market opportunities that will not otherwise exist, but its effectiveness has to be 
measured by the volume of transactions it generates and the value it brings to the parties involved. The 
question is how to maximize this value and thereby amplify transactions. The answer is to bring to the 
table—in addition to the administrative agent, conservation agents, and farmers themselves—catalytic 
market agents, such as foundations, investors, lenders, and/or brokers. Philanthropic capital, private 
equity, and other sources of public and private funding can all play a role in retaining a resilient 
agricultural community. One way to deploy different types of market agents and aggregate different 
sources of capital is through the establishment of a Community Water Fund that pools resources and 
guides market activity—a fund that could be managed by the administrative agent. (For amplification, 
see Appendix 2.) 
 

Market Analysis 
The potential for market activity predicated on water exchanges is revealed in a market data report 
developed by McCarty Land & Water Valuation, Inc. McCarty analyzed 14 farm sales in Saint Charles 
Mesa, Vineland, and Avondale from 2011-2015, beginning the year after the Pueblo Water purchases 
were complete. The report places the value of high quality farmland with owned water at $12,000/acre. 
Sales on lower quality ground range between $6,151/acre to $10,320/acre. Half (seven) of the sales 
analyzed were sales with Pueblo Water leased water. Land with water leased from Pueblo Water was 
valued from $1,476/acre to $3,580/acre—producing a mean value of $2,544/acre. Without lease 
renewals or changes in zoning, these values will likely continue to decline as the lease period draws to 
a close. 
 
The market data reveal a potential value proposition in moving water from areas with lower quality 
production ground (DCAs) to areas with high quality ground (CPAs) where Pueblo Water owns water. For 
example, if one CPA acre (worth $12,000 with owned water) is purchased with Pueblo Water leased 
water for $2,500; and one DCA acre is purchased for $8,500 (for a total of $11,000); and the owned 
water is transferred from the $8,500/acre ground to the $2,500/acre ground, the purchaser now owns 
two acres, one of which alone (the one that has permanent water restored to it) is worth $12,000—
$1,000 more than the original investment. Furthermore, the acre that was originally worth $8,500 
possesses, in all likelihood, some enhanced non-agricultural market value if it is proximate to riparian 
or river corridors, hillside overlooks, or other scenic/natural attributes. (For amplification, see Appendix 
2.) 
 

Case Studies 
Three case studies were developed to test this value proposition: one with Palmer Land Trust, one with 
Rusler Produce, and one with DiSanti Farms. Palmer Land Trust is a conservation agent operating in the 
region. The lead for the Rusler Produce case study, Tom Rusler, is a Bessemer Irrigating Ditch Company 
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board member, the owner of Rusler Produce, and the Bessemer’s largest agricultural shareholder. The 
lead for the DiSanti Farms case study, Justin DiSanti, is a Bessemer Irrigating Ditch Company board 
member, owner of DiSanti Farms, and the region’s largest grower of Pueblo Chiles. These individuals 
participated in case studies to develop real-world scenarios that could test water exchange frameworks 
in light of their own organizational/business objectives. 
 

1: Palmer Land Trust 
The first case study asks how a conservation agent, such as Palmer Land Trust, if it had been active in 
the market during the 2011-2015 period, might facilitate the kinds of exchange strategies inherent in 
the Dry-Up Bank concept. It examines the fourteen sales and two listings from the market analysis in 
light of the Dry-Up Consideration Index to see what exchanges would have been possible. It then runs 
the numbers for relevant exchanges as though Palmer Land Trust had been the purchaser of the 
properties. The most obvious exchange is between a listed DCA property (80 acres with 73-owned 
Bessemer shares, ranking in the second highest quintile for dry-up priority) and a CPA sale property 
(79.32-acres with 86 shares of leased water from Pueblo Water, ranking in the lowest quintile for dry-up 
priority and scoring in the 90th percentile rank for Farmland Protection Priority). How would the 
conservation agent fare if it had acquired both properties, facilitated an exchange of water from the 80-
acre DCA property to the 79.32-acre CPA property and then disposed of both properties? 
 
The case study examines only land and water values—not improvement values. Based on property and 
soil characteristics and interviews with farmers, the land and water value of the 80-acre listed property 
is estimated at $8,500/acre or less. However, because the list price is much higher than the estimated 
value, the case study is predicated on a sale price of $9,500/acre. The land value of the 79.32-acre CPA 
property with leased water was $2,143/acre at the time of sale. (The actual sale price was $2,512/acre, 
which reflects the value of structures and improvements.) 

 
 

The two properties considered in the 
Palmer land trust case study are 
overlaid on the Dry-Up Consideration 
Index. The top two quintiles (dark and 
light green parcels) are more ideally 
suited for dry-up than the lowest 
quintile (red parcels). The 80-acre 
DCA property with 73 owned shares is 
outlined in the white circle to the 
lower right. The 79.32-acre CPA 
property with 86 shares of leased 
water from Pueblo Water is outlined 
in the white circle to the upper left. 
Had Palmer land trust been an active 
player in the market, purchasing both 
properties, and exchanging water 
from the DCA property to the CPA 
property, it would be poised to realize 
a net gain of $177,805 in property 
value. 
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In this scenario, Palmer Land Trust would have acquired the 80-acre DCA property for $760,000 and the 
79.32-acre CPA property for $170,000—a purchase price of $930,000 for both properties. What would 
the value of properties be after the water exchange was made? Two calculations were run: one 
assuming Palmer maintains the Pueblo Water lease after the exchange (enabling irrigation on the 80-
acre DCA property for 13 years before its water is transferred to the 79.32-acre CPA property) and one 
assuming that the 80-acre DCA property is dried up immediately following the exchange. A range of 
post-water-transfer values were assigned to the two properties based on market analysis findings: 
anticipated values, lower-than-anticipated values, and higher-than-anticipated values.8 The outcome 
with Pueblo Water lease continuation, using anticipated values, is a revised value of $1,107,805 for 
both properties—a net gain of $177,805. Without Pueblo Water lease continuation it is $972,755—a net 
gain of $42,755. If the 79.32-acre CPA property is resold with a conservation easement, values of that 
property would likely be reduced by $215,614 (a 25% diminution), reducing the net to $-37,809 with a 
lease continuation and $-172,859 without a lease continuation. The cost to Palmer Land Trust is 
significantly less than if it purchases a conservation easement on a comparable property—because of 
the offset created by the appreciation in value after the water transfer. If Palmer maintains the Pueblo 
Water lease, holds and leases both properties for 10 years, then sells both properties following a water 
exchange, even with a conservation easement on the 79.32-acre CPA property the anticipated net gain 
is $164,534 and could be as high as $485,967.9 
 

2: Rusler Produce 
The second case study involves the region’s largest agricultural water shareholder, Rusler Produce. With 
irrigated holdings spanning more than 1,000 acres in both DCAs and CPAs, and with Pueblo Water 
acquisitions surrounding various Rusler production units, the case study examines the potential for the 
Ruslers to acquire CPA parcels where Pueblo Water owns water, move water from existing production 
units to those parcels, and reclaim lands which are better suited for permanent fallowing and grassland 
restoration. Many CPA parcels where Pueblo Water now owns water are owned by farmers that have 
grown or continue to grow crops for Rusler Produce—a fact that underscores the manner in which buy-
and-dry impacts don’t just affect the production potential of the water seller; they also affect producers, 
packers, and distributors who depend upon a critical mass of production ground to serve their business 
needs. 
 
Eight Rusler parcels were considered for their exchange potential. A 565-acre production area with dry-
land pasture and approximately 150 acres of irrigated land (containing three of the eight parcels) was 
selected for the case study. While other parcels ranked higher on the Dry-Up Consideration and 
Conservation Priorities indices, this area was chosen for two reasons: 
 

1. High groundwater tables, natural drainage patterns, and contiguity to native grasslands make 
this a promising area for grassland restoration. According to Pueblo Water, Front Range water 
utilities budget as much as $1,100/acre for grassland restoration in this region, but the cost can 
be as low as a couple hundred dollars per acre given the right circumstances and conditions 

                                                        
8 Post-water-transfer values assigned to the 80-acre DCA property (anticipated/lower than anticipated/higher than anticipated) were 
$2,450/$1,400/$3,500 per acre with leased water and $600/$200/$1,000 per acre without leased water; to the 79.32-acre CPA property 
they were $12,000/$10,000/$14,000. 
9 Holding costs—taxes, insurance, shareholder dues, water-lease fees, maintenance, management, etc.—were considered in addition to 
lease revenues. Anticipated leasing revenues on the 79.32-acre CPA property were estimated at $175/acre; on the 80-acre DCA property 
at $125/acre. Anticipated annual appreciation rates were calculated at 3%. 
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(Alan Ward, Personal Communication, December, 2016). While further analysis is warranted, the 
cost-savings potential for Pueblo Water given these numbers could be as high as $45,000 on a 
50-acre reclamation area if Pueblo Water was to shift dry-up covenant provisions from land that 
is difficult to reclaim to land more suitable for reclamation. 

2. For the same reasons (high groundwater tables and drainage patterns), the Ruslers were looking 
at tiling this land to improve productivity. A tile drainage system is an engineered drainage 
system that removes excess groundwater in order to improve growing conditions. It involves a 
significant capital investment. If, instead, the Ruslers were to move water from this area to 
better production ground where Pueblo Water owns water, they could eliminate the tiling 
capital cost and still improve production yields. 

 
With these reclamation and production goals in mind, the Rusler case study developed a hypothetical 
water exchange model predicated on the following: 
 

1. Move 50-60 shares from one parcel in the 565-acre production unit to the Dry-Up Bank. 
2. Sell the 565 acres and the remaining 90-100 shares; or sell a conservation easement on the 565 

acres, encumbering the remaining shares, and continue to farm this area. 
3. Use the proceeds to acquire a CPA parcel where Pueblo Water currently owns water, if and 

when one of these parcels becomes available, and move 50-60 shares from the Dry-Up Bank to 
that parcel. 

4. Sell a conservation easement on the CPA parcel once permanent water has been restored. 
 
Multiple CPA parcels where Pueblo Water now owns water, ranging in size from 40-80 acres, were 
identified as potential acquisitions in the case study. Many of these parcels rank in the highest category 
for Farmland Protection and the lowest quintile for Grassland Revegetation Suitability—meaning they 
are exceptional production lands, not ideally suited to reclaim as native grasslands. 

   

 
The majority of irrigated production 
lands owned by Rusler Produce fall 
within the white circle. The 565-acre 
production unit that is the focus of 
the case study falls within the yellow 
circle. The concept is to move water 
from this 565-acre Dry-Up Candidate 
Area to parcels within the white circle 
where Pueblo Water has purchased 
water—if and when they come up for 
sale. As illustrated by the Farmland 
Protection Priority Map, these 
represent some of the most important 
production lands in the Avondale 
community. 
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Using current market rates for conservation easement purchases of irrigated land being paid by 
LAVWCD ($2,500/acre), an easement sale on the irrigated portion of the 565-acre production unit alone 
would net $232,500. Estimated costs of CPA parcels in need of 50-60 shares ranged from $187,402 to 
$349,552, with an anticipated cost based on the McCarty analysis zeroing in at $268,477. Selling an 
easement on this CPA property with water restored would net an estimated $168,575, producing an 
anticipated net gain of $132,598 for the Ruslers. Of all the case studies, the Rusler Case study 
demonstrates the greatest value proposition for the landowner. In addition to a net income gain, it 
provides them with better production ground, no loss of irrigated land, and new pastureland—cost-
effectively reclaimed by Pueblo Water. 
 
