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1) final report

A) ABSTRACT

More than half of the world’s population relies upon monsoonal rainfall that supports agriculture.
While in many locations climate change is resulting in less moisture from fewer winter storms
and more intense summer precipitation events, rural working landscapes (agricultural managed
systems) are struggling to recover from increasingly extreme droughts and floods. The Cafada
Alamosa watershed, a 420,000 acre in southwestern New Mexico (see figure 1), faces contemporary
resource challenges common to the Southwest; overgrazing and fire suppression have led to a loss
of deep soils and vegetative cover. This area’s traditional cultural practices of managed stormwater
flooding of the historic floodplains points to significant potential of mutual incentives: watershed-
scale floodplain reconnection practices that benefit working landscapes that can also restore
ecological health. This project documented, collaboratively designed and installed a pilot study of
innovative methods of floodplain reconnection and riparian buffer establishment that addressed
contemporary challenges. Community members joined to assess the practices, concluding that they
can be and deciding to advocate for expanding these practices on a community and watershed-
scale. The study also produced preliminary analyses of the ecosystem services that the floodplain
reconnection and riparian buffer provide, including an additional source of water for irrigation from
floods, reestablished natural regulating and supporting systems (including natural flood regimes),
improved water quality and sediment deposition, and additional habitat provided to achieve a
higher species richness, with analysis for potential increased occurrence of pest predator species
and federally designated endangered species. Further work anticipates modeling the extent of
practice intervention that will be required to achieve community stated goals of controlling floods,
increasing productivity, improving ecosystem health, and collaborative local system with positive
outside social system influences. To disseminate this metholodogy on a wider scale, we have joined
a team together to focus upon accumulating data showing the extent that inhibiting evaporation
— by increasing infiltration through increased vegetation cover thereby transferring water delivery
underground and slowing its arrival to reservoirs — can offset the increased needs of transpiration
and add to agricultural productivity through increased ecological health. We intend to build upon
previous methodologies using an ecosystem service framework to identify optimal scenarios of land
management practices that can increase agriculture’s viability and provide enduring sustainability;
and then work with other study areas to identify how different conditions alter the method for
dissemination throughout the Rio Grande basin for application throughout the Southwest.

B) INTRODUCTION

This project addresses two funding categories: // — Projecting the resiliency and vulnerability of
natural or cultural resources that affect or are affected by water resources management in a changing
climate and Ill — Assessing and evaluating natural or cultural resources management practices and
adaptation opportunities.

Problem statement. Global semi-arid and desert monsoonal rainfall systems are driven by
extremes, and characterized by widespread flooding and extended droughts. Because flood water
often runs off too quickly to benefit agriculture, many communities experience critical water scarcity.
Much of the world’s riparian areas have been degraded, New Mexico and Arizona alone have lost
more than 90% of their riparian areas since pre-settlement times (Krzysik, A. (100), Grahame, John D.
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(73), Arizona State Parks. (6)), and ecosystem services have declined. More study is urgently needed
on dynamics of interventions that can reduce the impacts of these extreme events and maximize the
potential benefits to rural working landscapes. Flood control and water scarcity have become world-
wide critical concerns. In this pilot study, rural land managers experimented with innovative solutions
of floodplain reconnection to restore ecological processes and fit them to local conditions, providing
new knowledge both about the practices and the dynamics of these complex systems.

Floodplain reconnection on a large-scale has been shown to control floods and restore
ecological health, and is gaining momentum as a land use policy shift, as the practice can also
benefit agriculture with much needed additional supplies of water. Humans have long attempted to
exert control over rivers to satisfy our immediate needs. River engineering projects have included
construction of dams and levees, channelizing rivers, draining and developing floodplains, and
constructing water delivery networks. Such projects have supported economic growth, but at an
ecological cost that is now better understood and more greatly appreciated by society. Further, it
is believed that in many cases river engineering has resulted in increased vulnerability to natural
disasters by degrading the buffering capacity of the natural system and increasing human exposure
to risks (Stone, Mark. (201), Mustafa, D. (134), Fals-Borda, O. (46), Haeuber, R. (80), IFMRC. (89)).
While constraining rivers with levees and dams has shown to have these severe limitations, evidence
suggests that reconnecting floodplains on a watershed-scale will be key for restoring to ecosystem
resilience, driven by the benefits to control floods and increase goods and services (Opperman, J.
(146)). Restoration of riparian buffers, including agricultural fields, increases infiltration, shallow
aquifer and ground-water levels, and slows the delivery of water to surface reservoirs further
inhibiting evaporation that now can be available for vegetative transpiration. This is critical because
evaporation provides no local ecosystem services, while transpiration is necessary for generating
a host of mutually reinforcing ecosystem services (Ponce, V. (162)). A greater ability to strategically
target restoration and to quantify the potential benefits to a diverse range of systems would
facilitate a policy shift towards more holistic and sustainable management practices. Strategies
for removing or managing connections through levees without significant damage require locally-fit
solutions, raising an urgent need for experimentation such as this project.

The loss of deep soils and vegetative cover in Cafiada Alamosa has meant that rain and snow
melt are no longer held by the soils and released slowly throughout the year, but run off immediately
in floods, resulting in catastrophic flows and severe erosion contributing sediment to Elephant
Butte Dam. This change from predictable flows to boom and bust has made traditional agricultural
difficult if not impossible, forcing conversion of crops to low-value, high-water use alfalfa, or the
abandonment of farming completely. Areas of once-productive lands along the creek are now dry
and useless for farming or even grazing. Long-term residents are under great economic stress,
and a few have had to sell or subdivide their lands. However, the current racially and economically
diverse community of farmers that irrigate 800 acres of valley land on forty-nine farms in Cafiada
Alamosa are looking to revive traditional and develop innovative practices to maintain their way of
life. We know that traditional agricultural practices have multi-functional benefits and services for
our ecosystems. Healthy riparian landscapes and watersheds provide habitat for wildlife and other
natural values, and lead to more productive and sustainable agriculture, and a resilient ecosystem.
Vegetation infiltrates water, contributes to base flow, and captures sediment.

The stakes could not be higher. The Southwest faces the most acute effects of climate change,
including greater aridity, rain becoming more concentrated in monsoon events, higher flooding, and
the hydrological cycles becoming more extreme. This project has begun to give farmers the tools to
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adapt to climate change and protect and develop their livelihood and way of life, while at the same
time beginning to restore the healthy riparian ecosystem upon which the community ultimately
depends.

Objectives of this project: This project is a component of a larger Alamosa Land Institute (ALI)
goal to restore the resilience of the Cafiada Alamosa agro-ecological system on a watershed scale.
This project has met its original objectives, listed below with additional sub-objectives added, and
discussed in the methods and results section. With federal, state and local interagency support,
this project joined scientists, with their understanding of ecosystem functions and services, and
local land managers, with their experience of techniques and challenges, to develop solutions to
our Southwest challenges. We worked with community members to study and document knowledge
about traditional methods and identified current needs of ranchers and farmers. Out of this process,
with our current scientific understanding of ecosystem processes in riparian systems, we to designed
and implemented a restoration pilot study that can benefit both the river and the local community.
We then documented this methodology to show how natural and community values can be aligned to
create sustainable landscapes for both wildlife and people.

m Document/promote mutual incentives of ecological restoration & working landscape
practices
m Promote restoration of traditional cultural practices that offer greater sustainability
o Transitioning to new models of land use
o Enhance stability of farming community by increasing water availability and reliability,
and...
o Improve options for kinds of crops that can be planted
o Improve profitability of farming in project area
o Attract agricultural entrepreneurs and other economic resources
m Demonstrate the restoration of the riparian buffer along the historic perennial river
o Re-establish and enhance ecosystem function and services of riparian areas, including
agricultural fields
m  Work with the community to expand the historic practice of flooding the historic floodplains:
o Reconnect floodplain through flow management and restoration of historic agricultural
fields, orchards
m Foster cultural practices which aim for maximum usage of flood waters and minimize erosion
and sediment deposition into Elephant Butte Dam
m Document the ecosystem services that the riparian buffer and other practices provide,
including an additional source of water for irrigation from floods, reestablished natural
regulating and supporting systems (including natural flood regimes), improved water quality
and sediment deposition, additional habitat provided to achieve a higher species richness,
and studied specifically for increased occurrence of pest predator species and federally
designated endangered species.
o reduce flow rate in arroyos and main river channel
O increase ground water recharge rates
o decrease downstream sedimentation
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o reconnect fraction of flood water to floodplain restoring benefits of short-term storage,
recharge, and farming use
increase land productivity
enhance wildlife habitat (especially for beneficials)
increase profitability of agriculture
reduce labor costs
o reduce reliance on well water
m Document and develop a community-wide dialogue on successful ecological practices, and
institute experimental projects to test traditional and new restoration approaches
O increase collaboration both within the local community and with outside entities
through experimentation, testing integrated watershed scenarios of practices that show
transformational potential, floodplain reconnection to waterways and upland grazing rest.

oo oo

C) STAGES, DESIGN, AND METHODS OF PROJECT

Pilot study site. This is an ideal study site, as we know that agricultural practices in the Cafiada
Alamosa acequia (community-run irrigation systems found in Spain and former Spanish colonies in
America) have multi-functional benefits and services for our ecosystems (Jansen, A. (90), Groenfeldt,
D. (76)). The traditional practice of field flood irrigation along unlined ditches, typical of small-scale
farming systems in the Southwest, provides important ground water recharge functions, inhibiting
evaporation, and maintaining stream base flows (Fernald, AG, S. (48), Fernald, A. (50), Fernald, A.
(51), Ochoa, C. (141), Opperman, J. (146)). Vegetation infiltrates water, contributes to base flow, and
captures sediment. Increasing the agriculture’s productivity and sustainability can lead to healthy
riparian landscapes and watersheds, providing habitat for wildlife and other natural values. This area
is also an important wildlife corridor between two protected areas, the Gila and Cibola National
Forests, comprising of five million acres (see figure 2). Integrating riparian restoration into the local
resource management practices will strengthen this corridor. Small-scale farming systems such
as this one have proven to be highly efficient and flexible (Cifdaloz, O. (34)) and appear to be best
poised to conduct pilot studies for major policy shifts. Acequia farmers are especially suited to play
a role in initiating floodplain reconnection practices, as they have jurisdiction over their system and
are organized on principles of cooperation as opposed to prior appropriation, “first in time, first in
right,” the dominant water law in the west (Utton Center. (228)). However, acequias face significant
challenges from both the natural systems upon which they rely as well as resource competition from
urban areas. Small-scale farming systems are shown to have difficulty coping with disturbances
that cross a threshold into new extremes; crop yields drop precipitously upon encountering new
circumstances such as drought extending beyond previous experiences (Cifdaloz, 0. (34)). Research
has shown that testing and assessing innovative land management practices such as this project are
required in these highly evolved and detailed systems (Cifdaloz, O. (34)).