Numbers were run using higher and lower easement payments from different conservation easement 
holders, and the potential to encumber the full 565-acre production unit with a conservation easement 
was also explored. Considering these additional variables, anticipated, worse-than-anticipated, and 
better-than-anticipated outcomes were examined. These indicate a potential, worst-case-scenario net 
loss of $66,169 and a potential, better-than-anticipated net gain of $334,274. (Transaction costs were 
not included in the calculations.) Even the worst-case scenario—a $66,169 loss—represents 
considerable less expense than a capital investment focused on tiling land; and the same outcomes are 
achieved: expanded Rusler holdings, increased production potential, potentially reduced reclamation 
costs for Pueblo Water, better ecological outcomes for the community, better production ground 
retained permanently in agriculture. 
 

3: DiSanti Farms 
The third case study involves DiSanti Farms, one of the region’s long-standing green chile and 
vegetable growers. The case study examines how water exchanges facilitated by market agents such as 
a Community Water Fund and conservation agents looking to protect CPA land could benefit the DiSanti 
family. Unlike the Rusler case study, it examines the complexities (and higher costs) involved in 
facilitating water exchanges from parcels in DCAs (where Bessemer shares are expected to exhibit a 
lower consumptive use) to parcels in CPAs (where shares are expected to exhibit a higher consumptive 
use). 
 
DiSanti family production areas are dispersed throughout Saint Charles Mesa and Vineland. The case 
study focused on a production unit in the Vineland area comprised mostly of leased ground. Leases are 
short-term (5-year) leases, which limit the family’s ability to make long-term business and/or production 
decisions. The production unit is surrounded by parcels where Pueblo Water owns water—most of which 
fall into the lowest quintile for dry-up consideration and the 90th percentile for Farmland Protection 
Priority. The objectives of the family examined in the case study include: 
 

1. Expand operations in this area. 
2. Increase business stability by balancing the ratio of fee to leased ground. 
3. Shift reliance from alkaline soils near the Bessemer Ditch to better ground surrounding the 

current production unit. 
 
Unlike the Rusler case study, the DiSantis have limited water to transfer to CPA parcels, so the case 
study is premised on an acquisition of water through a Community Water Fund (see Appendix 3). In 
total, the Community Water Fund serves five purposes in the case study: 
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1. Acquire water from DCA parcels—either through the purchase of shares or the purchase of 

farms with shares (as was done by Palmer Land Trust in the first case study). 
2. Facilitate the exchange of water based on pricing established according to: (1) consumptive 

use; (2) the number of shares acquired from a particular DCA parcel; and (3) the Conservation 
Priority Index rating of the DCA parcel from which water is being removed. For the purpose of 
the case study, water purchase rates ranged from $6,750/share (slightly higher than the current 
market rate paid for Bessemer shares by the Saint Charles Mesa Water District) to $9,258/share. 
Water resale rates are the same as the purchase price unless the Community Water Fund 
finances a property acquisition, in which case they are offered at a discount, which ranges from 
$6,000/share to $7,750/share depending upon the original purchase price. 

3. Facilitate the exchange of conservation easement payments based on a sliding scale 
determined by: (1) Farmland Protection Priority ranking, and (2) farm size. The range of 
easement payments is $2,500/acre (the amount generally paid by the LAVWCD for easements in 
this area) to $3,163/acre. (For amplification regarding 2 and 3, see Appendix 3.) 

4. Operate as (or in conjunction with) a lender, financing the acquisition of CPA parcels with 
restored water. 

5. Operate as an investor in land and water exchanges—looking, where possible, to produce a 
return on investment—acquiring, holding, and disposing of land and water assets. 

 

 
Two case study scenarios were generated. The first runs calculations for both a 50- and 150-acre CPA 
acquisition by the DiSantis, wherein the family purchases water at cost and pays the Community Water 
Fund an administrative fee to help facilitate the transfer. The second runs calculations for the same 
acquisitions; but this time, water is purchased at a discount, and the family finances the purchases 
through the Community Water Fund. The case study assumes a DCA purchase greater than 50 acres will 
be required to supply the DiSanti’s with water for the 50-acre purchase, and a DCA purchase greater 

A DiSanti production unit outlined in 
white is composed primarily of leased 
ground. The yellow circle outlines 
proximate, high-quality farmlands 
(dark green parcels outlined in black) 
poised to be fallowed by Pueblo 
Water. The case study focuses on 
expanding operations in this area, 
balancing the ratio of fee to leased 
ground, and shifting reliance from 
alkaline soils near the Bessemer Ditch 
to better ground in the area. The case 
study indicates that exchange 
frameworks supported by easement 
purchases would make it possible to 
acquire ground formerly worth 
$11,500/acre for as little as 
$6,389/acre and likely not more than 
$8,292/acre—with water permanently 
restored. 
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than 150-acres will be required to supply water for a 150-acre purchase. The study uses the 79.32-acre 
listing from the market analysis to model the 50-acre DCA purchase and triples its size to model the 
150-acre DCA purchase. $9,000/acre is used as the DCA acquisition cost (again, only land and water 
values are considered; improvement values are not considered). The two scenarios examine a variety of 
potential financial outcomes for the Community Water Fund based on whether it finances the DiSanti 
acquisition or not, and based upon whether it acquires the 79.32-acre DCA property in fee (allowing it 
to hold, lease, and resell the property), or whether it just purchases water from the property to facilitate 
the exchange. Anticipated, worse-than-anticipated, and better-than-anticipated outcomes are run 
through every component of each scenario. Finally, because conservation easement payments are used 
to facilitate the acquisitions, comparisons of acquisition costs for the DiSantis are made against 
conservation easement purchases on property that does not require a water exchange. 
 
The anticipated, unencumbered value of the CPA properties purchased by the DiSantis (with water 
restored to them) is $11,500/acre. The per-acre cost without Community Water Fund financing 
calculated in the case study is $8,030 for 50 acres and $8,292 for 150 acres (the latter reflects a higher 
cost of water born by the Community Water Fund). The per-acre cost with discounted water and 
Community Water Fund financing is $6,664 for 50 acres and $6,389 for 150 acres.10 The comparable 
value of similar conservation-easement-encumbered property not requiring a water exchange is 
$8,050/acre. As such, the case study demonstrates great value for the DiSantis. How did the Community 
Water Fund fare? The results show it makes little difference whether the fund finances the DiSanti 
acquisition or not because, in the model, the earned interest is offset by discounting the sale of water. 
The greatest income potential exists when the fund operates as a real estate investor—acquiring the 
DCA parcel in fee, leasing the ground for the duration of the Pueblo Water lease period, and selling off 
the needed water to supply to the CPA exchange. Holding the property for ten years, anticipated 
revenues for the 150-acre exchange (after property management expenses) were in the $270,000 range 
(an annual rate of return of 1.05%) while better than anticipated revenues were calculated at 
$1,350,000 (an annual rate of return of 4.92%). 
 

Next Steps 
The case studies demonstrate the promise of exchange frameworks. Exchange frameworks can generate 
positive business outcomes for farmers and, at scale, protect an irrigated land base that is the 
foundation of an entire economic sector for the county and the heart and soul of a revered way of life in 
Saint Charles Mesa, Vineland, and Avondale. The immediate challenge is to ensure the change case 
makes exchange frameworks possible. 
 
Other long-term challenges will need to be addressed as the effort unfolds. CPA lands are selling with 
much greater frequency than DCA lands; and smaller portions of parcels in DCAs are irrigated than in 
CPAs—where consumptive use is also higher. In addition, the total amount of DCA land is limited. A Dry-
Up Bank with 6,000 irrigated acres (much more than is likely available along the Bessemer reach) 
creates greater opportunity for exchanges with more competitive pricing than a Dry-Up Bank with 2,000 
to 3,000 acres (the amount estimated available through this study). Outside variables also come into 
play. If Pueblo Water renews leases on CPA ground for twenty-plus years rather than for shorter periods, 
it could raise the price of CPA land, making exchanges more difficult. Changes in zoning could also 

                                                        
10 Calculations were run using an 80% financed, 20% down, 15-year fixed mortgage at 3.9%. 
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open new markets for dry ground that currently do not exist—disadvantaging exchanges by creating 
new value for farmland conversion (extraction, subdivision, etc.). And then there are implementation 
questions as well—for example, the extent to which a Community Water Fund would be a player in the 
real estate market, actually purchasing land and water interests (potentially competing in the market 
with farmers), verses being a facilitator of exchanges that are negotiated between Dry-Up Bank 
participants and farmers looking to purchase water. 
 
These are not insurmountable challenges. There is a demonstrated minimal land base to make a Dry-Up 
Bank feasible. Initial successes with exchange frameworks can incentivize participation; and a 
Community Water Fund can incentivize DCA land and water sales in much the same way that Pueblo 
Water’s entry in to the market incentivized water sales (there were still willing sellers at the door when 
Pueblo Water left the market—now water is trading as low as $6,500/share). More DCA opportunities 
may be revealed through additional analysis, as was the case in the Rusler case study. Furthermore, 
while shorter-term lease renewals on CPA ground may be more advantageous to the concepts advanced 
herein, the idea is not to disadvantage or punish water sellers. On the contrary, the same exchange 
frameworks can help them restore value to their property and the community—just as maintaining A2 
agricultural zoning through the period of exchange ensures remaining farms and restored farms are not 
damaged by incompatible forms of adjacent land use. 
 
Given the opportunities and challenges, what next steps are recommended? There are five: (1) engage 
in change case negotiations; (2) launch a community outreach process; (3) formalize a cross-sector 
working group; (4) establish a backbone organization; and (5) secure financial commitments for 
development and implementation. 
 

1. Engage in Change Case Negotiations 
The ditch board approval process and the Water Court change case are quickly taking shape. Pueblo 
Water desires to file the change case application in 2017. Engineering studies are complete, and a 
related river exchange case (different from the types of exchanges described in this report) has been 
filed, which will allow for the efficient reuse of some Pueblo Water supplies following the transfer of 
Bessemer shares. 
 
It is not reasonable to secure the participation of DCA landowners and determine consumptive use and 
augmentation requirements of DCA parcels prior to the change case filing; but it is possible to establish, 
within the filing itself, a procedure by which this could be done at a later point in time. This kind of 
action, which maintains flexibility regarding future land-use scenarios, would save substantial expense 
in facilitating future water exchanges, as a new Water Court application would not have to be filed. The 
movement of water and substitution of dry-up parcels could be done within the context of an existing 
decree—with the prior approval of both Pueblo Water and the Bessemer Irrigating Ditch Company. 
Including a provision enabling dry-up on substitute parcels in the Water Court application (and 
ultimately in the change decree), with the proviso that Pueblo Water maintains its yield for municipal 
purposes, would benefit Pueblo Water as it would obtain support in the Water Court from those entities 
seeking to maintain viable commercial agriculture under the Bessemer, and it will be looked on 
favorably by Pueblo County. Pueblo County must issue a 1041 permit before Pueblo Water can remove 
water from farms. RMFU, PLT, Pueblo County officials and members of the farm community should 
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engage Pueblo Water on this matter given where Pueblo Water stands regarding its change case 
preparation and the due diligence and effort it has already expended.11 
 

2. Launch a Community Outreach Effort. 
Simultaneously, RMFU, PLT, and/or members of the farm community should launch a community 
outreach effort. Community outreach is needed to ground-truth Dry-Up Bank potential. Multiple 
objectives should be considered in an outreach effort; these include: 
 

1. Gauge the desire to tackle the difficult task of altering buy-and-dry, business-as-usual practices. 
County officials, farmers, and others engaged in this study have expressed this desire. Does that 
desire exist on a broader scale? 