Previous work. \Within the larger Alamosa Land Institute (ALI) goal to restore the watershed
of Cafiada Alamosa, a primary goal has been to lessen the flood energy and its catastrophic
consequences to allow for other restoration opportunities, as most current efforts simply get washed
out during the floods.

The first phases, earlier background work to this project, have addressed the restoration of
the arroyos that feed into Alamosa Creek. Two pilot studies have been installed on private land
to use log “jams,” Large Woody Debris (Abbe, T. (1), Bisson, P. (17), Kail, J. (94), Palmer, M. (152),
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USDA-NRCS. (222), US Fish & Wildlife Service, & Washington State Departments of Ecology and

Fish & Wildlife. (226)) to slow flood waters and test techniques of ephemeral stream restoration.
Restoration of the arroyo floodplains intends to restore vegetation, increase water infiltration, lessen
the flood energy that impacts the main Alamosa Creek, and increase the Creek’s base flow. One
demonstration project is partnered with the USDA National Resource Conservation Service through
their Conservation Innovation Grant program, with the goal of adding to their toolbox of currently
approved restoration methods; the second is partnered with the USFW to increase wildlife habitat.
All projects have demonstrated the ability for the practice to withstand the flows and provided initial
collaboration with leading community members in all aspects of the project from initial design to
adaptive management. Ground water levels, vegetation and soil carbon sequestration monitoring is
ongoing. This project represents the second phase and focuses upon the community and the main
stem, the Alamosa Creek.

Long-term vision and commitment & previous work. The NGO local to the Cafiada Alamosa
watershed (see fig. 1), the Alamosa Land Institute (ALl), has a long-term goal to facilitate socio-
ecological restoration of the watershed using this framework and its criteria. Past work described
further on provides base information for this project. Future study beyond this project will include
long-term monitoring of this watershed and furthering this framework’s broader applicability and
scalability, including a next effort of a meta-analysis of working landscapes in the North American
Monsoonal System for system characteristics. Funding strategies include a broad spectrum, private
foundations, corporations, federal, state and regional agencies, and conservation incentive programs.

Scope summary. Productive working landscapes have the potential to transform the health
of many of society’s watersheds; nearly 40% of the world’s land is managed in agriculture. This
project’s approach, its theoretical framework (see section following), addresses a key barrier, the
gaps that exist in watershed science between the theory and practice of collaboration between
scientists, land managers, and agencies (Warren, P. (235)). By answering a call for incorporation of
“sound action research,” which centers on innovative experimentation, and focusing on dynamics
that maximize collaboration, this framework aids blending correct science with correct actions
to cause optimal outcomes. Our team conducted and analyzed in-depth interviews and derived
ecosystem service values, which developed critical new information about local needs and ecological
conditions in the traditional agricultural community of Cafiada Alamosa. Focusing upon the ecosystem
services that healthy environments provide directs attention to resource management development.
Collaborative experiments addressed applied-science questions of floodplain reconnection practices;
testing restoration techniques supporting sustainable economic development has demonstrated
their effectiveness, achieving a design that can withstand floods and bump water onto floodplains.
The return of desired traditional resource management practices and the development of innovative
tools has enabled the development of the agricultural fields adjacent to Alamosa Creek to return to
functioning floodplains and provide the maximum riparian buffer. We analyzed existing examples
of riparian buffers within the existing Alamosa Creek channel and along irrigation ditches, and
the implications of planting of field distractor crops and wind breaks, and supporting habitat
for pest predators. A greater amount of vegetation cover can increase water infiltration, lower
temperatures and evaporation at sources of open water. This study furthers our understanding of
the transformational potentials of floodplain reconnection, the dynamics that maximize benefit of
additional water sources to agricultural communities as well as the role that the ephemeral systems
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(arroyos) play. In semi-arid and desert monsoonal systems, vegetation controls infiltration and
minimizes erosion more than other climates; greater knowledge of these processes increases our
understanding of ecological thresholds (Wilcox, B. (238)). A focus group of local leaders convened

and reviewed the efficacy of applied techniques to achieve floodplain reconnection. The focus group
has proposed preliminary experiments that would further test the impact of the practice. Surveys
established a base-line measure of a local focus group’s considered level of legitimacy in the practice
to achieve socio-ecological resiliency. Upon conclusion of the pilot study project, we developed

a cost-benefit analysis method to weigh the benefits against the effects of greater transpiration,
which is most often cited as the largest impediment to land restoration in the Southwest. These land
management techniques, demonstrated to local farmers, can be shown to local agriculture advocates
around New Mexico. This project serves as a model for scientific and agency support for local land
managers to develop additional resource management tools that are designed to maximize ecosystem
Services.

Activity 1. Research Framework.

Activity 1.1. Establish research Framework

Despite significant research that shows that one-size-fits-all policy prescriptions do not
work, this remains a dominant resource management strategy today. To address this challenge,
this interdisciplinary team used planning and economics discipline findings to focus a watershed
planning framework on maximizing collaboration, key to maximizing legitimate benefits for land
managers. For this pilot study, this team expanded an existing collaboration with a rural working
landscape community in southern New Mexico, Cafiada Alamosa with a local non-governmental
organization (NGO), the Alamosa Land Institute. To achieve the objective of “Document and develop
a community-wide dialogue on successful ecological practices, and institute experimental projects
to test traditional and new restoration approaches”, we established a research frame work objective
to increase collaboration both within the local community and with outside entities through
experimentation, testing integrated watershed scenarios of practices that show transformational
potential, floodplain reconnection to waterways and upland grazing rest. We looked at Oral History
tools including Community Based Participatory Research (CBPR) and Empowerment approaches to
rural development, Participatory Rural Analysis/Appraisals (PRAs), water user’s associations (WUA's),
Elinor Ostrom’s research on the cooperative management of the commons, other coupled natural
human systems (CNHs), World Bank and FAQ policy appraisals, and FAO's “Action research” concept.
These practices’ ability to control floods, increase agricultural productivity, and restore ecological
health would meet critical community needs common to the Southwest. The locally-controlled action
experiments introduced innovation, fit the practices to the local conditions, and ground-truthed
ecological assumptions.

Adapting a protocol established by Huitema et al (2009) (Huitema, D. (85)), we set forth three
criteria for the collaborative watershed process to facilitate socio-ecological resiliency:

1) watershed (or larger bioregional) scale management and planning approach focused upon

socio-ecological processes,
2) action experimentation for stakeholders to legitimatize planning efforts, and
3) collaborative polycen-tricity (multiple distinct centers of decision-making (Ostrom, E. (150)))
that includes a system of local control.
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figure 4b. floodplain reconnection practice types
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See the results section for an in-depth discussion of our research findings which guided the
construction of this framework.

Activity 1.2. Apply Research Framework to Cafiada Alamosa watershed. \Ne then applied
this framework, again, see the results section for an in-depth discussion of our research findings.

Criteria 1. Watershed-scale process approach.

Subcriteria 1.1: Keep water in the watershed and minimize evaporation by transferring to
transpiration.

Subcriteria 1.2: Identify the role of ephemeral flows.

Subcriteria 1.3: Identify role of uplands.

Criteria 2: Action experimentation for stakeholders to legitimatize planning efforts.

Subcriteria 2.1: Fit to local biophysical conditions & attributes of community, Process yields
productivity

Subcriteria 2.2: Frame the observational study and conduct initial surveys.

Criteria 3: Collaborative polycentricity that includes a system of local control.

Subcriteria 3.1: Build a team of outside scientific, agency and policy supporting the local group
that holds control.

Activity 2. Land owner interviews, analysis, and project planning.

Activity 2.1. Interviews.

We worked with a group of local land managers to develop a dialogue around traditional and
innovative farming practices that can have positive ecological benefits. We conducted in-depth
interviews with sixteen people. The individuals were selected from land managers to represent the
range found in the area, from old timers to new comers, ranchers to organic farmers, relatively young
to elderly, and from part-time to full-time managers. We were then able to derive the ecosystem
services that the community values from the interviews (see “3) addendum: ecosystem services
matrix”) using the methodology described following.

The questions were broad and open-ended, allowing the interviewees the ability for a more
natural dialogue to identify items or processes important to them. People are shaped by the land
they settle upon. Their connections to it build the mosaic of experiences that evolve into pride and
respect. What created this land, how it has been affected by historic climate changes, and what
people have done to increase the land’s provisions are the prologue to the future story of this
canyon. The dynamics between people and the land upon which they rely create their sense of a
place. Local land managers have intimate and richly nuanced knowledge of the myriad of interactions
that reveal the processes that drive the natural environment and that the land managers employ to
benefit from the land. The most potent information is what the land managers find important and
is revealed by interviews with a small amount of open-ended questions geared towards exploring
these dynamics. Leading questions or surveys would instead confine the subject matter to the
interviewer’s preconceptions of the issue, and are best devised after the initial in-depth collaborative
discussions. Questions focused upon what the land provides, incentives for settling, environmental
changes, challenges, and practices that they would like to see tested, as follows:

1) As a farmer or rancher, what does the land provide for you and your family? Is this why your

family came here?
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2) What environmental changes have you seen occur here. How have they affected your

livelihood?

3) What challenges in the future do you see for being able to continue working the land?

4) Can you think of any traditional practices that you would like to see tested?

The words of the land managers reveal often both the issues and the degree of importance they
hold to them. Their connection to the land is the lens that must be looked through to see all else,
as locals identify it as the reason for their passion for the place. See “8) addendum: interviews,
introduction”for the introduction to the final documentation of the interviews. This has been
accepted by the New Mexico Farm and Ranch Museum to add to their Cafiada Alamosa collection,
and is currently under editing.

Focus of land management techniques that enhance ecosystem services. During the interviews
and analysis, we used previous studies as a basis for dialogue about beneficial traditional and
innovative land management practices. We had developed an analysis of the ecology of the
watershed and a proposed watershed plan which provided a reference point for discussion.

This analysis identifies the ecosystem services of the area following the Millennium Ecosystem
Assessment methodology, including supporting, regulating, productive and cultural services. The
two arroyo projects underway significantly leverage this project, as they are a springboard for
discussions of the general hydrological and ecological functions of this watershed, and they provide
concrete experiments to discuss. We had developed a case study which outlines potential practices
of particular interest, see original proposal. These and other practices identified during the interview
process by the resource managers were jointly analyzed where there was interest.

Activity 2.2. Identify the critical structural and functional indicators and their
thresholds for watershed community and ecological resiliency.