2. Share and discuss the findings of this report, specifically the concept of water exchanges 
facilitated through a Dry-Up Bank. Use the case studies to demonstrate how these exchanges 
could work in ways that benefit individual farmers and the community at large. 

3. Target landowners with DCA properties in outreach efforts, but invite all Bessemer shareholders 
to bring ideas to the table (including CPA owners with leased water who may be interested in 
exchange potential). The case studies reveal that exchange potential is not limited to DCA 
parcels identified in the landscape analysis. It is likely that many properties not identified in 
DCAs could qualify for Dry-Up Bank inclusion and, if employed in exchange frameworks, 
minimize the impacts of buy-and-dry. These opportunities should be explored. 

4. If landowners are interested or potentially interested in participating in a Dry-Up Bank, vet the 
on-the-ground potential. A small team of conservation professionals, including soil scientists, 
water quality experts, restoration ecologists, and/or conservation finance experts, can gauge 
potential based upon established criteria sets and by conducting site visits to evaluate lands 
against those criteria. 

5. Assemble a list of owners willing to participate in a Dry-Up-Bank and a catalogue of parcels 
that have been vetted for inclusion. Assuming the change case establishes an administrative 
procedure by which DCA parcels can be identified at multiple points in time for participation in 
a Dry-Up Bank, the concept can be implemented in stages—with a limited number of parcels 
included in a pilot effort to demonstrate proof of concept, which can incentivize greater 
participation over time. 

 
Once these undertakings are complete, implementation will require engineering and legal due diligence 
to initiate exchanges through the Water Court administrative process. 
 

3. Formalize a Cross-Sector Working Group 
A cross-sector working group should be established to guide Dry-Up Bank development and exchange 
framework implementation. The working group should be composed of champions for the effort, but, at 
the same time, it must include neutral and/or reticent parties whose engagement is critical to the 
process. For example, Pueblo Water is reticent to take on the potential costs and liabilities involved in 
pursuing new approaches to buy-and-dry impact mitigation—even if those approaches can benefit the 

                                                        
11 In May, 2017, a month following the issue of a draft comment copy of this report, the stakeholder group secured a pledge from Pueblo 
Water to include this provision in the change case—a development deemed in shareholders best interest by the Bessemer Irrigating 
Ditch Company Board (Bessemer Irrigating Ditch Company, board meeting, April 13, 2017). Language, terms, and conditions were being 
finalized at the time of report completion. 
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community and help the organization navigate the 1041 process more effectively. The approaches are, 
after all, untested. The Bessemer Ditch board—being composed of water sellers, domestic water 
providers, and agricultural water users—represents a more diverse, and hence neutral, party. Though the 
board as a whole deemed the concept of exchanges beneficial to shareholders (Bessemer Irrigating 
Ditch Company, board meeting, April 13, 2017), it is focused on the immediate task of ensuring 
shareholders are kept whole and uninjured as the change case is pursued, and that the ditch will 
continue to function effectively with lower water rates and volumes. 
 
Therefore, the political will to seek alternatives necessitates development of a cross-sector working 
group where the expertise and resources of Pueblo Water and the ditch company can be employed, but 
where local champions for change drive solutions in light of community interests that compel 
appropriate action. A working group should include core stakeholders engaged in this study: Pueblo 
Water, Pueblo County (planning and/or economic development department staff—commissioners may 
have to sit out due to restrictions imposed upon them as a result of the quasi-judicial 1041 process), the 
Bessemer Irrigating Ditch Company, RMFU, and PLT. Representation from groups peripherally involved 
should also be considered: Colorado State University’s Water Institute and Arkansas Valley Research 
Center, the Lower Arkansas Valley Water Conservancy District, the Arkansas Basin Roundtable, the 
Colorado Water Conservation Board, and supporting foundations. But most importantly, the working 
group needs to include local champions. Political will must be carried by members of and advocates for 
the farm community. 
 

4. Establish a Backbone Support Structure 
A well-resourced backbone support structure is needed to facilitate and support the engagement of the 
cross-sector working group, undertake the substantial work involved in developing and managing a Dry-
Up Bank, and oversee a wide range of activities and political and community engagements essential to 
shaping buy-and-dry alternatives. The support structure may start out as an informal working group of 
consultants, but it should—as quickly as possible—morph into a more formal operating entity or 
organization that assumes the role of administrative agent. This backbone organization will require: 
 

1. A paid leader with the requisite skills and experience to facilitate the participation of a great 
many groups and individuals with varying capabilities; this person must be able to engender a 
commitment to engage in joint fact finding as part of a consensus building process. 

2. Funds for technical and scientific experts (consultants, engineers, attorneys, restoration 
ecologist, etc.) and, potentially, administrative or staff support. 

3. Funds for implementation, beginning with (at a minimum) funds for pilot projects—which can 
test exchange frameworks and demonstrate proof of concept (Susskind, 2013). 

 
An existing champion for this effort, such as RMFU or PLT, will be needed to facilitate the 
establishment of the backbone organization. It may continue to serve as the organization’s fiscal agent. 
But to effectively manage the efforts of the cross-sector working group, the backbone organization 
should operate autonomously.12 It should not be beholden to the interest of a single group member; 
rather, it should advance a mission, vision, goals, and objectives focused on general aims. Examples of 
the mission, vision, goals, and objectives a backbone organization might adopt include: 

                                                        
12 If mitigation payments from Pueblo Water (such as payments in lieu of taxes) are negotiated as part of the 1041 permit process, those 
payments should also be considered when it comes to financing the work of the cross-sector group and backbone organization. 
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MISSION: Facilitate an optimal regional transformation in light of Pueblo Water’s 

appropriation of agricultural water rights. 
 
VISION:  A resilient and prosperous agricultural community with opportunities for 

specialization and growth; a water-secure metropolis—attractive for business and 
residence; innovative water management practices that benefit farms, cities, and 
natural systems. 

 
GOALS: 1. Maintain irrigation in CPAs. 

2. Guarantee municipal water yields. 
3. Create new land access opportunities for farmers. 
4. Enhance ecological systems when fallowing takes place. 

 
OBJECTIVES: 1. Develop a Dry-Up Bank. 

2. Serve as the administrative agent for water exchanges facilitated through the 
Dry-Up Bank, managing all necessary due diligence. 

3. Consolidate resources that can make this effort successful—assuming the role 
of a Community Water Fund or similar such entity. In other words—in addition 
to serving as the administrative agent—manage the other types of agency 
outlined in this report: conservation agency, market agency, etc. (Branding 
efforts for the backbone organization can emphasize this role; for example: The 
Bessemer Water Innovation Group.) 

4. Continue to investigate fallowing alternatives (e.g., lease extensions, irrigation 
efficiency installations, and water sharing efforts such as rotational fallowing) 
that can achieve the mission, vision, and goals outlined herein. 

5. Engage in related processes such as 1041 permitting, comprehensive planning, 
and new economic initiatives pertaining to agriculture. 

 

5. Secure Financial Commitments 
Community outreach, the establishment of a backbone support structure, and the due diligence required 
to guide the development of a Dry-Up Bank requires reliable sources of funding. Ideally, this means 
multi-year commitments contingent upon annual benchmarks. For example, a foundation pledging a 
three-year funding commitment may stipulate that funding for year two will be contingent upon the 
success of community outreach during year one and a sufficient number of DCA landowners committing 
to enrollment in a Dry-Up Bank. With these types of contingencies in mind, long-term funding should 
target: 
 

1. Salaries and/or fees for the leader of the backbone organization and a complement of technical 
and scientific experts who can undertake specific activities that serve the needs of the Cross-
Sector Working Group. 

2. Community outreach. 
3. Costs to vet DCA parcels for inclusion in a Dry-Up Bank—including funds for onsite analysis and 

funds for more extensive, longitudinal research (for example: the manner in which strategic 
fallowing can improve water quality). 
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4. Legal and engineering expenses required for analyzing consumptive use and augmentation 
requirements of lands included in a Dry-Up Bank. 

5. Implementation funds to initiate exchange frameworks. These must cover administrative costs, 
conservation easement payments, and real estate acquisition and/or transaction costs. It seems 
reasonable for implementation funds to first target one or more pilot efforts. 

 

Conclusion 
Colorado agricultural-to-municipal water transfer precedent is for cities to remove water from, fallow, 
and reclaim the parcels that were subject to their purchase. While some exceptions to this precedent 
exist (District Court, Water Division 1, Colorado, Consolidated Case Numbers 03CW47/ 06CW291, 2012, 
p. 34; District Court, Water Division 2, Colorado, Case Number 04CW08, 2009, p. 16-17), those 
exceptions have not been backed by a strategic framework designed to facilitate community and 
landscape transformations that significantly mitigate buy-and-dry impacts, result in the retention of a 
resilient agricultural base, and radically improve environmental and ecological conditions across the 
landscape. The concepts advanced in this report—Dry-Up Bank, water exchanges, substitute parcels (in 
many ways synonymous with each other)—are the strategic vehicles to make these transformations 
possible. Informed by landscape analysis and economic research, and vetted by farmers in real-world 
case studies, successfully navigating the wake of municipal water sales is possible, provided these 
vehicles are driven by community interest and abetted by Pueblo Water cooperation before, during, and 
after the change case. 
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1. Landscape Analysis 
The landscape analysis was developed by GeoAdaptive, LLC and Sourav Kumar Biswas under the 
direction of ICS. Ten analyses were conducted, some of which have interrelated components. Eight are 
included as appendices: Farmland Protection Priority, Drainage Network Index, Riparian Corridor 
Management Zones, Grassland Revegetation 
Suitability, Dry-Up Consideration Index, 
Conservation Priority Index, Water Quality Risk 
Index, and Water Quality Management Zones. Two 
are not included: Center Pivot Suitability and 
Rotational Fallowing Priority. These two analyses 
were developed to inform the report 
recommendation to “fallow strategically and pursue 
fallowing alternatives.” They provide a starting 
point to examine opportunities for ATMs but 
require additional vetting, as project resources 
shifted to focus on strategies that ensure Pueblo 
Water its full yield of consumable water in 
preparation for its Water Court change case, 
something ATMs will not do. 
 
Analyses are rated across a confidence spectrum 
ranging from low to high based on data availability, methodology, and stakeholder feedback. In some 
cases, lower confidence ratings are due to a single limiting factor (e.g., data availability). All eight of the 
analyses possess factors that merit some degree of confidence either in the approach or the results or 
both at the landscape level. 
 
 !

Analyses focusing on ATMs, such as Center Pivot Suitability 
Considerations for CPAs where Pueblo Water owns water, are 
still being vetted. 
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A.!Farmland!Protection!Priority!
 
The methodology for Farmland Protection Priority was developed by studying farmland protection 
programs across the country—most of which assess intrinsic soil capability as well as adjacency with 
compatible land uses. The factors and their corresponding weights were derived from case studies as 
well as consultation with local stakeholders—including farmers, conservation planners, and decision 
makers. Since there is significant precedent for this methodology and precedent for utilizing similar 
factors, the results of the Farmland Protection Priority analysis can be used with a high degree of 
confidence.13 
 

 
 
Methodology 
 
The Farmland Protection Priority results combine two indices—a Productivity Index and a Clustering 
Index—through a weighted overlay, a geo-processing tool that combines multiple factors into a single 
output based on the weights assigned to each factor. The result of the weighted overlay is a “raster” or 
gridded dataset representing continuous data on the landscape, in which each cell or pixel is ranked 

                                                        
13 See: Porter et al, 2013; Tulloch et all, 2003; Machado et al, 2003; Land Information & Computer Graphics Facility, 2000; and USDA 
Economic Research Service, 2012. 