Ecosystem Services and Development of Indicators. The wellbeing of humankind has always
been intricately tied to the resources provided by natural ecosystems; this concept is referred to
as “ecosystem services” (e.g. Costanza, R. (35); Daily, G. (38); and Daily, G. (39)). The Millennium
Ecosystem Assessment elevated the awareness and understanding of human dependence on
ecosystems (Millennium Ecosystem Assessment (MA). (128), Millennium Ecosystem Assessment.
(130)). The main ecosystem service indicators were derived from the completed in-depth interviews:
productivity, flood control, riparian and floodplain (fields) vegetation richness recovery, and
collaborative local system with positive outside social system influences, see “3) addendum:
ecosystem services matrix” on page 99. Three tiers of indicators are proposed in the methodology,
the main indicators, which are composites of a secondary tier of indicators (highlighed in yellow),
and those are composites of measurable indicators from community and ecological surveys, thus
allowing a greater consistency in the mixture of qualitative measures. A holistic ecosystem services
methodology is thus possible. For example, an important measure for communities is sense of place,
the interviews revealed that this consisted of the place functioning as a productive and ecologically

N— healthy oasis in the desert, providing a high quality of life, with a community that had a strong

connection to the land. These can be then derived using a combination of quantitative and qualitive
measures.
Several methods were merged, including Common Pool Resource findings. The indicator

discussion is below (Ostrom, E. (150).
Since the design principles are described extensively in E. Ostrom (1990, 2005), | will list only a brief updated list
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as developed by Michael Cox, Gwen Arnold, and Sergio Villamayor-Tomas (2009):

1A. User Boundaries: Clear and locally understood boundaries between legitimate users and nonusers are present.

1B. Resource Boundaries: Clear boundaries that separate a specific common-pool resource from a larger social-
ecological system are present.

2A. Congruence with Local Conditions: Appropriation and provision rules are congruent with local social and
environmental conditions.

2B. Appropriation and Provision: Appropriation rules are congruent with provision rules; the distribution of costs is
proportional to the distribution of benefits.

3. Collective Choice Arrangements: Most individuals affected by a resource regime are authorized to participate
in making and modifying its rules.

4A. Monitoring Users: Individuals who are accountable to or are the users monitor the appropriation and provision
levels of the users.

4B. Monitoring the Resource: Individuals who are accountable to or are the users monitor the condition of the
resource.

5. Graduated Sanctions: Sanctions for rule violations start very low but become stronger if a user repeatedly
violates a rule.

6. Conflict Resolution Mechanisms: Rapid, low cost, local arenas exist for resolving conflicts among users or
with officials.

7. Minimal Recognition of Rights: The rights of local users to make their own rules are recognized by the
government.

8. Nested Enterprises: When a common-pool resource is closely connected to a larger social-ecological system,
governance activities are organized in multiple nested layers.

Additionally, ecological health measures utilize the Fleming et. al 2014 methodology, where
researchers at the University of New Mexico developed a rating system for evaluating the relative
extent of ecosystem services provided by acequias through a combination of GIS and field methods
to determine riparian health.

Our next steps are to complete application of this methodology upon the first year’s monsoon
following installation of all the practies, and to collaboratively analyze with local land managers
targeted functional and structural ecosystem service indicators for community and ecological health.

Activity 2.3. Assessment and design of restoration project. From this dialogue with a
working group of interested local community members we assessed various sites and design options,
selected a site, and developed a pilot study project (see figure 3 series). We did a site analysis
of existing conditions, proposed a restoration, surveyed known practices to implement, identified
project goals, and designed our desired analysis through identified indicators.

Our initial expectation was to implement practice 4: riparian buffer restoration (on page
16), however, by working through various options with local land managers, we learned that
bringing stormwater into a system as highly managed as an acequia required a higher level of
management itself, and a new floodplain reconnection management practice was born: practice
1: leveled productive floodplain fields reconnected through acequia ditch system generally with
ponds. (on page 14). Ultimate site selection came out of the community dialogue and included
as its goals maximizing experimental value both to the community and the ecology. The selection
balanced several criterion, with focus upon equity among and maximizing the potential extent of
the community served, maximizing the potential management quality, and maximizing benefit of
restoration project. The Alamosa Creek floodplain site depending on the conditions serves from
several land owners to as many as the entire acequia downstream of the project, which comprises
of the majority of water users. This is a field with ideal access to the main ditch, the acequia madre.
The anticipated management has been and is expected to continue to be of high quality, the property
is owned by the Jefferys and managed in collaboration with Alamosa Land Institute and Larry
Jeffery, who is a highly respected member of the community and was the head of the local irrigation
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figure 5b. floodplain reconnection area 1 pilot study: site description
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ditch association (majordomo) for the past fifteen years, including at the time of installation. The
agriculture made newly possible in the floodplain will be diverse high value food crops, an orchard,
thus the riparian buffer added to Alamosa Creek will be significant. The source of water for the
riparian restoration is Alamosa Creek, with the point of reconnection just above the confluence of the
Creek and the adjacent arroyo from Lemes canyon, one of largest arroyos in the canyon watershed.
A second equally important consideration was using an approach that would maximize potential
community participation. The working life in this community presents many challenges that many
address with great frequency, and thus the local knowledge of conditions surrounding water is
high, with much experience of outside influences attempting strategies that have failed. Our initial
plan was to present the results to the local acequia association, however, after developing our
theoretical framework that placed building trust through legitimate actions, and discussions among
several members of the community, it became clear that community participation needed to be
built up carefully, and only with legitimate results to jointly consider. The strategy then became to
join together a focus group of those already interested in experimentation to improve ecological
health and productivity to allow a space for discussion among those that had relative trust for
each other. Convening prior to presenting findings to the larger community allows for “cheap talk,”
communication without implications from the local governance (Ostrom, E. (148)). This occurred
on March 29th, 2014, with a request accepted to present this project and the next steps to the
full acequia at the next membership meeting, originally scheduled for the late spring, and is now
rescheduled for the fall.

Activity 3. Restoration Pilot Study Project.

Activity 3.1: Conduct collaborative action experiments. The team then engaged in action
experiments controlled by local land managers but collaborating with outside agents. These
experiments extrapolated practices previously validated by experiments to a range of conditions to
explore a local-fit.

The experiments addressed a range of floodplain reconnection strategies to test the application
of the design, project potential costs and ecosystem service benefits and values, and benefit
the community. See figure 3 series starting on page 6 for an overview of the pilot study. As
described, the area targeted for floodplain reconnection was at the confluence of the main Alamosa
Creek and an adjacent arroyo, Lemes arroyo, one of the largest in the canyon and historically, the
source of catastrophic flood events. To temper flood energy would require a series of interventions
along Lemes arroyo, and experiments were installed and studied that addressed two practice types,
(for a summary of types see figure 4 series on page 14 and page 16):

= FP1 - Floodplain Reconnection area 1: ““practice 1: leveled productive floodplain fields

reconnected through acequia ditch system generally with ponds.”” and

= FP2 - Floodplain Reconnection area 2: “practice 3: reconnected pasture floodplain fields”).

group of agricultural fields on the south side of the main Alamosa creek.
The experiments reconnected Alamosa Creek and Lemes arroyo channels to two of their historic
floodplains. To implement the restoration practices, we worked with the land owner, Larry Jeffery,
the majordomo of the Acequia Association.
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figure 5c. floodplain reconnection area 1 pilot study: site description
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3.1.1 Floodplain Reconnection Area #1. See figure 5 series for a fuller practice and site
description, including the pre-installation site conditions and analysis, project design, and installation
photographs, starting on page 20. The land owner has water rights to irrigate his fields, the
quantity of water in the last several years has not been enough to flood them, thus the field which
he intends to be an orchard (labeled “Future Orchard”) is currently not irrigated and instead used for
marginal grazing. Reconnecting the floodplain intends to increase the green space of this area from
virtually none adjacent to the Creek to between 5-6x the width of the adjacent channel, moving the
rating of the green space from poor to good as described in the previous Ecosystem Services section
per Fleming, W. (55) methodology. The existing conditions showed a riparian area severly degraded
by many factors, significantly by the recent drought. The experiment to try to begin to restore a green
riparian buffer is both urgent and ambitious.

The design required a means to temper the water energy before allowing it to flow into the
acequia ditches. The overall design is a series of ponds, the first being a catchment for excess
sediment which could then be harvested for nutrients and building materials for historic adobe
construction. Each pond has an overflow back into the channel as a safety measure. Originally,
we installed log jams as means to protect the area of the berm removal in order to reconnect the
floodplains. However, the flow of the flood was too great and caused too much erosion. Thus the
land owner recommended the addition of a valved pipe to serve two functions, primarily to protect
the soil at the removed location from erosion, but secondly, if the flows had too much energy, the
value could shut the water out of the floodplain again. The first pond was part of this project scope.

The pond overall is approximately .82 acres (35,650 sq.ft., 3,300 sq.m.), and the median high
water mark footprint is approximately .58 acres (25,250 sq.ft., 2,345 sq.m.), with an 8" maximum
depth (2.5m) and an average of 5 depth (Zm). Volume at full is approximately 126,000 cu.ft. (3,600
cu. m.) or 3.8 acre feet. Fields in this area are generally flood irrigated at 3" depth of water covering
a field, thus this first pond could irrigate approximately 15 acres from one filled pond. This would
irrigate the Jeffery 6-acre future orchard field (benefitting field - phase I) nearly three times, and
more than half of field area including the adjacent land owner (benefitting fields - phase Il), which
totals 26.6 acres combined. The ultimate design is for four ponds (for which we currently seeking
funding to complete), with an estimated total footprint of 145,000 sq.ft. (13,500 sq.m), and volume of
725,000 cu.ft. (20,500 cu.m.) or 11.6 acre feet, which can irrigate approximately 66 acres total, or the
group of land owners 2 1/2 times. Note that there are 800 acres of irrigated farmland in the canyon.

The pond filled twice during the 2013 monsoon season, with a seal created on the second fill.
This then allowed for planting around the pond to establish a seasonal wetland. Hydra Aquatic, Inc.,
Ross Coleman, a nursery and wetland expert based in Albuquerque, NM. advised on the methodology
and supplied the native drought-tolerant species selected for adaptability, composed of seven types
of trees and shrubs, and fifteen types of grasses (figure 9b. base monitoring: vegetation lists and
surveys (on page Variable)). Note that the cottonwoods were from pots and were not poles, which need
to be planted in the dormant season. The planting occurred in the fall, between the 15th and 21st
of October, 2013, at varying high water marks of pond. Rain-water catchment basins were formed
around trees, shrubs, and grasses. The maintenance plan included hand irrigation from local domestic
well with approximately 5-10 gallons administered to the trees and shrubs each 14-20 days. Grasses
were given approximately 1 gallon at same interval. Approximately 1.9" precipitation has occured
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figure 5d. floodplain reconnection area 1 pilot study: site description
pre- and during installation pictures
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between 10/13/2013-6/14/2014.