Figure A-1 
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with a discrete value of 3 (high priority), 2 (medium priority), or 1 (low priority). The “Raw Values” map 
(see Figure A-1) represents the output of this process. To assign a protection priority value to each 
parcel, a mean for all the values of the pixels within a specific parcel is calculated. In this case, the 
values are represented or classified in five categories using a percentage value of the mean to the 
highest possible rank (3) (see Figure A-2). As such, all parcels with a value of 2.7—or 90% of the highest 
possible rank—are assigned the highest priority for farmland protection (see figure A-2). 
 

 
 
 

Productivity Index (weight in the Farmland Protection Priority analysis: 55%). Three factors were 
considered in the Productivity Index: 
 
Prime Farmland (see Figure A-3; weight in the 
Productivity Index: 35%). Prime Farmland is a 
designation given to soils by NRCS using data 
collected by the National Resources Inventory (NRI). 
As per the USDA Handbook, Prime Farmland is 
defined as: “Land that has the best combination of 
physical and chemical characteristics for producing 
food, feed, forage, fiber, and oilseed crops and is also 
available for these uses. It has the soil quality, 
growing season, and moisture supply needed to 
produce economically sustained high yields of crops 
when treated and managed according to acceptable 
farming methods, including water management. In 
general, prime farmlands have an adequate and dependable water supply from precipitation or 
irrigation, a favorable temperature and growing season, acceptable acidity or alkalinity, acceptable salt 
and sodium content, and few or no rocks. They are permeable to water and air. Prime farmlands are not 
excessively erodible or saturated with water for a long period of time, and they either do not flood 
frequently or are protected from flooding“ (Soil Survey Staff, 1993). 
 

Figure A-2 

Figure A-3 
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In the study area, the following classifications for Prime Farmland were found within the SSURGO 
Dataset—a database containing maps and tabular data about soil information as collected by NRCS: 

F Prime Farmland if irrigated: assigned highest value of 3 
F Prime Farmland with conditions (if prevented from flooding and if erodibility factor is not too 

high due to slope): assigned medium value of 2 
F Not Prime Farmland: assigned lowest value of 1 

 
Irrigated Land Capability (see Figure A-4; weight in 
the Productivity Index: 45%). Land Capability is 
another designation given to soil groups by NRCS 
that classifies soils according to their limitations for 
field crops, the risk of damage if used for agriculture, 
and how they respond to management. They are 
categorized into Class I through Class 8 where the 
higher number indicates greater limitations. Irrigated 
Land Capability specifically classifies soils where the 
limitation of an arid climate is removed by permanent 
irrigation. Since agriculture in the study area is 
sustained purely by irrigation infrastructure, the 
Irrigated Land Capability classification was used 
rather than Land Capability. In the study area, the following classifications for Irrigated Land Capability 
were applied from the SSURGO Dataset: 
 

F Class 1 soils (very few limitations that restrict use): assigned highest value of 3 
F Class 2 soils (moderate limitations that restrict use and choice of plants): assigned medium 

value of 2 
F Class 3 – 8 soils (severe limitations that restrict the choice of plants or make them unsuitable 

for cultivation): assigned lowest value of 1 
 
NDVI Summation (see Figure A-5; weight in the 
Productivity Index: 20%). In lieu of an extensive 
survey and review of annual production records, a 
proxy was developed to identify lands that have been 
productive over time. Since Prime Farmlands and 
Irrigated Land Capability do not account for changes 
in land-use, the NDVI summation identifies areas in 
which no vegetation or crops have grown. NDVI 
Summation utilizes 12 years of multi-spectral aerial 
imagery captured by the Landsat NASA program to 
identify areas that have had healthy vegetation and 
crops; data from late-July through August, from 2000 
– 2015 was collected. 2006 and 2012 were discarded 
because of cloud cover over the study area. 2002 and 2013 were excluded because the region 
experienced extreme drought during those years. NDVI or Normalized Difference Vegetation Index is a 
graphic indicator to assess whether an area contains live green vegetation or not. The indicator is 
derived by utilizing the near infrared and red spectrum of light from the Landsat data in an equation 

Figure A-4 

Figure A-5 
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that returns values between -1 to 1. This data is classified in the following way to separate cultivated 
crops from grasslands from areas without any vegetation: 
 

F 0.5 to 1 indicates robust vegetation or crops: assigned highest value of 3 
F 0.2 to 0.5 indicates grass, sparse vegetation, or senescing crops: assigned medium value of 2 
F -1 to 0.2 indicates dry vegetation or barren land: assigned lowest value of 1 

 
Clustering Index (weight in the Farmland Protection Priority analysis: 45%). Two factors were 
considered in the Clustering Index: 
 
Adjacency Index (see Figure A-6; weight in the 
Clustering Index: 65%). This factor identifies whether 
parcels are adjacent to or surrounded by highly 
productive parcels, so that clusters of highly 
productive parcels can be identified for protection 
priority. To achieve this, the raster results from the 
Productivity Index were averaged into the parcels. 
The parcels with the highest quintile of mean values 
were selected to represent highly productive parcels. 
All the parcels in the study area were evaluated by 
their adjacency to a highly productive parcel. 
Adjacency Index was classified in the following way: 
 

F Parcels surrounded by 4 or more highly productive parcels: assigned highest value of 3 
F Parcels adjacent to 1 to 3 highly productive parcels: assigned medium value of 2 
F Parcels not adjacent to any highly productive parcel: assigned lowest value of 1 

 
Size Index (see Figure A-7; weight in the Clustering 
Index: 35%). This factor accounts for sizeable 
agriculture properties whose loss as a CPA could have 
an outsized impact. Thus, the Size Index was 
classified on a relational basis with respect to the 
average size of all agricultural lands within the study 
area. The average size of all agricultural parcels was 
found to be 21 acres. 
 

F Parcels 5 times greater than the average (105 
acres and more): assigned highest value of 3 

F Parcels greater than average but less than 5 
times (21 – 105 acres): assigned medium 
value of 2 

F Parcels less than average (Equal or less than 21 acres): assigned lowest value of 1 
 
  

Figure A-6 

Figure A-7 
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Results 
The results show the presence of a cluster of high quality farmlands in three distinct mesas or regions: 
(1) between the City of Pueblo and the Saint Charles River, (2) between the Saint Charles River and Six 
Mile Creek, and (3) between Six Mile Creek and the Huerfano River (see Figure A-8). Small parcels 
characterize section 1, because of a process of suburbanization extending eastward from Pueblo. 
Section 2 represents the largest cluster of high quality soils and productive farms, spanning almost the 
entire extent of land between the Ditch, Arkansas River, Saint Charles River, and Six Mile Creek. Section 
3 is narrower due to the extended floodplain of the Arkansas in this area. Low priority parcels fall over 
areas in which farming is more difficult, like the tributary corridors, the Arkansas River corridor and 
floodplain, and lands adjacent to the Bessemer Ditch. Nearly 60% of the parcels currently leasing from 
Pueblo Water are in the top two Rankings for Farmland Protection Priority (see Figure A-9). 
 

 
 
  

Figure A-8 
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 !
Figure A-9 
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B.!Drainage!Network!Index!
 
By understanding the proximity of parcels to primary drainage channels, parcels that pose runoff, 
sedimentation, and/or contamination risks to drainage networks can be identified and assigned a risk 
value. This analysis identifies the set of parcels overlapping with drainage networks corresponding to 
the Arkansas River, Saint Charles River, Six Mile Creek, and Huerfano River. 
 
Methodology 
The hydrological network was calculated using a 10m resolution Digital Elevation Model (raster or 
gridded dataset with continuous data). The calculation was done for neighboring HUC 12 Basins, and 
corrected based on the National Hydrography dataset by the USGS. A geoprocessing tool was run to 
compute the distance from each cell on the landscape to all the hydrological features. All the distance 
values, measured in feet, within a specific parcel were averaged to assign a final distance value at a 
parcel level. Parcels were ranked using a quintile classification. The closest distance is represented by 
the lowest quintile in the dataset. (See figures B-1 and B-2.) 

 
  Figure B-1 
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Results 
The results identify parcels proximate to primary drainage channels and can be used to support on-site 
studies near tributaries when prioritizing fallowing and reclamation efforts (see Figure B-2). Further 
studies—which consider, in addition to drainage network proximity, the velocity and paths of sub-
surface and surface return-flow as vectors of pollutants in the irrigated area—are needed. The identified 
parcels in the lowest quintile (closet proximity to streams) over the tributaries were used in a 
subsequent analysis to identify riparian management considerations within each parcel over the 
riparian corridor (see Appendix 1-C). 
 

 
  Figure B-2 
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C.!Riparian!Corridor!Management!Zones!
 
Inefficiencies induced by flood irrigation from the Bessemer Ditch significantly alter hydrological and 
ecological regimes. Excess water not absorbed by crops travels as a return flow via surface or sub-
surface runoff, concentrating and transporting naturally occurring pollutants—such as salt, selenium, 
uranium, and arsenic—as well as applied chemicals from farm operations. Return flows from agricultural 
activities around the Saint Charles River and Six Mile Creek were found to contribute between 10% to 
20% of the Selenium in the Arkansas River, (Divine & Gates, 2006). This analysis identifies areas where 
the riparian corridor function can be optimized, thereby improving the environmental benefits from 
riparian buffers to water quality and biota. Buffers work as filters for pollutants and sediments 
transported via surface or sub-surface runoff. They also function as landscape corridors for local species, 
providing habitat connectivity. This analysis assigns specific management regimes to the riparian zones 
within each parcel across both banks of the Arkansas River’s three tributaries in the study area. 
 
Methodology 
The analytical methodology was developed by studying riparian buffer and conservation management 
frameworks related to agricultural conservation and watershed planning. These frameworks are tested 
methodologies currently used by NRCS. Approaches from three main sources were revised and applied 
in this study: Moore, Grayson, & Ladson, 1991; Tomer & Isenhart, 2003; and Porter, Tomer, James, 
Boomer, Kostel, & McLellan, 2013. The literature emphasizes the environmental function of a buffer can 
be preserved and/or enhanced by selecting for the following criteria: 
 

1. Where overland flows are contributed from large upslope areas and pass across riparian areas 
as distributed or sheet flows. 

2. Where, for the purpose of removing contaminants, local slopes are relatively flat, slow flow 
velocity, and encourage infiltration and sediment trapping as water crosses the buffer. 