3.1.1.1 Channel riparian buffers. Around the location of the berm removal, we planted Fremont
Cottonwoods and Goodding's Willows, see figure 6 series (page Variable) to slow water down and bump
it away from the berm. We planted the cottonwood and willow poles between the 17th and 21st of
February 2014. The cottonwood poles came from two sources: Hydra Aquatic supplied 16" length, 2"
diameter poles, and local cuttings of 16-20" length, 4-8" diameter. Poles were planted with a backhoe
at approximately 8" depth and catchment basins were formed around each tree. The maintenance
schedule included 20-25 gallons of hand watering from a pump truck each 14-20 days. Approximately
.38" rainfall has occurred since planting to 6/14/2014.

3.1.1.2 Riparian ecology and agricultural floodplain fields. Agroecology and Farmscaping.

Significant system interactions occur between managed fields in the riparian zone and the
ecological health upon which the farmers rely. The field of Agroecology developed as an alternative
to the industrial, high external input agriculture and uses biological principles to guide and design
management of agroecosystems (Altieri, 1995; Gliessman, 1990). We have applied and projected a
range of agroecological practices in this project to understand the effects on the natural and human
systems. We then used a cost-benefit analysis to quantify these effects upon a rural small and
medium farming and ranching community.

Two main sources of knowledge are utilized within the design dimensions or components of
Agroecology; 1) natural ecosystems; and 2) traditional, pre-industrial agroecosystems (Gliessman et
al. 1981; Ewel 1986; Altieri, 1995). The cornerstone of the Agroecology design framework is that
agroecosystems should bear a greater resemblance to natural ecosystems (Soule and Piper 1992;
Gliessman 2007). In striving for resemblance of natural ecosystems, biodiversity is often sought
after for many reasons including the benefit of ecosystems services and general ecosystem health.

The ecosystem services provided by biodiversity can be broken down into categories, supporting,
provisioning, regulating, and cultural services. Lockie and Carpenter (2010), described ecosystems
services by category,

Supporting services include primary productivity, the formation of soil, and the recycling of nutrients,
which inherently, provide the basis for all other ecosystem services. Provision services include
tangible products and or goods that can be sourced from the ecosystem including food, fiber, water
and fuel. Regulating services include the processes which act to regulate climate and disease,
mitigate floods, purify water etc. Cultural services include the provision of nonmaterial benefits that
human societies derive from ecosystems such as aesthetic, recreational, educational and spiritual
values.

Agrobiodiversity, another important concept, is subsumed under the general category of
biodiversity; agrobiodiversity includes flora and fauna as well as micro-organisms at genetic, species
and ecosystems level which are necessary to sustain key functions in the agroecosystem including
structure and processes that support provisioning services (Cromwell, 1999). An important distinction
in terminology is that agrobiodiversity is not just the sum of resources necessary to support
provisioning services or production, but it also includes local practices, specifically those related to
production systems utilized by farmers the world over to actively manage resources (Brookfield and
Padoch, 1994). Much research has demonstrated that agrobiodiversity is interconnected to the rich
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figure 5e. floodplain reconnection area 1 pilot study: site analysis
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cultural diversity of place and that local knowledge is integral in the livelihood of agroecosystems.
Further the dynamic management of agrobiodiversity is interconnected to and cannot be divorced
from cultural diversity and local knowledge embodied in livelihood systems (Thrupp, 2000).

Fundamental to ecologically sound agriculture is the manipulation of biotic interactions to provide
key services that support crop productivity and ecosystem health, and thus reduce or eliminate the
need for external inputs (Shennan, 2008). On any scale, important elements need to be considered
when attempting to understand biotic interactions, elements such as, diversity, species composition,
food web structure on ecosystem processes, the impacts of timing, frequency and intensity of
disturbance, and the importance of multi-trophic interactions (Shennan, 2007).

To be clear, there are many research gaps that exist in this burgeoning field. Lockie and
Carpenter (2010), described that the services provided by biodiversity to agriculture and agricultural
communities requires more research and elaboration: “Comparatively few studies have been able
to articulate in detail the specific contributions of biodiversity to agricultural community livelihoods,
and vice versa. While it is almost universally accepted that biodiversity is essential for long-
term sustainability, food security and so on, our understanding of how biodiversity contributes to
farmers’ short-term economic well-being is relatively poor.” Ecosystem health also cannot merely
be described in terms of biodiversity. For example, the absolute number of species present within
an agroecosystem does not necessarily provide a useful indicator of functional biodiversity because
micro-scale conditions necessary to carry out ecosystem services and processes may only require
a few certain species (Swift et al. 2004). Variations with respect to time and space underlie the
difficulty measuring or quantifying the contributions of biodiversity to economic well-being.

Regardless of scale, diversity does play an important role in maintaining ecosystem health, but
as scale increases so does the importance of species richness, not just species composition (Hooper
et al. 2005). As scale increase a greater number and diversity of organisms are needed for the
maintenance of ecosystem functions. Diversity is critical to sustainable agricultural practices in other
ways too. For example, “Loss of diversity in agricultural landscapes has been linked to the disruption
of ecological functions, such as pest management (Settle et al. 1996; Wilby and Thomas 2002;
Shennan et al. 2004; Tscharntke et al. 2005)" (Shennan, 2008, p.719).

3.1.2 Future Orchard. We thus took an approach to analyze farmscaping for the experimental
habitat creation and restoration sites of the Cafiada Alamosa organic farm community of central New
Mexico. See the figure 7 series, starting on page 36. Here future practices were anticipated for
the purpose of doing a cost-benefit analysis, see the results section for discussion. Below describes
our methodology.

Farmscaping refers to the use of organisms and ecological processes to promote and manage
ecosystem services and biodiversity in agriculture settings. The goals of farmscaping are to
reduce the reliance of farms on pesticides and herbicides, promote natural systems and beneficial
processes, and establish sustainable agro-ecological systems. The principal approach of farmscaping
is to increase the diversity and abundance of beneficial species through the establishment of
supportive landscape elements, such as reservoirs, hedgerows, and connected patches of natural
habitat, and through the planting of particular plants and vegetation that attract and support
beneficials.
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figure 5¢. flooaplain reconnection area 1 pilot study: planting
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Beneficials are species, or groups of related species (taxa) that support crops grown for human
consumption. Invertebrates and microorganisms (e.g. arthropods, worms, bacteria, fungi, etc)
represent the largest group of beneficial species. However, the term can be applied to any taxa,
including vertebrates, which provide or contribute to ecosystem services, such as pollination, pest
control, soil development, decomposition, water retention, and ecosystem function and resiliency.

The use of beneficials to control pests of crops and ornamental plants is an important component
of Integrated Pest Management IPM). IPM is a large industry and active field of research, and was
established to reduce the reliance of farmers and land owners on pesticides and herbicides in the
control of insect pests and weedy plants. More information on IPM in New Mexico can be obtained
from the Western Small Farm IMP Working Group (see http://aces.nmsu.edu/ipm/documents/ipm-
symposium-poster-2012-wsf-ipm.pdf).

The future orchard project has several objectives, which involve two different spatial scales of
operation and implementation:

1) the local farm scale (two to three parcels and associated arroyos), for creation and
enhancement of riparian and seasonally aquatic habitats (i.e. terraced wetlands and
acequias).

2) the water shed scale (main channel of Alamosa Creek and associated arroyos), to reduce
seasonal flow rates, increase base flow, increase recharge of shallow aquifers, and restore
and enhance of wildlife corridors.

Goals And Methods. Goals of Farmscaping Analysis:
The goals of the farmscaping analysis presented here were to:
1) identify a subset of beneficial species from the regional species pool
2) establish a list of plants and vegetation communities that would promote the selected
beneficials
The overarching goals of farmscaping and habitat restoration within the Cafiada Alamosa organic
farm community and its watershed include:
= establish habitat for beneficial species
= improve the resilience of existing and created natural and agro-ecological systems
= create, enhance, and restore natural habitat, esp. riparian, seasonal aquatic habitat, and
wildlife movement corridors.

Criteria for Choosing Beneficial Species and Groups. \While many organisms may contribute
to the ecosystem services that support operational farming, researchers have identified specific
characteristics of organismal biology and ecology that can maximize a species’ contribution within a
farmscaping context. These include:
= Narrowly defined local distribution: abundance is tightly associated with specific habitats
and conditions
= Complementarity: species differ in their tolerance and need for specific environmental
conditions
= Specialization: the need for specific biotic resources (food items, shelter, nest habitat,
mutualists, etc.)
= Small habitat area: species that do not require extensive tracts of habitat, but which can
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figure ba. flooaplain reconnection area 1 pilot study: riparian buffers
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thrive within fragmented habitats and habitat islands

= High dispersal ability: the ability to rapidly colonize and re-colonize partially isolated habitat
patches

= Population stability: population structure and dynamics that are relatively stable and
predictable

In addition to the above characteristics, we considered the following preferred species traits,
which derive from the above characteristics, during the process of selecting beneficial species:

= provide a well-defined ecosystem service

= high population density

= low population variability

= strong population persistence

= narrow ecological niche

= activity periods that coincide with the timing of needed services

Design Criteria for Choosing Plants and Vegetation to Support Beneficials. To determine which
plants and vegetation communities would best promote the subset of beneficials identified for
farmscaping, we considered the following design elements as guiding criteria:

1) managed systems (plantings, new ponds, arroyo manipulation, etc) should be arranged and

designed to compliment each other in their ecosystem roles

2) nearby natural communities contribute inputs of beneficials and pests to managed lands

3) land use plan helps guide selection for plantings and beneficials

4) land cover map helps predict conditions that support plantings and beneficials

b) structural complexity of vegetation is often more important than species composition

6) habitat composition and structure is not static, but changes via natural succession and the

timing, frequency, and magnitude of water flows. Habitat conditions are also influenced by
disturbance.

Results. Plant and Vegetation Types that Promote Beneficials. A broad range of invertebrate and
vertebrate species were identified which have a strong potential to act as beneficials for the Cafiada
Alamosa organic farm community. Many of the species are known to be present in the vicinity,
and all are known to occur in the region. The beneficial taxa and recommendations for planting
are presented below in two tables (see 5) addendum: tables 1&2: beneficials & indicators (on page
103):

1) Table 1 lists principal beneficials for ecosystems services related to farming, and a range of

plants and vegetation that promote or facilitate their establishment and persistence.

2) Table 2 provides a listing for indicator species that indicate healthy vegetation communities.

3.1.3. Floodplain Reconnection Area #2.

To test a second practice, floodplain reconnection type: figure 4b. floodplain reconnection
practice types (on page 16)), we and the landowner expanded the project with matching funds and
installed the log jams. The objective is to deflect a portion of the water onto the adjacent pasture
floodplain, and lower the water energy in the channel itself. Riparian buffers were then planted to
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figure 6b. floodplain reconnection area 1 pilot study: riparian buffers

all cottonwoods

it Tl Sk

log jam to protect 2 cottonwoods & log jam to protect

cottonwood (in
middle)

1 willow

cottonwoods

sl A S0P S Rl S Rr S
e MR - 7% ﬁiﬁk r |
log jam to protect 2 cottonwoods &

1 willow cottonwoods T willow




aligning ecological restoration & community interests through active experimentation AL%‘NI() SA CREEK AND THE
grant agreement # R12AP80911; final report CANADA ALAMOSA COMMUNITY

reinforce the creation of a low floodplain in the channel. The methods are described in detail on
figure 4c. log jam methods (on page 18).

Activity 3.2 Design monitoring plan. \Ne designed a monitoring plan allowing analysis of
thresholds of extents of riparian habitat, labor and capital input to optimize the economic benefit to
the resource managers. The ecosystem services matrix (3) addendum: ecosystem services matrix (on
page 99)) serves the basis of assessing the existing project. Vegetation surveys, both field and
remote sensing, are a main data source for measuring the ecological health (see the results section
for discussion), as well as assessing productivity (also see the results “Future Orchard: Cost-benefit
analysis” for discussion. Project results have been and will be further fashioned to enable other
communities to replicate this process and the demonstrated practices and made available to the
local community and stakeholders, researchers, and policy makers, through scientific publications (a
minimum of one journal submission), and presentations (a minimum of two local and one conference
presentations). The team also needed to envision a watershed-scale monitoring plan. Discussion of
our methodology follows.

Planning Effort Needed to Establish a Successful Monitoring Plan. We considered the expense,
time, and effort required to reconnect a floodplain and enhance or restore related ecosystem services
and functions. To avoid wasting resources of manpower, time, and funds, such projects require
careful planning, including the establishment of a suitable long-term monitoring plan (Lindenmayer
et al. 2008, Reynolds et al. 2011). A well-designed monitoring plan can quantify the timing and
magnitude of system responses to experimental treatments, and ultimately assess the success of
key project goals. Thus, the monitoring plan is the principle method for assessing the success of
long-term projects reconnection project. For example, whether or not pre-determined thresholds
for system response are met can be assessed through periodic measurements. An example of a
threshold could be the minimum crop yield needed to sustain a single farm, economically, for one
year. The following outline presents the components of the monitoring plan as the community takes
on further work to restore the watershed to community and ecological resilience.

Success in monitoring in turn rests on the establishment of well-defined, and quantifiable, target
variables. However, the number of variables that may be considered for monitoring is often large. The
choice of what to include frequently differs among stakeholders, and is also influenced by funding
levels and manpower. Therefore, careful planning that involves stakeholders, scientists, managers,
and statisticians can spell the difference in the success of monitoring efforts (Lindenmayer and
Likens 2010b). Two important aspects of a successful monitoring plan are briefly described below.

Hierarchical Structure. The monitoring plan must assess a variety of goals and conditions, over
a range of spatial and temporal scales. Often, variables measured at lower scales represent the
units of measure for variables at higher scales. Thus, the monitoring plan is hierarchical in structure,
and higher level components often depend upon components from lower levels for input data. For
example, land use analysis for the project area depends on measurements taken at multiple spatial
scales, ranging from individual crop fields to sample quadrats that record changes in vegetation at
the scale of one to several square meters. Careful consideration of the hierarchical relationships
among the components of the monitoring plan can lead to more effective, efficient, and statistically
valid plans.

Statistical Design. For a monitoring plan to yield useful information, it must be amenable to
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statistical analysis. Therefore, every aspect of the monitoring plan must be designed for valid
statistical inference. This requires thoughtful consideration of which variables will be measured, how
they will be measured (e.g. scale, frequency, and method), and how changes, thresholds, or trend

will be assessed statistically. These issues depend on the primary questions addressed by project
hypotheses, and the key goals of the project.

Because of the complexity of ecological systems, and how such complexity influences the
success of project goals, careful planning must occur prior to the onset of experimental treatments.
Such planning requires a dialog between land holders, principle investigators, managers (including
farmers), and statisticians, to establish suitable goals, variables, and methods for monitoring
(Lindenmayer and Likens 2010a, Reynolds 2012). The time and effort (including time for design
analysis and meetings among key players) required for the development of a statistically valid
monitoring plan should therefore be included as a line item in proposals for long-term restoration
projects.

Measures of Progress and Success. Quantitative metrics of success are required to assess the
extent to which project goals are met. Such metrics would form the basis of the long-term monitoring
plan. First, we need to determine what to measure, and how to measure it. Setting thresholds for
success is a helpful approach, as the system can be monitored to determine when and if a threshold
(associated with one or more goals) is met.

For example, to understand how much water is required to exert a measurable change in the
system from a farmer’s perspective, we might want to know how much irrigation water (volume
required) is needed, and over what period of time, to bring a one acre of crop to fruition in a typical
year. Specific metrics can be designed to assess whether the required volume and time period of
water availability has been achieved from a given flood event, or for a given annual growing season.
See the results section for the final watershed-scale monitoring plan.

Activity 3.3 Conduct field surveys to obtain base measurements for monitoring. To
prepare for monitoring, we conducted vegetative surveys of base conditions both through field
measurements (Stacey et. al. method, 2006) and remote sensing, examine stream morphology
changes through field section measurements and remote sensing, and add information to GIS layers
for project results dissemination. See results section for further discussion. We initially considered
installing installing ground and surface water wells to assess fluctuations in base flow, however,
the team suspected that the scale would be too small to provide the ability to assess trends in
data relevant to project interventions, thus it was not in our original budget, and we confirmed this
assessment upon project design.

D) RESULTS. We set and met the below objectives and predicted and achieved the below
Outcomes, with further development expected, see discussion below.

Objectives of this project:

Objectives of this project:

m This project is a component of a larger Alamosa Land Institute (ALI) goal to restore the
watershed of Cafiada Alamosa.
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m Document/promote mutual incentives of ecological restoration & working landscape

practices

Promote restoration of traditional cultural practices that offer greater sustainability

Demonstrate the restoration of the riparian buffer along the historic perennial river

Work with the community to expand the historic practice of flooding the historic floodplains

Foster cultural practices which aim for maximum usage of flood waters and minimize erosion

and sediment deposition into Elephant Butte Dam

m Document the ecosystem services that the riparian buffer and other practices provide,
including an additional source of water for irrigation from floods, reestablished natural
regulating and supporting systems (including natural flood regimes), improved water quality
and sediment deposition, additional habitat provided to achieve a higher species richness,
and studied specifically for increased occurrence of pest predator species and federally
designated endangered species.

m Document and develop a community-wide dialogue on successful ecological practices, and
institute experimental projects to test traditional and new restoration approaches

Outcomes

m Documentation of community ecological knowledge and traditional practices

m  Working community group providing leadership to replicate lessons and practices

m Demonstration project completed, assessed, and successes promoted

m Promote the resulting ground-up model for ecological restoration and community involvement

Result 1.1. Research Framework Established. Adapting a protocol established by Huitema
et al (2009) (Huitema, D. (85)), we set forth three criteria for the collaborative watershed process to
facilitate socio-ecological resiliency:

3) watershed (or larger bioregional) scale management and planning approach focused upon

socio-ecological processes,

4) action experimentation for stakeholders to legitimatize planning efforts, and

5) collaborative polycen-tricity (multiple distinct centers of decision-making (Ostrom, E. (150)))

that includes a system of local control.
A measure of the framework’s ability to develop collaborative action will be stakeholder actions
and perception of legitimacy of being able to achieve socio-ecological resiliency before and after
significant action experiments and their asssessment, and thus a survey was developed and begun
with the focus group, (see “2) addendum: survey”) (note that the surveys were not part of initial
proposal and thus were not required to be complete, this is a step that has flowed out of the
developed methodology). The team defines resiliency here as the capacity of the socio-ecological
systems to continually change and adapt and yet remain within critical thresholds of structure and
function (Berkes, F. (12), Palmer, M. (152), Walker, B. (232)). The relationship between management
for community resource needs and the ability for the ecology to provide is often non-linear (Palmer,
M. (151)). Thus sense of place is a useful focus for measuring resilience because identifying its
components gives the team distinctive economic, social, and ecological indicators, as well as
motivates the building of collaborative partnerships to protect the place (Morton, L. (133)). The
completed in-depth interviews have identified four main indicators of socio-ecological resilience:
productivity, flood control, collaborative local system supported by outside social systems (policy,
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agencies, and scientists), and riparian and floodplain vegetation richness recovery, including
agricultural fields (see 8) addendum: interviews, introduction (on page 135)).

Criteria 1: Watershed-scale process approach. This team takes an integrated watershed scale
approach, established as essential for ecological restoration (e.g. Wohl, E. (742), Bernhardt, E. (14)).
Studies looking at ecological restoration efforts throughout the Southwest have found that many
interventions lacked this approach and consequently were at too small a scale to achieve significant
results (Shah, J. (190), Palmer, M. (151), Bernhardt, E. (14). We thus target restoration of the dynamic
natural and social processes instead of restoring to a static condition deemed to be the ecosystem'’s
climax (Sayre, Nathan F. (186), Shah, J. (190), Palmer, M. (151), Bernhardt, E. (14) Wohl, E. (742). This
requires functional indicators in addition to structural indicators to assess ecosystem health, with a
threshold measured by optimal resilience (Pa/mer, M. (153), Palmer, M. (152)).