 
The studied methodologies use a derived compound topographic index called a Topographic Wetness 
Index (TWI) to highlight the two conditions. This index identifies riparian cells that have both large 
upslope contributing areas and low slopes. Moore et al. have found a correlation between TWI and the 
spatial distribution and size of zones of saturation or variable source areas for runoff contribution. In 
this regard, depending on the TWI values, each riparian section within each parcel can be assigned a 
management regime. Porter et al. classifies management regimes by cross-classifying TWI values with 
the width of the riparian zone and shallow water table areas. Generally, large TWI values and wide 
riparian zones are best suited for pollutant removal, whereas low TWI values and narrow riparian zones 
can be managed for bank stabilization. This analysis uses a modified classification from Porter et al. 
using: (1) TWI values, and (2) Local Width of the Riparian Zone within each parcel. The methodology 
considers three steps: 
 

1. Definition of Sub-Drainage Areas of Analysis. This step defines sub-drainage areas and 
identifies the irrigated lands within. Sub-drainage areas for each of the three tributaries are 
defined by the intersection of: HUC 12 Basins ∩ HUC 12 Basin area between the Ditch and the 
Arkansas River ∩ Irrigated Area. Additionally, individual management zones are identified on a 
per-parcel basis on each side of the bank (see Figure C-1). 
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2.1 TWI Calculation (see Figure C-2). This step calculates the TWI for each of the sub-drainage 
areas using a 10m resolution Digital Elevation Model, which allows the derivation of slope, flow 
direction, and accumulation. Values are calculated and trimmed using the extent of the riparian 
zones, which are the areas where management regimes can be implemented. Mean TWI values 
are incorporated to individual management zones within each parcel. TWI is defined by the 
equation ! = !" !"

!"#$ , where: 
- W: Topographic Wetness Index 
- As: cumulative up-slope contributing area 
- tanB: local surface slope 
 

 

Figure C-1 

 Figure C-2 
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2.2 Width of Riparian Zone. This step computes perpendicular transects to the stream axis every 25 

feet from the edge of the riparian corridor. This allows for the evaluation of the width of the 
riparian zone on each side of the stream bank: east and west. Due to stream bends, some 
transects can become outliers for riparian width (e.g., running parallel to the riparian zone till it 
hits the riparian edge), incorporating a width that is not representative. A median has been 
selected as a preferred central tendency measure when incorporating width values to individual 
management zones within each parcel (see Figure C-3). 

 

 
 
 
3. Cross-classification. In this step, TWI values and width values in each management zone are 

cross-classified using differential thresholds that represent distinctive management regimes 
(see figure C-4): 

a. In areas where water flow is more intense and/or can be intercepted by a wider riparian 
zone that encourages nutrient removal by plants, management regimes include: 
- Intensified Nutrient Uptake: planting strategies with perennial species that are 

tolerant of and remove pollutants, such as Nitrogen and Selenium. 
- Diversified Vegetation: planting strategies with riparian species assemblages for 

nutrient and water uptake. 
b. In areas where water flow is less intense and/or can’t be intercepted by substantial 

riparian zone area, management regimes include: 

Figure C-3 
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- Sediment Trapping: use of stiff-stemmed grasses for sediment accretion. 
- Deep Rooted Vegetation, Stream Shading, Stabilization: use of deep rooted 

vegetation, shrubs and/or trees that prevent bank erosion and sedimentation of 
water bodies downstream. 

 
Results 
The analysis provides an understanding of the amount of riparian zone area and percentage of riparian 
to total parcel area for each parcel in the three tributaries (sub-drainage analysis areas). This 
information can be used to calibrate the relative contribution that parcels and owners could have in 
managing water quality through conservation practices. Additionally, it identifies conservation practices 
or regimes to be applied at the parcel level. Parcels with similar regimes can be grouped and managed 
together as a single project. 

 
 
 

General characteristics of tributaries: 
 
Saint Charles River. The Saint Charles River is the largest sub-drainage area. This tributary presents, as 
well, the widest riparian corridor impacted by Bessemer return flows when compared to Six Mile Creek 
(a smaller tributary) and the Huerfano River (where flows have impacts limited to the west bank alone). 
Sediment trapping is the recurrent management regime across the river corridor. Intensified nutrient 

Figure C-4 
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uptake is identified predominantly in major river bends as the tributary approaches the Arkansas River. 
The considerable width of the riparian corridor in this tributary and continuity of management regimes 
offers promising opportunities for coordination between farmers and conservation agencies.  
 
Six Mile Creek. Six Mile Creek is the second-largest sub-drainage area, but presents the narrowest 
riparian corridor of the three tributaries. It presents a mix of management regimes across the riparian 
corridor. Narrow riparian buffers, representative in this tributary, can be further investigated to evaluate 
erosion levels and calibrate the appropriate management regime. 
 
Huerfano River. The Huerfano River is the smallest sub-drainage area, as the analysis only considers the 
west bank (since there are no lands influenced by Bessemer irrigation on the east bank). Due to lack of 
water-rights data, the identified parcels (many of which are irrigated by wells) may not be affected by 
return flows from Bessemer Ditch irrigation. Therefore further examination is required to understand 
potential surface/sub-surface runoff to the Huerfano River. The tributary presents wide portions of 
riparian zone. Most of it is identified for nutrient removal, indicating large TWI values and low slopes. 
 
Disclaimer: management regimes need to be calibrated and evaluated at parcel scale and corroborated with 
on-site examinations involving farmers, conservation agencies, and soil-conservation/riparian scientists. Due 
to the limitations of this study, site-specific investigations couldn’t be performed. The results are indicative 
and valid at a landscape level scale. TWI values need to be complemented with return-flow studies at a 
parcel level, particularly in the Huerfano, since, due to a lack of water-rights data, it is uncertain that parcels 
are contributing return flows from the Bessemer Ditch. It can be safely assumed that for both the Saint 
Charles River and Six Mile Creek, parcels are contributing returns-flows from Bessemer Ditch water. 
 
 !
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D.!Grassland!Revegetation!Suitability!
 
The establishment of native species on formerly irrigated land is a difficult task because of the extent 
to which the soil is disturbed and the remnant of historic nitrogen inputs that encourage the growth of 
weeds. One of the major tasks is to increase the level of organic carbon and maintain a layer of cover 
crops that suppress the growth of weeds and provide a base for the establishment of native species. 
The selection of species and revegetation strategies has to be tailored to local soil texture, nutrient 
content, pH levels, and previous growth regimes. This information can only be obtained by on-site soil 
sampling and no precedents exist for a landscape level analysis to identify areas suitable for grassland 
revegetation in the context of irrigated lands. The Grassland Revegetation Suitability analysis, 
therefore, cannot assess where revegetation efforts will be more successful. Rather it: (1) creates a 
proxy to identify the most disturbed soils, where restoration could be difficult; (2) considers areas less 
suitable for agriculture (e.g., cultivated land on steep slopes) that could be targeted by restoration 
efforts; (3) takes into account conditions that support the growth of grass/grassland species (e.g., soil 
carbon content); and (4) supports ecological goals that can be met by replacing irrigated farmlands with 
grasslands (e.g., buffering riparian corridors). 
 
Methodology 
The Grassland Revegetation Suitability analysis is derived from the same workflow as was used in the 
Farmland Protection Priority analysis, where a weighted overlay of multiple factors resulted in a Raw 
Values map (see Figure D-1) whose mean values were extracted into the parcels. However, the final 
suitability classification of the Grassland Revegetation Suitability analysis uses quintiles rather than a 
percentage of the highest rank.14 Since there were no precedents for a landscape-scale analysis of 
grassland suitability within an irrigated area, the analysis attempts to incorporate two different issues 
within the multi-criteria framework. The first issue is to identify areas with the intrinsic capability to 
support the growth of grass and grassland species. To do this, three factors were identified: the extent 
of grass or grassland cover over the last six years, the organic carbon stock within the topsoil layer, and 
a proxy to identify which areas have experienced greater soil disturbance and nitrogen input due to 
agricultural activity. The second issue is to identify areas that could be candidates for revegetation 
simply because they are unsuitable for agriculture. The analysis considers slope and the extent of 
wetland cover over the last six years. Revegetation efforts in these areas could be subsidized by some 
form of payments for ecosystem services because of the conservation values inherent in them. 

                                                        
14 Consulted sources include: DiNatale Water Consultants & Colorado State University, 2013; Neely, Kettler, Horsman, Pague, Rondeau, 
Smith, Grunau, Comer, Belew, Pusateri, Rosenlund, Runner, Sochi, Sovell, Anderson, Jackson & Klavetter, 2006; USDA Farm Service 
Agency, 2015. 
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Factors 
 
Grass Cover Duration (see Figure D-2; weight: 20%). 
This factor utilizes the Crop Data Layer dataset 
produced by the National Agricultural Statistics 
Service (NASS) of the USDA. NASS provides 
information on the type of crops as well as other land 
cover conditions in the form of a raster dataset at 
30m ground resolution. All 30m cells marked as 
“grasslands” or “shrublands” were selected from the 
years 2009 - 2015, overlaid, and counted to reveal 
which areas were consistently labeled as grass cover 
over six years. The existence of persistent or 
intermittent grass cover demonstrates the suitability 
of the land to support grass species and helps to 
identify areas that are contiguous to permanent grassland habitats. 
 

Figure D-1 

Figure D-2 



 

 54 

NAVIGATING THE WAKE OF MUNICIPAL WATER SALES 

F Cells with grass cover between 4 – 6 years: assigned highest value of 3 
F Cells with grass cover between 1 – 3 years: assigned medium value of 2 
F Cells with no grass cover: assigned lowest value of 1 

 
Soil Organic Carbon Stock (see Figure D-3; weight: 
15%). This factor utilized soil data from the SSURGO 
dataset that measured the organic carbon content 
within the first 30cm of the soil layer. Native 
grassland species are more likely to establish in 
places where the Carbon-Nitrogen ratio is high (i.e., 
the carbon content to support the growth of grass 
species is high and the nitrogen content, which 
supports the growth of weeds, is low). Soil Organic 
Carbon Stock is measured in grams per cubic 
centimeter. 
 

F Highest quantile of Carbon Stock: assigned 
highest value of 3 

F Medium quantile of Carbon Stock: assigned medium value of 2 
F Lowest quantile of Carbon Stock: assigned lowest value of 1 

 
NDVI Summation as a Proxy for Soil Disturbance (see 
Figure D-4; weight: 25%). Similar to the use of NDVI 
in Farmland Protection Priority, NDVI values from 14 
years are averaged out to identify areas that have 
been most intensively farmed. High values of NDVI 
can be understood to have had consistent vegetation 
and farming activity. Intensive irrigated farming 
disturbs the soil, creating a degraded condition that 
must be remediated before the land can support 
native grassland species. Consistent nitrogen input 
through fertilizers also creates a low carbon to 
nitrogen ratio, which inhibits the growth of grassland 
species. In lieu of spatial data that indicates the 
extent of farming activity or nitrogen levels in soils, 
the NDVI summation is used as a proxy to indicate highly disturbed soils. 
 

F -1 to 0.2 indicates dry vegetation or barren land: assigned highest value of 3 
F 0.2 to 0.5 indicates grass, sparse vegetation, or senescing crops: assigned medium value of 2 
F 0.5 to 1 indicates healthy vegetation or crops; in an arid area, this is an indication of irrigated 

farming activity: assigned lowest value of 1 
 
Slope (see Figure D-5; weight: 15%). This factor utilizes a 10m-resolution digital elevation model to 
determine the slope and identify areas of high slope that are unsuitable for irrigated agriculture but can 
support grassland cover. Since grassland revegetation is consistently difficult across the landscape, the 

Figure D-4 

Figure D-3 
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slope factor helps identify areas that can be selected for revegetation or grassland habitat enhancement 
due to the unsuitability of high slope lands for agriculture. 
 