Criteria 2: Action experimentation for stakeholders to legitimatize planning efforts. Action-based
research is the theoretical framework underlying several models that target introducing innovation
into socio-ecological systems. The capability for innovation is key to adaptation, which includes the
anticipation of failures, learning from them, and developing mores and methods for dealing with
change (7schakert, P. (210), Lebel, L. (104). Action research includes participatory action research
(PAR), adaptive co-management, transdisciplinary research, and community-based natural resource
management (Raymond, C. (170). PAR is described as emphasizing “central participation in the
research by people who are knowledgeable about the research topic from multiple perspectives,
affected by it, and who may wish to use the research to effect change. It enables collaborative forms
of inquiry as a means for gaining knowledge and applying it” (Raymond, C. (170). An early socio-
logical proponent of action research observed that “complex systems can only be explored through
ac-tion within the system, because a system'’s reaction to changes reveals its characteristics ('If
you want to know how things really work, just try to change them')” (Lewin, K. (110), Probst, K. (167).
Adaptation is within the process’ structure, consisting of three recurring stages: an inquiry leads
to an action, and reflection upon the actions begins a new inquiry (Kemmis, S. (95), Lewin, K. (111).
Without the right actions, however, unintended negative consequences have often historically arisen.
CPR laboratory and case study findings have found that increasing collaboration is key to increasing
net benefits. In CPR management, the individual is often not capable of remediating degradation,
multiple agents coordinating correct actions are required. The phenomenon of the tragedy of the
commons, as established by Hardin in 1968 (, shows that an individual’s incentive is to maximize his
or her yields to increase individual benefit as insurance against others taking more than their share,
resulting in lower overall yields. This is known as a commons dilemma, where private interests are
in conflict with the interests of the group. The work of Ostrom and others documented that this
dilemma has been thwarted through collaborative organization (e.g. Ostrom, E. (148), Ostrom, E.
(149), Poteete, A. (165)). This team’s framework incorporates components that have led to successful
collaboration in local systems as described in the research plan.

Criteria 3: Collaborative polycentricity that includes a system of local control. Collaboration
Is required both within the local system and between the distinct decision-making systems
(polycentricity) (Berkes, F. (10), Ostrom, E. (150). Local control is needed to fit practices to the local
conditions. Scientists need to facilitate greater local understanding of watershed-scale dynamics
and predictions of the effects of scaling up proposed practices. Policymakers and agencies have
needs and powerful abilities to craft their frameworks to support local land managers to adapt to
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new conditions (Lebel, L. (104). All the layers of governance affect regional ecological conditions, and
collaboration is required for long term planning to increase health.

Result 1.2. Research Framework Applied to Cafiada Alamosa watershed.

Criteria 1: Watershed-scale process approach. Taking a process approach, we can see that
throughout the Southwest the occurrence of increasingly catastrophic flood events has accelerated
the breakdown between human and natural systems in working landscapes, which have been
traditionally more dynami-cally linked. In the 1970’s, in response to the advent of significantly
increased flood intensity, many agri-cultural fields were bermed off from waterways. This fit within
a larger policy of constraining river flows. The acceleration of water runoff from watersheds has
resulted in a significant shift of consumptive water use from transpiration to evaporation. For this
and other reasons, today approximately 90% of Arizona and New Mexico's presettlement riparian
ecosystems have disappeared (Krzysik, A. (100), Grahame, John D. (73), Arizona State Parks. (6)). This
has led to a choice of floodplain restoration as a promising practice for experimentation.

Subcriteria 1.1: Keep water in the watershed and minimize evaporation by transferring to
transpiration. At present New Mexico policy is to move stormwater into reservoirs as quickly as
possible. In the Middle Rio Grande Basin, the result is that evaporation is the biggest water use
after agriculture. Over the past sixty years, Elephant Butte reservoir has had an average evaporation
rate of 150,000 acre feet per year (afpy), with a maximum rate of 230,000 afpy when it is full,
roughly twice the annual use in Albuquerque (Utton Center. (228), Thomson, B. (206)). This amounts
to 20% of all consumptive use in the Middle Rio Grande basin. Today, through-out the world, “more
water evaporates from reservoirs than is consumed by humans” (United Nations Environment
Programme (UNEP). (216)). Communities in the arid Southwest can little afford this consumption.
Thus a significant watershed-scale process ap-proach in semi-arid and desert regions is to maximize
infiltration of run-off in a watershed, thereby max-imizing opportunities to transfer evaporative
consumptive use to transpiration.

Subcriteria 1.2: Identify the role of ephemeral flows. Though floodplain reconnection along
riparian areas has evidenced much success, little study has addressed this practice along ephemeral
waterways, arroyos as they are known in the Southwest. Semiarid and desert systems naturally have
more tightly coupled relationships between water and vegetation than humid areas. Rather than
soil storage capacity, the presence of concentrated bands of vegetation and other surface storage
sinks controls the rate of infiltration (Wilcox, B. (238), Beven, K. (15), Tongway, D. (209), Hysell,

M. (88), Thornes, J. (207)). Integrated watershed approaches are essential, as the effect of flood
disturbances do not change linearly with scale, vegetation loss at these higher stream-order areas,
usually arroyos, can see the rate of run-off and erosion accelerate over time and cross the threshold
of recovery without intervention (Wilcox, B. (238), Hysell, M. (88)). For over a century, establishing the
cause of erosion and arroyo downcutting have been at the heart of a scientific debate between the
effects of climate versus reduced vegetation cover, with evidence that both have been contributing
factors (Bryan, K. (19), Bryan, K. (20), Anderies, J. (3), Leopold, L. (107), Gellis, A. (64), Tuan, Y. (212).
Some restoration successes have been achieved; however, most methods are designed to either
restore perennial, non-flood flows or to interact with only the lightest flood flows (Rosgen, D. (179),
Wilcox, B. (238), Zeedyk, B. (244)). To achieve reductions in runoff and hydrograph peaks, this team'’s
current studies show that a watershed-scale floodplain reconnection approach that takes into
account arroyo systems, going beyond the main stem, is essential.
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figure 8b. floodplain reconnection area 2 pilot study: site description
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Subcriteria 1.3: Identify role of uplands. Among the most important strategies for upland
restoration in degraded areas is rest from or elimination of grazing (e.g. Sayre, N. (185), Sayre,
Nathan F. (186)). In Cahada Alamosa, the quantity of potentially irrigated fields can expand pasture
grazing and allow upland rest. This will require combinations of increased water supply to fields and
additional incentives for upland rest.

Criteria 2: Action experimentation for stakeholders to legitimatize planning efforts.

Subcriteria 2.1: Fit to local biophysical conditions & attributes of community, Process yields
productivity (Ostrom, E. (148), Ostrom, E. (150), Poteete, A. (165), Lindenmayer, D. (112), Brooks, J. (22)
Cifdaloz, O. (34), Chevalier, J. (32), Costanza, R. (35), Brauman, K. (18), Ostrom, E. (149). The team will
provide multiple means for participant communication without consequences from outside entities
(“cheap talk”), found by CPR research to facilitate collaboration and fitting the interventions to the
local conditions. That floodplain reconnection provides additional water sources is a significant
incentive to local land managers. These elements are required for stakeholders to consider the
process legitimate, to be worth their time and to be convincing of merit.

Subcriteria 2.2: Frame the observational study and conduct initial surveys. Recommended
principles for economic natural field experiments frame the constraints for the observational
study of the experiments (Lindenmayer, D. (112), Levitt, S. (109). The need for high-quality data in
natural field experiments is paramount since the context is complex, unlike laboratory experiments
(Poteete, A. (165), List, J. (115)). Our theoretical framework guides the project design and establishes
the evaluation measures, as described in the plan for indicators. The study control is the existing
condition, the socio-ecological state without experimentation, and is established through measuring
the existing indicators of resilience. Knowledge of the study area and the organizational dynamics
is high through senior team investigators being active locals, having completed previous research,
and having ample access to the site areas to facilitate current research. The experimental approach
emphasizes the trust-building process, which begins with working with local leaders to champion the
effort. The targeted goal is for the irrigation association (acequia) to undertake a watershed planning
process. Acequias are considerably vested in the outcome of the situation, their structures are based
on cooperation, and they are often, as in this case, the only local organizations to have jurisdictional
governance. The sample size approached thus far has been representative of the population, and
subsequent watershed activities will approach the entire population of the watershed through
several forms of notification. Making clear that none of us have all the answers has been and will
continue to be essential for fostering creativity and establishing the need for multiple experiments
in order to continually introduce innovation. The experimentation has been guided by local needs
to arrive at practices that provide legitimate benefits. Targeting the hydrologic and vegetation
practices, however, has framed the experiments on the community identified priorities and muted
the danger of diverting to unrelated local priorities. Legitimacy and thus also fairness has guided all
aspects of the project. The initial interviews for this study have IRB approval, as will all subsequent
interviews, surveys, and focus group activities.

Field interviews and surveys establish a base-line measure of the locals’ considered level of
legitimacy in the ability to achieve socio-ecological resiliency. The group’s actions to systemize
their levels of collaboration over time in subsequent projects will be measured. This measure will
conform to the latest economic CPR framework for analyzing social-ecological systems to allow for
interdisciplinary and broad case study analysis (Poteete, A. (165)). Base-line research has begun to
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figure 8c. floodplain reconnection area 2 pilot study: site description
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collect individuals” perceived likelihood to do the actions described following (see “2) addendum: survey”).
Subsequent evaluation will measure completed actions:

= collaboration in paid floodplain reconnection,

= additional water put to use,

= measure of productivity impacts,

= encourage others to participate,

= systemization of the process into a watershed alliance,

= practices independently enacted,

= a plan developed,

= the plan advocated, and

= additional projects undertaken.
Survey work to assess the group members’ perception of legitimacy of the practice to achieve socio-ecological
resiliency has begun using questions on the importance of the identified framework elements:

o a)an understanding of watershed scale processes,

o b)engaging in experi-ments to encourage creativity and fit potential practices to local conditions,

= ¢) collaboration both internally in the local systems and with support from outside scientific and

jurisdictional entities, and

= d) the likelihood that plan will achieve the identified measures of socio-ecological resiliency.
Change will be measured through comparing final surveys.

Criteria 3: Collaborative polycentricity that includes a system of local control.

Subcriteria 3.1: Build a team of outside scientific, agency and policy supporting the local group that holds
control. The local stakeholders had the authority to make and modify action experiments rules (Ostrom,
E. (150)). Collaboration with the team scientists provided technical support, and with this agency, needed
financial assistance to enact the experiment. This project forms the basis for future community and agency
collaboration (discussed further in the dissemination section). Marginal (individual) rates of net benefits in CPR
systems are expected to increase with increased participation, further incentivizing local collaboration.

Result 2.1. Interviews.

Process approach. As discussed in this report, a practice that we gave considerable focus to is the
traditional use of flood waters for irrigation, which mimic natural processes. Scientific research has shown
that the widespread practice of berming off fertile floodplains for agricultural fields throughout the Southwest
have constrained rivers’ natural processes, decreased area for flooding and thus increased the intensity of
flooding. However, at one time farmers managed the floodwater connection onto the floodplain fields for
irrigation and minimal damage throughout the canyon.