F Medium slope (Between 0.3 – 3 degrees) is 
less suitable for furrow, sprinkler, and drip 
irrigation but can support all native grassland 
species: assigned highest value of 3 

F Steep slopes (Greater than 3 degrees) is 
highly unsuitable for agriculture, and select 
grassland species: assigned medium value of 
2 

F Flat areas (Less than 3 degrees) is suitable for 
all forms of irrigation, therefore the best use 
is in retaining farming on these lands: 
assigned lowest value of 1 

 
Wetland Cover Duration (see Figure D6; weight: 15%). 
This factor utilized the Crop Data Layer dataset 
produced by NASS. NASS provides information on the 
type of crops as well as other land cover conditions in 
the form of a raster dataset at 30m ground resolution. 
All 30m cells marked as “herbaceous wetlands” and 
“woody wetlands” were selected from the years 2009 
through 2015, overlaid, and counted to reveal areas 
consistently labeled as wetland cover over six years. 
The existence of persistent or intermittent wetland 
cover shows existing wetland habitats and 
demonstrates the potential of conservation efforts to 
create successful wetland habitats. There are many 
federal and state level programs that subsidize the transformation of working lands into conservation 
areas if there are wetland habitats present. Indication of these habitats suggests that revegetation 
efforts could be subsidized through different forms of ecosystem service payments. 
 

F Cells with wetland cover between 4 -6 years: assigned highest value of 3 
F Cells with wetland cover between 1- 3 years: assigned medium value of 2 
F Cells with no wetland cover: assigned lowest value of 1 

 
Results 
The analysis discourages revegetation across the irrigated mesas, where farm operations on relatively 
flat lands suitable for flood irrigation, combined with disturbed soil conditions, support maintaining the 
current land use regime. Areas with greater suitability for grasslands are identified along river corridors, 
adjacent to consolidated grasslands south of the Bessemer Ditch, and around areas where wetlands 
have been persistent over time. The Ditch, irrigation practices, and low-lying areas contribute to the 
presence of wetlands at the head of Six Mile Creek, and across a major bend in the ditch just to the east 
of this area. These locations, in addition to areas located on tributary corridors and along the Arkansas 
River flood plain, are attractive from an ecological restoration standpoint (see figures D-7 and D-8). 

Figure D-5 

Figure D-6 
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Figure D-7 

Figure D-8 
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E.!Dry!Up!Consideration!Index!
 
The Dry-Up Consideration Index identifies areas where fallowing is less likely to affect agricultural 
production capacity. It highlights parcels to consider for full or partial dry-up, which negate the need to 
fallow the most productive or potentially productive farmlands identified in the Farmland Protection 
Priority analysis. The index also highlights areas suitable for reclamation according to factors identified 
in the Grassland Revegetation Suitability analysis (see Figure E-1). 
 
Methodology 
The Dry-up Consideration index combines values from an inverted Farmland Protection Priority with 
values from Grassland Revegetation Suitability. The index is inversely proportional to Farmland 
Protection Priority and directly proportional to Grassland Revegetation Suitability. This means higher 
values in Farmland Protection lead to a lower dry-up index score. Similarly, higher values in Grassland 
Revegetation Suitability lead to higher dry-up index score. Scores from the two analyses are factored 
and combined, assigned to parcels in the data set, and classified in quintiles. 

 
 
 

Since much of the land identified in the top two quintiles is not cultivated (dry lands, natural areas, 
wetland areas etc.), an estimation of irrigated and non-irrigated land is calculated across parcels in the 
top two quintiles where Pueblo Water does not own Bessemer shares. This was done by: 
 

F extracting slopes not suitable for agriculture, 
F extracting riparian corridor zones,  
F extracting parcels along the Huerfano River assumed to be irrigated by wells, and  
F extracting NDVI values indicative of dry vegetation or barren land. 

 
This conservative estimate places the amount of land being farmed in this area (DCA) at approximately 
2,111 acres—an amount that can be considered for inclusion in a Dry-Up Bank (see Figure E2). 

Figure E-1 
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Results 
The resulting index (see Figure E-3) gives a preliminary understanding of how the least disruptive dry-
up can be managed. As Pueblo Water decides to terminate or renew leases, the Dry-up Consideration 
Index can guide decision-making by targeting parcels in the highest quintiles (see Figure E-4). If 
demand requires parcels in lower quintiles to go dry, the index highlights were substitutions can be 
made and water exchanges facilitated—allowing irrigated water to be removed from non-leasing 
parcels that fall in the higher quintiles (see Figure E-2). The results of this analysis should not be 
interpreted as a definitive dry-up priority, but can certainly be used as a guide for DCA consideration 
and/or inclusion in a Dry-Up Bank. 
 

 

Figure E-2 

Figure E-4 
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 !Figure E-3 
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F.!Conservation!Priority!Index!
 
The Conservation Priority Index identifies areas with high ecological value. Cultivated land in these 
areas, when fallowed, offers opportunities to reclaim ground for the purpose of restoring native 
ecologies. Unlike the Dry-Up Consideration Index, the Conservation Priority Index considers neither the 
location of farms nor the ranking of farms in the Farmland Protection Priority analysis. Rather, it solely 
identifies DCAs based on the ecological benefits that can be achieved through revegetation. 
Nonetheless, the results are similar to the Dry-Up Consideration Index—indicating that maintaining 
irrigation in CPAs and restoring important ecological areas are mutually compatible endeavors. 
 
Methodology 
The Conservation Priority Index presents a score based upon the percentage of area within parcels 
defined by: (1) grassland cover, (2) wetland conditions, and (3) riparian zones. The results of the index 
are presented in quintiles. Parcels in the higher quintiles have the highest conservation value based on 
the presence of ecological assets. While the index gives a general value, the percentage area of an 
individual factor can be ranked to reveal parcels that are particularly relevant for specific conservation 
objectives, such as grassland conversion, wetland habitat enhancement, or riparian buffering. Tables in 
the digital package provided to RMFU can be used for this purpose. 
 
Factors 
 
Percentage Area of Parcel with Grassland Cover (see 
Figure F-1). Using the NASS Crop Data, all cells 
marked as “grasslands” or “shrublands” were selected 
from the years 2009 – 2015, overlaid, and counted to 
reveal which areas were consistently labeled as grass 
cover over six years. The existence of persistent or 
intermittent grass cover demonstrates the suitability 
of the land to support grass species and helps identify 
areas that are contiguous to permanent grassland 
habitats. Only the cells with grass cover between 4 – 
6 years of duration were extracted to determine areas 
of persistent grass cover. 
 

F Cells with grass cover between 4 – 6 years: assigned highest value of 3 
F Cells with grass cover between 1 – 3 years: assigned medium value of 2 
F Cells with no grass cover: assigned lowest value of 1 

 
Percentage Area of Parcel with Wetland Conditions (see Figure F-2). Wetland areas are typically 
delineated using three factors: the presence of wetland vegetation, the presence of hydric soils, and 
suitable hydrological conditions. Without the availability of hydrological conditions data, the first two 
factors were assessed. The cells representing wetland cover of at least four to six years duration and 
soil units with 90 to 95% of hydric soils were extracted to determine persistent wetland conditions. 
 

Figure F-1 
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1. Using the NASS Crop Data, all cells marked as ‘herbaceous wetlands’ and ‘woody wetlands’ were 
selected from the years 2009 - 2015, overlaid, and counted to reveal which areas were 
consistently labeled as wetland cover over six years. The existence of persistent or intermittent 
wetland cover confirms the presence of wetland vegetation. 

 
F Cells with wetland cover between 4 – 6 

years: assigned highest value of 3 
F Cells with wetland cover between 1 – 3 

years: assigned medium value of 2 
F Cells with no wetland cover: assigned 

lowest value of 1 
 

2. Using SSURGO soil data, the hydric soil 
attribute was used to identify the percentage 
of hydric soil conditions as a percentage area 
of the spatial unit of the dataset. Hydric soil 
is a soil that has developed sufficient 
conditions of saturation or flooding during 
the growing season to support the growth of 
hydrophytic plants and wetland species. 

 
F Soil units with 90% and 95% hydric soil: assigned highest value of 3 
F Soil units with 5% and 10% hydric soil: assigned medium value of 2 
F Soil units with no hydric soil: assigned lowest value of 1 

 
Percentage Area of Parcel in Riparian Zone (see 
Figure F-3). This calculation utilizes the results from 
the Riparian Corridor Management Zones analysis. 
Since only tributaries were examined in this analysis 
and not the Arkansas River itself, consideration 
should be given to the fact that parcels along the 
Arkansas River actually rank higher for conservation 
priority than indicated by the results of this index. 
 
Once results were finalized, since much of the land 
identified in the top two quintiles is already in a 
natural (i.e., uncultivated) state, an estimation of 
irrigated and non-irrigated land was calculated across 
parcels in the top two quintiles where Pueblo Water does not own Bessemer shares. This was done by: 
 

F extracting slopes not suitable for agriculture, 
F extracting riparian corridor zones,  
F extracting parcels along the Huerfano River assumed to be irrigate by wells, and  
F extracting NDVI values indicative of dry vegetation or barren land. 

 

Figure F-2 

Figure F-3 
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This estimate places the amount of land being farmed in this DCA at approximately 2,004 acres—an 
amount that can be considered for inclusion in a Dry-Up Bank (see Figure F-4). Because tributary 
corridors weighed more heavily in this analysis than the Arkansas River corridor, additional priority 
lands along the Arkansas would likely produce a DCA greater than 2,004 acres. 

 

 
 

Results 
The irrigated mesas of the study area are surrounded by a shortgrass prairie ecosystem with a few 
parcels contiguous to the grasslands south of the ditch and many parcels showing intermittent or 
continuous establishment of grass or grassland species. The perennial flow of water through a winding 
Bessemer Ditch creates saturated soil conditions—especially along the ditch bends—that have led to 
the creation of wetland habitats. The mesas are divided by three tributaries and bounded by the 
Arkansas River to the north, creating four riparian corridors clearly highlighted by the top two quintiles 
of the index. Thus, there are several conservation goals that can be met by strategically transitioning 
irrigated farmlands to revegetated habitats of which the index addresses at least three: grassland 
habitat creation, wetland habitat protection/enhancement, and riparian buffering. Revegetation efforts 
could be subsidized by federal or state programs that support efforts at increasing grassland area, 
protecting wetland habitats, or enhancing riparian buffering. This index complements the Dry-Up 
Consideration Index; parcels with high values in both indices can help meet Pueblo Water yield 
requirements without harming productive farmlands, while offering benefits in conservation (see figures 
F-5 and F-6). 
 

Figure F-4 
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 !

Figure F-5 

Figure F-6 
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G.!Water!Quality!Risk!Index!(Se)!
 
Flood irrigation can transport pollutants—such as salts, nitrogen, selenium, arsenic, and uranium—via 
surface and subsurface return flows. This analysis provides an example of additional research that can 
address water quality problems by examining the presence of risk factors at the landscape level. The 
focus of the analysis is on selenium (Se) loading into the hydrological system. It considers a set of 
factors that have been found to influence Se loading. Data on local Se transport, while abundant east of 
the study area, is limited along the Bessemer reach. As such, the confidence rating in the findings is 
low. The index is presented as an example of water quality considerations that warrant further research. 
The index also presents a methodology for how water quality factors can be considered at the 
landscape level—to inform permanent fallowing, rotational fallowing, or irrigation efficiency 
installations that can mitigate Se loading. 
 
Methodology 
The methodology for the Water Quality Risk Index was developed by reviewing studies dealing with 
selenium loading in irrigated systems. The studies measure concentrations in different landscape 
systems—such as irrigated farmland, tributary streams, and urban areas—and examine different 
geophysical and chemical factors that affect Se loading. The studies required longitudinal 
measurements (in-stream samples, well samples, core samples, biota testing, etc.) to reach to solid 
correlations between Se loading and factors like land uses, irrigation and management practices, and 
variables such as climate and soil conditions. Longitudinal measurements are limited along the 
Bessemer. Therefore, an expedited approach that considers a combination of factors to geographically 
detect areas that can potentially contribute to Se loading is needed. These susceptible or potential-risk 
areas can be investigated by looking at the factors that, through extended research, have been found to 
contribute to selenium mobilization. The USGS study, Areas Susceptible to Irrigation-Induced Selenium 
Contamination of Water and Biota in the Western United States (Seiler, Skorupa, & Peltz, 1999), provides 
an approach that serves as model for this analysis. The selected factors and their corresponding weights 
were derived from the research and consultation with NRCS staff, hydrological engineers, and water 
quality experts. 
 
The Water Quality Risk Index is a multi-criteria analysis that combines four factors through a weighted 
sum—a geo-processing tool combining multiple factors into a single output based on the weights 
assigned to each factor. Unlike a weighted overlay, a weighted sum allows incorporation of a gradient 
of decimal values necessary to capture greater landscape variability related to the factors. The result of 
the weighted sum is a “raster” or gridded data set representing continuous data on the landscape, in 
which each cell is ranked with a discrete value between 3 (high risk), 2 (medium risk), and 1 (low risk). 
The Raw Values map (see Figure G-1) represents the output of this process. To assign a value to each 
parcel, a mean for all the values of the pixels within a specific parcel is calculated. In this case the 
values are classified in quintiles, with the highest quintile (close or equal to 3) representing the highest 
risk. 
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Factors 
 
Groundwater Level (see Figure G-2; weight: 50%). 
Water levels were extracted from the most recent 
Arkansas Basin Decision Support System (DSS) data. 
Water level in each well is measured as the water 
elevation from mean sea level. A continuous 
groundwater level raster, representing risk levels, was 
created with values between 1, 2, and 3 as follows: 
 

F Shallow/higher risk (-20 – 0cm): value of 3 
F Medium/medium risk (-46 – 20cm): value of 2 
F Deepest/lower risk (-229 – 46cm): value of 1 

  

Figure G-1 

Figure G-2 
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Geology Index (see Figure G-3; weight: 25%). This is a compounded index that assigns risk values to 
cells in the landscape based on two factors: 
 

1. A geologic layer, which considers: 
F alluvial (low risk or value 1), 
F gravel (medium risk or value 2, due to its 

aerated or oxic conditions which facilitate 
mobile forms of Se), and  

F shale (high risk or value 3, since it is a 
known source of Se).15 

 
2. Distance from Pierre Shale layer, which 

assigns a range of values from 1 to 3, 3 being 
the closest distance range or higher risk 

 
Both factors are combined into a risk gradient with the following break values: 

F High Risk: value 3 
F Medium Risk: value 2  
F Low Risk: value 1 

 
NDVI Summation (see Figure G-4; weight: 15%). A 
proxy was developed to highlight lands that have 
been highly productive over time, indicating potential 
larger return-flow contributions. NDVI Summation 
utilizes 14 years of multi-spectral aerial imagery 
captured by the Landsat NASA program to identify 
areas that have had healthy vegetation and crops 
during the growing season of late-July through 
August. Data from the years 2000 – 2015 was 
collected. 2006 and 2012 were discarded because of 
cloud cover over the study area. NDVI is a graphic 
indicator to assess whether an area contains live 
green vegetation or not. The indicator is derived by 
utilizing the near infra-red and red spectrum of light from the Landsat data in an equation that returns 
values between -1 to 1. This data is classified as follows: 
 

F 0.5 to 1 indicates potential higher return flow contribution (healthy crops or higher 
productivity): assigned highest value of 3 

F 0.2 to 0.5 indicates medium return flow contributions (grass, sparse vegetation, senescing crops, 
or medium productivity): assigned medium value of 2 

                                                        
15 Gates advises: “Se-bearing tertiary marine shale formations make up a substantial portion of the relatively impermeable underlying 
bedrock of the irrigated valley. In some locations shale or weathered shale residuum is near the ground surface or outcrops from the 
surface. Both the bedrock and near-surface shales may dissolve in the presence of oxidized flows. They are most susceptible to 
dissolution when they lie along the groundwater hydraulic gradient in the path of significant subsurface irrigation return flows. Hence, 
the "distance from Shale rock layer" must be carefully defined and its influence assessed in relation to groundwater contours, aquifer 
hydraulic properties, and recharge sources” (Gates, Personal Communication, November 10, 2016). 

Figure G-3 

Figure G-4 
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F -1 to 0.2 indicates negligible return flow contribution (dry vegetation, barren land, or low/no 
productivity: assigned lowest value of 1 

 
Low weight was given to NDVI since, as a proxy for return flows, it has inherent limitations. For 
example, irrigation efficiencies (e.g., center pivot or drip irrigation systems) can increase productivity 
(thereby raising NDVI) while substantially decreasing return flows; and areas subject to inefficient 
irrigation can possess saline high water tables, contributing to soil salinity and waterlogging which 
diminishes crop growth and yield (thereby lowering NDVI). Nonetheless, as a proxy for return flows, 
NDVI has a measure of validity across much of the flood-irrigated land served by the Bessemer. 
 
Slope (see Figure G-5; weight: 10%). This factor 
captures ravine formations and stream/river corridors, 
which are more likely to incentivize surface or sub-
surface runoff, with potential mobilization and 
contribution of pollutants to the hydrologic system. 
Slope is calculated using a 10m x 10m digital 
elevation model or DEM. High slopes can represent a 
higher risk (e.g., river corridors where topography 
changes abruptly). Gates qualifies considerations of 
slope risk by reporting that “areas with higher ground 
slopes may be less prone to high groundwater 
recharge (from irrigation) and water table build up, 
due to higher surface runoff rates; however, in 
combination with other factors (e.g. soil type, vegetative cover, etc), this may not be the case. It is 
important to realize that it is not the slope relative to the surrounding area, but the actual magnitude of 
the slope, in interaction with these other factors, that affects surface runoff and infiltration rates,” 
(Gates, Personal Communication, November 10, 2016). With this caveat in mind, and a low weight 
applied to slope factor in the index, local slopes values are assigned to each cell on the landscape and 
classified using the following breaks: 
 

F Greater than 3 degrees or higher risk (also less suitable for farming): value of 3 
F Between 0.3 and 3 degrees or medium risk: value of 2 
F 0.3 degrees or less (relatively flat land, suitable for farming): value of 1 

 
Results 
Risk prone areas are identified across Saint Charles Mesa, the Saint Charles River corridor, and the Six 
Mile Creek corridor. These areas also possess shallow water tables, which could be understood as a 
proxy for high return flows and therefore, the need for specific management practices that avoid 
pollutant transport. The Pierre Shale layer is found mostly south of the Bessemer Ditch, crossing it 
slightly to the north. Areas near this potential source of Selenium are found as well at the intersections 
of the Saint Charles River and the ditch and Six Mile Creek and the ditch. Further studies are needed to 
understand the velocity and paths of sub-surface and surface return-flow as vectors of pollutants in the 
irrigated area. (See Figure G-6.) 
 

Figure G-5 
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Figure G-6 
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H.!Water!Quality!Management!Zones!
 
Like the Water Quality Risk Index, Water Quality Management Zones is presented as an example of an 
analysis that warrants additional research, but, once informed by better data, offers a methodology to 
guide decision making at the landscape level. Water Quality Management Zones is a synthesis of two 
previous analyses that deal with risk factors related to water quality: Drainage Network Index and Water 
Quality Risk Index. By categorizing and ranking parcels based on these two analyses, it delineates 
potential management zones for studying and/or addressing both surface and subsurface water quality 
considerations. The analysis does not consider system interactions between surface and sub-surface 
flows, nor does it consider processes that determine the spatiotemporal distribution of particular 
pollutants in the hydrologic system. 
 
Methodology 
The Water Quality Management Zones analysis is a cross-classification of the Drainage Network Index, 
and the Water Quality Risk Index. It prioritizes parcels in a ranking by combining thresholds or ranges of 
risk values calculated for the two analyses. Parcels are ranked using the quintile classification for both 
analyses, leaving the lowest quintiles outside of the classification to capture high-risk values only. 
 
Results 
The analysis, while preliminary, reinforces the notion that riparian zones and farms proximate to 
tributaries and streams play a role in the transport of pollutants and contaminants. By providing zones 
to address water quality, the analysis can be used as an aid in establishing distinct study areas. Most of 
the prioritized parcels are over saturated soils, with the presence of wetland conditions, meaning that 
they receive and contribute flows from the irrigated area through surface and/or sub-surface runoff. 
Managing these parcels utilizing conservation agriculture techniques could provide insights on how 
alternative management can have a positive effect on water quality. Studies focusing on, for example, 
Se contributions to the Arkansas River through its tributaries, could be used as benchmarks against pilot 
projects that engage in conservation agriculture. (See figures H-1 and H-2.) 
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Figure H-1 

Figure H-2 
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2. Market Analysis 
 
Voluntarily restoring water to farms in CPAs requires an understanding of market conditions and the 
manner in which markets can be employed to solve land use problems and facilitate water exchanges 
that benefit farming and the environment. With no precedents for this type of undertaking, data 
collection and examination drove the development of methodologies to mitigate buy-and-dry impacts 
and retain a resilient agricultural base. 
 
Methodology 
To build an understanding of market conditions, ICS worked with Palmer Land Trust, McCarty Land & 
Water Valuation, Inc., and GeoAdaptive, LLC, to assemble critical data. ICS then used this data in 
developing strategies to move water from DCAs to CPAs. ICS considered local and outside market 
influences that could influence (positively or negatively) this movement of water. It also considered 
sources of capital that could come into play to facilitate land acquisitions and water exchanges. 
 

 
 
 

Data Collection 
 
Irrigated Farmland Fair Market Value. Palmer Land Trust contracted McCarty Land & Water Valuation, 
Inc., to develop a basic market data report (McCarty, 2016). In the report, sales histories of irrigated 
farmland were examined from 2011 through 2015 (see Figure 2-1). Market values of land with farmer-
owned water, land with Pueblo Water-owned (leased) water, and land with water protected by 

Figure 2-1 
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conservation easements were established. Fourteen sales and two listings were examined. The report 
places the value of high quality farmland with owned water at $12,000/acre with some variance 
depending upon geographic location (in Figure 2-1, sales 13 and 14 were considered representative 
sales). Values on lower quality ground range between $6,151/acre to $10,320/acre (the $5,305 value is 
deemed unreliable due to circumstance surrounding the sale). Half (seven) of the sales analyzed were 
sales of land irrigated by leased water owned by Pueblo Water (i.e., farms that sold their water). Land 
with water leased from Pueblo Water was valued from $1,476/acre to $3,580/acre—producing a mean 
value of $2,544/acre. 
 
Dryland Fair Market Value. Discussions with Palmer Land Trust and farmers indicate a range of dryland 
values in the region. Fallowed ground, inadequately restored with few natural or scenic amenities in the 
A2 zoning area (limited subdivision potential), is estimated to be worth $200/acre or less. Good 
pastureland can be worth between $200/acre to $400/acre. Smaller parcels of non-irrigated land 
possessing additional attributes and amenities (rivers, riparian corridors, scenic areas, bottomlands, 
subdivision potential, etc.) can be worth $1,000/acre or more depending upon location. 
 
Irrigated Farmland Lease Value. Palmer Land Trust interviewed local farmers to garner information on 
lease rates for agricultural land. Cash leases average around $175/acre/season for irrigated lands. Low-
quality ground leases as low as $100/acre; high-quality ground as high as $250/acre. Exceptionally high 
quality vegetable ground can lease as high as $350/acre. 
 