History of Floodplain connectivity in Cafiada Alamosa. It is known that people farmed in this canyon at least
as far back as the 600s (Human Systems Research (HSR, Laumbach, Karl W. (86)), but the first written record
of irrigation ditches dates to 1864 (Wilson, John. (240))1. South of Cafiada Alamosa, the perennial stream
sunk underground at some point, prompting Alamosa residents to extend ditches at least twenty miles down
to the Rio Grande, a significant feat, not one still in existence today. Farming was done off of the irrigation
ditch, sourced from the perennial stream as well from flood waters. At some point, protection from the floods
both for the ditch and to cultivate agricultural lands on the rich floodplains inspired people to build berms.

1 Wilson points out that there is no record that the ditches were a repair and expansion of an earlier one created by the Apaches, but
that it was possible. Opler’s extensive testimonials show the Warm Springs Apache indicated that they farmed in this area (Opler, Morris. (145)).
Evidence of Apache farming with the aid of irrigation appears in adjacent canyons both the 1850s and a century earlier.
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Occassionally berms also protected roads. Over time progressively more land became disconnected
from the floods, decreasing the area that the floods" waters could occupy, and thus increasing its
energy. The higher the energy, the greater tendency for the floods to scour deeper channels, dropping
the water level, further disconnecting flood plains. The effects begin at the mouth of the system, so
the main stem drops first deeper than the arroyos that run into it, accelerating the arroyo tributaries
to also begin to drop. A severe drought from 1871-1904 (Antevs, Ernst. (5)) increased scouring, further
decreasing vegetation, further decreasing water infiltration.

It is remarkable that the earliest Hispanic farmers irrigated their fields through their ditches
with water sourced not only from the perennial stream, but from the floods themselves. It points the
way to one significant tool to lessen the energy of the catastrophic floods, usually seen as a relic of
history. It is a commonly-held view that only Native Americans utilized flood waters for farming.

Wilson cites several sources that systematically inventoried the irrigation ditches along the Rio
Grande and its tributaries allowing for a “nearly complete inventory of historical irrgation systems
in Sierra County.” He attributes Herbert W. Yeo, during Yeo's service as the state engineer for New
Mexico, as distinguishing “for the first time between ditches that diverted flood waters and that
those that used perennial stream flows or springs... On lower Alamosa Creek, in 1940 Yeo listing
six flood irrigation systems along the middle and lower reaches of Alamosa Creek, 282 acres of the
666 acres found to be irrigated, 42%.” See “4) addendum: 1940 Yeo irrigation survey”. Yeo describes
the methodology as usually a sand fill dam in the main creek to divert the waters into the individual
farmer’s ditch irrigation system.

Flood water farming was a thriving business for farmers in the main stream valleys in New
Mexico such as the Rio Puerco until 1880 (Bryan, K. (20)).

Juan Bandera, who came from Texas and settled near San Ignacio in 1882, told me that low brush
dams were thrown across the channel during later phases of a flood, and the water was diverted into
ditches or simply warped over the land. At times of great floods the whole valley floor was inundated
and so saturated that no futher irrigation was necessary that year. Near Cabezon the channel of the
river was so shallow that, according to the recollection of Meliton Chaves, one man could divert the
water by felling a cottonwood across the channel and using the branches to make a dam.

Lands dependent on flood waters were largely devoted to feed crops due to its unpredicatability,

but the systems were not necessarily small or unproductive, Yeo describing one as “an elaborate
distribution system in excellent condition and evidence of good crops produced on the land.” It is also
speculated that flood farming may have been used for far more ambitious farming than pasture land,
certainly in conjunction with the availability of a constant water supply; “... the twentieth-century
view that subsistence farming doomed families to a minimal economic level does not reflect farmers’
expectations accurately when settlements were formed initially many years earlier”(Wilson, John.
(240)), as evidenced by bountiful crop sales records. Enough crop yields kept a wheat mill going

full time just north of Monticello. Today, a few ranchers continue to utilize irrigation from the flood
waters for their pasture land by the same method, aided further by the use of a backhoe creating the
dam (Jeffries, Majordomo, Monticello Ditch Association, and Gary Sullivan, pers. com.) As Sullivan
points out, flood waters are the best waters, due to having rich nutrients. He adds, though the
sediments and flood energy bring the fields out of level, when he was growing up the canyon was
greener and the vegetation helped to filter out these effects. Wilson also mentions that river bend
farming likely also occurred, the practice of planting a newly flooded floodplain.
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figure 8e. floodplain reconnection area 2 pilot study: riparian buffer
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This practice is still used, however the amount of sediment deposition upon the fields requires
releveling, and provides a significant obstacle to use as frequently as desired. A widespread return
to this tradition practice would both restore some of the natural hydrological functions (it spreads
the water and flood energy out, infiltrates the water into a riparian buffer, and increases the soil’s
water storage and the Creek’s baseflow) and increases available water for agriculture. We proposed
that a restored riparian buffer along the main channel can filter out this sediment deposition. In
our discussions, we derived four main floodplain reconnection practices (see “figure 4a. floodplain
reconnection practice types”, “figure 4b. floodplain reconnection practice types”, and “figure 4c. log
jam methods”).

= practice | - leveled productive floodplain fields reconnected through acequia ditch system

generally with ponds

= practice ll- reconnected pasture floodplain fields terraced with shallow pond retention, even

sheet flow over entire floodplain for maximum infiltration.

= practice lll- reconnected pasture floodplain fields: log jams bump water onto floodplains, no

berms, distribution of seedballs containing locally sourced native shrub and grass seeds

= practice V- riparian buffer restoration / bank stabilization: extend side bar in channel, log

jam mat to protect plantings. Until the buffer is fully restored, a berm protecting the farmer’s
fields can be rebuilt outside the riparian buffer with headgates installed to provide control to
allow floodwaters into the field at the point of maximum filtration.
Other potential practices that we discussed were the development of riparian and field buffers for
flood water filtration and increase of biological diversity and pest predation, and ponding of flood
and acequia water for slow release as allowed by local acequia laws if the owner has the water
rights.

Governance parameters. Three main governance systems have jurisdiction over local land
managers’ ability to reconnect floodplains: flood control, prior appropriation doctrine (common to
western water law), and acequias. Flood control is managed by conservancy districts, flood con-
trol districts, and soil and water conservation districts (SWCD), with the jurisdiction to reconnect
floodplains under their power over “flood control, drainage, irrigation, and water storage” with the
purpose of providing soil and water conservation and flood control under their mandate to “promote
the health, safety, prosperity, security and general welfare of the inhabitants of the districts and of
the state” (Sierra Soil and Water Conservation District (SSWCD). (193)). Thus, these entities currently
hold jurisdiction to promote floodplain reconnection as long as they discharge any managed water
within 96 hours, the requirement for dams to not be regulated by the state engineer (New Mexico
Office of the State Engineer. (138)). The second governance system, prior appropriation in western
water law, establishes that any water put to beneficial use falls under the regulation of the state
water engineer and requires a water right subject to seniority per the originally declared water
source (“first in time, first in right,” hence the term prior appropriation) and is regulated per the
specified point of diversion (Utton Center. (228)). Acequias are cooperative, generally small-scale
systems. These bodies are parallel to the state’s prior appropriation framework, where the entire
acequia functions as one user that is entitled to the seniority established with their water rights,
often being the most senior after the Native American Pueblos.

This study area is an ideal location because the users hold the jurisdictional ability to reconnect
floodplains, flood control is a top priority for the community (Natural Resources Conservation Service
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ﬁgur e 9a. base monitor /'ng.' species richness - potential habitat
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(NRCS). (136)), and thus floodplain reconnection is a practice that has urgency to be considered. The
users hold water rights, the acequia’s point of diversion is in compliance, it is the entirety of Alamosa
Creek, and the beneficial use of flood water is an established practice with documented use of flood
flow as described above. The users intend to replenish ground water, and thus intend to release the
waters within 96 hours regardless of water rights thus inhibiting evaporation, a second measure of
protection for their strategy. Strategies to expand floodplain reconnection practices are urgently
needed for the Southwest, as other users have challenges that can inhibit this use, and are discussed
in the Conclusions and Recommendations section.

Result 2.2. The critical structural and functional indicators and their thresholds for
watershed community and ecological resiliency identified.
Basis for future work: The ecosystem services assessment and watershed-scale monitoring
plan outlined below will be proposed for collaborative discussion for indicators of socio-ecological
resiliency in future community meetings addressing watershed health. The proposed indicators used
for this study have been gathered in a form that can be statistically analyzed (Lindenmayer, D. (113),
Reynolds, J. (173)). Indicator selection criterion is that they be a) inclusive enough to provide an
understanding of the system dynamics and the threshold effectiveness of the intervention, b) simple
enough to be realistically implemented and broadly applicable (Lindenmayer, D. (112), Reynolds, J.
(173)), and c) able to indicate success. Relationships between significant dynamics inform which
measures give us the ability to extrapolate greater information on the system, and focusing on those
will maximize the monitoring efficiency. The proposed indicators agree with the criteria for the
process to facilitate socio-ecological resiliency. The final measure of resilience will be the indicator
responses to actual and potential scenarios of annual variations in flood flows and precipitation
falling within a targeted threshold range. Indicators currently deemed necessary for socio-ecological
resiliency:
Agricultural Productivity (structural and functional):
= increase in land in active crop production, eliminating contiguous fallow fields;
= irrigation requirements met for a range of crops allowing for diversity, crop rotation, and
economic development;
= reliable irrigation needs monitored through ground water levels and presence of springs;
= volume of crop produced and market yield of crop per acre at good to optimal;
= cost-benefit analysis indicating minimal profit (ok for current locals, many do not break
even now, but are still committed to place) or above (measure for attractiveness for future
generations).
Flood control (functional):
= overall indicators shall be the flow regime,
= the extent of connectivity and the scale of connectivity (Opperman, J. (147)), encompassing
key hydrograph components for vegetative recruitment (with a focus on cottonwood needs
of the timing and magnitude of flood peaks, the rate of decline of the recession limb, and the
magnitude of base flows (hydrograph));
= and the measurement of erosion rates below identified thresholds and/or captured in
greenbelts.
Riparian and floodplain (fields) vegetation richness recovery (structural):
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ﬁgur e 9b. base monitor /'ng.' vegetation lists and surveys