Bessemer Share Value. The Pueblo Water acquisition at $10,150/share represents the highest known 
price paid for Bessemer shares. McCarty Land & Water Valuation reports 58.5 shares selling in 2015 for 
$7,500/share and another ten selling for $10,000/share. These shares did not have a demonstrable 
consumptive use history. Farmers report selling or buying shares between $6,500/share to 
$8,500/share. David Simpson with the Saint Charles Mesa Water District reports the district pays 
$6,500/share for shares with a good consumptive use history—less for shares without a good 
consumptive use history. 
 
Conservation Easement Value. Sales of Bessemer-irrigated lands with conservation easements are 
limited, but the work by McCarty Land & Water Valuation and recent 2017 sales would indicate value 
diminutions in the 25% to 30% range. This means that high quality farmland worth $12,000/acre would 
be worth $8,400/acre to $9,000/acre if encumbered by a conservation easement—placing the range of 
easement values at $3,000/acre to $3,600/acre for good ground. Palmer Land Trust reports that 
LAVWCD generally pays $2,500/acre for easements on farm ground meeting specific conservation 
criteria (approximately 70% to 83% of fair market value for easements on high quality ground; closer to 
100% of fair market value or higher for easements on lower quality ground). 
 
Sales Histories—Spatial Examinations. 
GeoAdaptive and ICS examined the 2011 – 2015 sales reported by McCarty Land & Water Valuation in 
light of various spatial analyses, specifically the Dry-Up Consideration Index (see Figure 2-2), then 
developed a longer, fifteen-year sales history (2001 – 2015) drawing from three sources: the McCarty 
Land & Water Valuation report, a Metroscan (sales database) property search facilitated by McCarty 
Land & Water Valuation, and a Pueblo County parcel records search (see Figure 2-3). Criteria focused on 
real sales, greater than or equal to 20 acres, irrigated by the Bessemer. Results were once again overlaid 
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against the Dry-Up Consideration Index (see Figure 2-4). The purpose here was not to examine values, 
but to consider the frequency of sales in CPAs and DCAs.  

 

 
Appreciation. Bill Barnes with Farm 
Credit of Southern Colorado 
reported to Matt Heimerich of 
Palmer Land Trust that farmland 
appreciation in the Vineland and 
Avondale areas generally ranges 
between 2% and 3% annually. 
GeoAdaptive and ICS examined 
county parcel data to identify 
properties that had a history of 
three or more real sales between 
1980 and 2016. These properties 
demonstrate an average annual 
appreciation rate of 2.69% for irrigated 
farms with improvements (the high was 
7.88%; the low was 0.24%), less for 

 

Figure 2-5. The value of irrigated farms in the Vineland and Avondale 
area has steadily increased over time. This analysis considers individual 
sales from properties with a history of three or more real sales in the last 
36 years. Note the dip in sales prices following the 2002 drought—the 
time when farmers began organizing to negotiate the bulk municipal 
water sale that resulted in the Pueblo Water purchase. 

DRY-UP CONSIDERATION INDEX WITH 2011-2015 SALES 

Sales 

 

 Figure 2-2 
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irrigated land without improvements. When plotting individual sales over time (discounting outliers), 
farmland in the area appears to be appreciating at a higher rate: 6.27% (see Figure 2-5). 

 
 

 
 

 
  

DRY-UP CONSIDERATION INDEX WITH 2001-2015 SALES  

Sales 

 

 Figure 2-4 

 Figure 2-3. 2001 – 2015 sales (no overlay). 
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Results 
When trying to harness market forces to move water back to CPAs, the data reveals multiple factors to 
consider: 
 

1. Value Proposition. The market data reveal an inherent value proposition in making better use of 
water resources by moving water from DCAs to CPAs. For example, if one CPA acre (worth 
$12,000 with owned water) is purchased with Pueblo Water leased water for $2,500; and one 
DCA acre is purchased for $8,500 (for a total of $11,000); and the owned water is transferred 
from the $8,500/acre ground to the $2,500/acre ground, the purchaser now owns two acres, one 
of which alone (the one that has permanent water restored to it) is worth $12,000—$1,000 
more than the original investment. Furthermore, the acre that was originally worth $8,500 
possesses, in all likelihood, some enhanced non-agricultural market value if it is proximate to 
riparian or river corridors, hillside overlooks, or other scenic/natural attributes. The value 
proposition still exists, but is diminished, when a Bessemer share (rather than DCA land) is 
purchased to restore water to CPA land. 

 
2. Addressing Value Diminution. Restoring water to CPAs in a manner that negates future water-

sales risk necessitates placement of conservation easement deeds or deed restrictions on 
properties with restored water. This will diminish property value from (for example) 
$12,000/acre to $8,400/acre. Thus, to recoup an $11,000 investment, the DCA acre, once 
fallowed, will have to retain $2,600 of value, an unlikely scenario given that the value of dry 
ground may be worth (for example) $300/acre—a $2,300 variance. How can this variance be 
accounted for? In developing the case studies, multiple methods were explored. The following 
hold the greatest promise: 

 
a. Securing conservation easement payments to offset the diminution. 
b. Holding DCA properties and building value through market appreciation. 
c. Leasing DCA production ground to generate revenue for the duration of the Pueblo 

Water lease. 
 

3. Sources of Transaction Capital. These methods of capitalization will, in some cases, produce 
strong rates of return for an investor. In other cases, returns will not be strong and may require 
other sources of underwriting. Conservation-oriented investment organizations such as REITs 
and TIMOs could be tapped to restore water to and conserve some properties, but the 
community will be stronger if farmers themselves can recognize gains from water exchange 
transactions; and, if returns do go back into some type of investment group, it would be helpful 
if that group was affiliated with the administrative agent, as those returns could then be 
pumped back into the community, offsetting the costs of projects that may be only marginally 
profitable. In addition to the private capital farmers bring, other sources of capital used to 
facilitate transactions may include: philanthropic capital, public funding (such as that which 
supports LAVWCD activities), or mitigation monies from Pueblo Water negotiated through the 
1041 permit process. These funds will be necessary to support the engineering, legal, and 
administrative costs involved in facilitating water transfers and dry-up substitutions. While 
some property acquisition and holding costs were accounted for in the case studies, these 
expenses, which will be incurred by the administrative agent and/or affiliated parties, were not 
accounted for. 
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4. Pace of Market Activity. Spatial examinations of sales 

histories show that the pace and type of farm sales is 
not sufficient to restore water to 2,000 acres by the 
end of the lease period in 2029. Sales during the 
2011-2015 period demonstrate most market activity 
occurs on CPA ground. When overlaid on the Dry-Up 
Consideration Index, no sales occurred in the highest 
quintile (highest priority for dry-up) and only 307 
acres fell within the second-highest quintile (see 
Figure 2-6). Compare this to 1,314 acres sold in the 
lowest two quintiles (lowest priority for dry-
up/highest priority to maintain in irrigated farming), 
and a ratio of 1 DCA acre sold for every 4.3 CPA acres 
sold is produced. Thus, while it may be possible to 
acquire exceptional farmland with leased water from 
Pueblo Water at low rates, what will be more difficult 
will be to acquire DCA parcels with water to transfer 
to that property. This fact reveals an inherent risk-
mitigation investment objective: it will be important 
to assure water resources can be secured prior to or 
simultaneous with a CPA property acquisition in need 
of restored water. When examining sales across the 
2001-2015 period, results were more favorable: 1 
DCA acre was sold for every 1.4 CPA acres (see Figure 
2-7). However, it must also be noted that CPA acres 
likely contain a higher percentage of Bessemer-
irrigated ground than DCA acres—as much as 87% 
compared to as little as 22%. This would put the ratio 
of DCA to CPA irrigated acreage sales back down at 
1:5.6. 

 
5. Incentivizing Sales. Incentivizing DCA sales or water transfers from DCA parcels that can 

support water exchange transactions will be important. What will incentivize these 
sales/transfers? First, farmers who own DCA parcels are inherently incentivized by opportunities 
to increase their holdings, the value of those holdings, and their production potential when they 
acquire CPA parcels with leased water and move some of their DCA water to those parcels. 
Second, an administrative agent managing a Community Water Fund or a conservation agent 
partner can be poised to purchase and hold DCA parcels as soon as they come up for sale. Third, 
higher prices for Bessemer shares and/or DCA land might be paid when considering the gains 
that can be made in moving water to CPA ground. 

 

  

Figure 2-6 

Figure 2-7  
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3. Case Studies—Community Water Fund Framework 
 
The DiSanti case study illustrates how different types of agency (administrative, conservation, financial) 
discussed in the Types of Agency section of the report might come into play in order to help a 
landowner acquire CPA lands poised to be fallowed and permanently restore water to that land. The 
case study specifically looks at how to do this when the landowner does not possess surplus water to 
move to that land. The case study describes a Community Water Fund (which could be managed by an 
administrative agent with assistance from conservation agents). In the DiSanti case study, the 
Community Water Fund serves multiple purposes: 
 

1. Acquire water from DCA parcels through the purchase of shares or farms with shares. 
2. Facilitate the exchange of water based on pricing established according to: (1) consumptive 

use; (2) the number of shares acquired from a particular DCA parcel; and (3) the Conservation 
Priority Index rating of the DCA parcel from which water is being removed. For the purpose of 
the case study, water purchase rates range from $6,750/share to $9,258/share. Water resale 
rates are the same as the purchase price unless the Community Water Fund finances a property 
acquisition, in which case they are offered at a discount, which ranges from $6,000/share to 
$7,750/share depending upon the original purchase price. 

3. Facilitate the exchange of conservation easement payments based on a sliding scale 
determined by: (1) Farmland Protection Priority ranking, and (2) farm size. The range of 
easement payments is $2,500/acre to $3,163/acre. 

4. Operate as a lender, financing the acquisition of CPA parcels with restored water. 
5. Operate as an investor in land and water exchanges—looking, where possible, to produce a 

return on investment—acquiring, holding, and disposing of land and water assets. 
 
The Community Water Fund framework that sets conservation easement purchase rates, water purchase 
rates, and water resale rates for the case study is provided in this appendix (see Figure 3-1). Rates were 
established based on historic sales precedents, as well as social and economic values examined in this 
project. For example, base conservation easement payments consider LAVWCD precedent ($2,500/acre) 
and increase according to certain values—namely, the size of the farm and the quality and importance 
of the production ground. Base water purchase rates were developed in a similar fashion—considering 
the amount per share paid by the St. Charles Mesa Water District ($6,500/share) and adjusted according 
to specific criteria or values. These include: the number of shares being sold (higher numbers are 
rewarded as they involve the Community Water Fund in fewer transactions), the potential for ecological 
restoration in the area where those shares are being removed, and consumptive use (the higher the 
consumptive use, the more valuable the share). It was determined after the conclusion of the study that 
purchase rates in the framework could be set higher, as high consumptive use rates probably will not be 
common in DCAs. 
 
The resale of water was undertaken either: (a) at cost, in which case an administrative fee was charged 
in the case study to cover basic administrative costs; or (b) at a discount if the Community Water Fund 
was financing property acquisitions. The administrative fee would likely be too low, and the water 
discount too high, for the Community Water Fund to be completely self-supporting. Rather, it was 
assumed that the fund was operating with some philanthropic or community support to cover its 
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administrative costs—something that will likely be required, at least during the early years of 
implementation. 
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