Floodplain Reconnection Area 1: Pond area: Vegetation Survey post-winter, 6/23/2014

species original live no  Notes (field counts differ because adjustments were made
qty count signs in analysis, see notes)
(invqty)  (field  of life
count) count
fremont cottonwood 21 (20) 18 3
goodding’s willow 22 (20) 21 1(2) Atthis stage of machurity, it was not possible to positively
salix exigua, coyote willow 15 g 6 (5) distinguish between the willows, thus the adjustments in the
' presumed totals. This survey will be adjusted in later stages as
species can be positively identified.
foresteria neomexicana, nm olive 15 15 0
rhus trilobata, three leaf sumac/skunkbush 14 (15) 14 0
amorpha fruiticosa, false indigo bush 16 (15) 16 0
anemopsis californica, yerba manza 50 0 50 (67)
grasses (1385) 278 608 Inthis first post-winter season, it was not possible to distinguish
summary (591)  between the grass types, 549 not counted, either covered by
of below russian thistle (most in the middle of pond area) or not apparent
carex emoryi, emory’s sedge 100 Note significant number of forbs returned, impairing our ability to
survey for grasses.
carex hystricina, porcupine sedge 100
disticlis stricta, saltgrass 100
eleocharis parishii, desert spikerush 100
eleocharis palustris, creeping spike rush 100
juncus balticus, baltic rush 100
muhlenbergia asperifolia, scratchgrass 100
puccinellia nuttalliana, nuttall’s alkali grass 100
ranunculus cymbalara, marsh buttercup 25 None survived
scirpus acutus, hardstem bulrush 100 Not likely any survived, most were planted in middle of pond
scirpus maritimus, saltmarsh bulrush 100 Not likely any survived, most were planted in middle of pond
scirpus pungens, three square rush 100 Not likely any survived, most were planted in middle of pond
scirpus validus, softstem bulrush 100 Not likely any survived, most were planted in middle of pond
sporobolus airoides, alkali sacaton 80
sporobolus wrightii, giant sacaton 80
Total 1535 84 Trees: 70, Bushes: 80; Grasses: 1385




aligning ecological restoration & community interests through active experimentation AL%‘NI() SA CREEK AND THE
grant agreement # R12AP80911; final report CANADA ALAMOSA COMMUNITY

= Primary:
o extent (e.g. acres) of new riparian vegetation around ponds and ditches;
o extent and distribution of new patches of beneficial terrestrial vegetation within the
agro-ecological matrix;
o metrics of community structure for natural vegetation (riparian woodland, beneficial
vegetation);
= Secondary study:
o area, diversity, and percent cover of plants that support beneficial species;
o creation/enhancement of corridors for beneficial species and general wildlife;
o beneficials: identify species that can serve as proxies for ecosystem function (e.g.
pollinators, insectivores) and
O measure species diversity, density of key species, period of occupancy.
Collaborative local system with positive outside social system influences:
= (additional measures established at the base as described in the observational study section)
the group’s actions to systemize their internal collaboration;
= group members’ perception of legitimacy of practice to achieve socio-ecological resiliency
through measuring perception of action research and collaborative polycentricity.

Result 3.1: Collaborative action experiments and base monitoring results.

3.1.1 Floodplain Reconnection Area #1 and Riparian Buffers. Following the installation of the
project, a focus group of community members convened to review the project and discussed future
watershed restoration goals. This focus group decided to promote their goals with the remaining
community.

Pond area. The pond successfully filled, and as discussed previously, it sealed on the second
fill, demonstrating a significant amount of sediment deposition. In the dry spring season, the clay
bottom of the pond cracked to a depth of 8", which is likely the aggregate of the sediment deposition
combined with the top layer of soil beneath it.

Upon switching to a pipe to protect the section of berm removal, erosion was mostly mitigated.
We completed one survey of what appeared to survive through the winter. Subsequent surveys will
be done post-monsoon, in comparison to our floodplain control area (see figure 9d. base monitoring:
floodplain reconnection area 2 (floodplain) (on page 58)). We assessed the results of the plantings
with Ross Coleman, as is discussed below. With the exception of the yerba mansa (none of which
survived), 90% of the trees and shrubs around the pond made it through the winter (see figure 9b.
base monitoring: vegetation lists and surveys (on page 54)) which is remarkable, as Rose Coleman
described that this one of the toughest sites he has ever seen, “the hydrology is not on our side”
(figure 9b. base monitoring: vegetation lists and surveys (on page 54)). Over 25% of the grasses
apparent to survey methods showed signs of life, though those that didn’'t may come back after
the monsoon season. Note significant number of forbs returned, impairing our ability to survey
approximately 40% of the grasses.

Riparian buffers. The experiment is to see what does survive in such a harsh environment,
the beginning of the restoration of an area; success would be a handful of species. 83% of the
Goodding's Willows survived, while many of the cottonwoods do not appear to have survived. Only
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f/'gur e 9c. base monitoring: vegetation lists and surveys, cont.

Floodplain Reconnection Area 1: Riparian Buffers survey post-winter, 6/23/2014

species original live no Notes
qty count signs
(inv qty) of life
count
fremont cottonwood 16 6 10
goodding’s willow 3 3 0
Total 19 9 10

Floodplain Reconnection Area 2: Riparian Buffer survey post-winter, 6/23/2014

species original live no Notes
qty count signs
(inv qty) of life
count
fremont cottonwood 10 0 10
goodding’s willow 3 Z 1

Total 13 2 11
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the cottonwoods that were locally sourced show signs of life at this time; they were the larger
diameter, and thus had more water storage to meet the higher temperatures of late May and June,
thus contributing to a future cottonwood establishment plan. Most of the trees made it through the
dormant seasons, which is common, it is a race for the trees to make enough roots to make it through
the late spring and summer hot and dry periods. This year's higher temperatures with little rain in the
spring could have tipped the balance for some of the trees that likely did not survive. They leaf out,
start to turn yellow, or at times even when they are still pale green, they dry and become desiccated
because they don't have enough roots yet to pull out enough water from ground. One additional test
will be to scar the trees to look for signs of life: using a pen knife, if it is pale green and dry then
they are likely dead, if it is bright leaf green then they are likely alive and we are to cut leaving only
6" or 8" above grade, or at ground level. They will sometimes sprout from the cut, sometimes from
under ground, and sometimes come up months later. Theoretically the tree can survive if it doesn't
dry out again. It will shrubify, but later lower branches will die off. In the future, a suggested method
is to use fat 12" poles, bury them so that only 4" is left above ground, leaving less leaf area for the
tree to try to support. Digging down deeper does not help because a cottonwood is only capable of
lifting water about 9, with very limited success deeper. Trying to grow roots in water before planting
is also difficult because cottonwood roots are delicate and tend to break off when they are over /4"
long.

Willow survival. The willow survival rate is of particular interest, especially in this period of
climate change. In the southern part of New Mexico, one finds more Gooddings” Willows; they
appear to be able to stand the heat better than Cottonwoods. They also tend to grow closer to river,
and can tolerate sand and clayey soils. Because of this, additionally that the Willow Flycatchers
like them, and that the middle rio grande region has lost so many Gooddings" Willows, there are
now more requests for Goodding’s Willows than cottonwoods by two to one from groups engaged
in restoration efforts such as the Army Corps of Engineers. At a 260-acre burn site on the Sandia
Pueblo three or four years ago, the above ground conditions were so alkaline and degraded that
most of the cottonwoods died above ground (though they were still alive below ground), however the
Willows survived. Of additional note is that one can harvest Goodding's Willow branches, though it is
hard to find branches long enough and straight enough, it is possible.

3.1.2 Future Orchard: Cost-benefit analysis.

Cost-Benefit Analysis.

In this report we examined various agroecological design elements that that have been shown
in other areas to enhance ecosystem structure, function and processes. To show the benefit to
these smaller-scale agricultural producers, we projected a cost-benefit analysis of three scenarios
for the future nearly 6-acre organic orchard now possible with the alternate source of water. We
took a systematic approach to estimate the economic strengths and weaknesses for the three
agroecological design scenarios that include different levels of financial commitment to achieve.
Our results provide information that can be used to examine the benefits in terms of projected
production, labor, and cost savings. The multifunctional benefits of healthy agroecological systems
are not described here, but are important none the less as they provide rich benefits to users, wildlife
and to society. The three scenarios include the range of, A) substantially few agroecological design
attributes; B) moderate; and C) significant agroecological design attributes. Scenario B has been used




grant agreement #: R12AP80911, final report

figure 9d. base monitoring: floodplain reconnection area 2 (floodplain)

1.

Description: Modified cover transect approach, looking at the presence or absence of vegetation along a transect
one meter in from the main channel in each of four structure layers--ground layer, shrub, layer, middle canopy layer,
and upper canopy layer (see Stacey et al, 2006 for a description of the method and biological justification).

2. Goal: Examine the expected increase in vegetation in the riparian zone as the resource islands of the intended
restoration develop through time.

3. Timing: Baseline and post-intervention, in the same season each year for monitoring period, sometime between late
spring and fall before the first frost.

4. Documentation: Identify locations indicating GPS locations (NAD ‘83) photograph the upstream and downstream
shots at each end of the transect and at points useful for future comparison

5. Establishment of Transects: 200 meter sample transects located on the adjacent banks or along the extent of the
intervention if areas are not large, mark each end of the transect with a flag and later with a metal stake. Measure
both a non-intervention control and the area affected by the restoration intervention.

6. Method: Using an ocular cross-hair tube (or an empty toilet paper role), walk along the transect, every 2 meters look
directly up and down through the tube, and record the presence or absence of plant material (dead or alive) seen in
through the tube. Practice a 1m step in advance, and take two steps. Use the number of “hits” through the tube for
cover in each layer (out of 100 samples along the 200m transect) to determine percent cover for that layer.

Location: Date: GPS - beg: ending:
Lemes control flood plain 10/18/2013
Indicator Value Occurences Notes
1. Vegetation Cover Present - Yes 34 types: (quantity larger than total
Ground Layer because of multiple occurrences)
description: both living grass and herbaceous No 0 black gramma 14
vegetation, and dead vegetative matter up to 1 goathead 20
meter above the ground. nightshade 2
- _ arrow root |
2. Vegetation State - Live 33 fluff grass 2
Ground Layer russian thistle 2
cane beardgrass 2
grass 2
description: this # should match indicator 1, N/A Dead |
is when presence was “no”
N/A One kangaroo rat den
3. Vegetation Cover Present - Yes 1 likely a mesquite
Shrub Layer
description: woody perennial vegetation No 33
occurring up to 4 meters above the ground
4. Vegetation Cover Present - Yes 0
Middle Canopy Layer
description: large shrub and small No 34
tree cover 4-10 meters above the ground
5. Vegetation Cover Present - Yes 0
Upper Canopy Layer
description: tree cover greater than 10 No 34

meters above the ground.

source: Stacey modified practice based upon: Stacey, P.B., A. Jones and J. Catlin. 2006. A User’s Guide for the Rapid Assessment of

the Functional Condition of Stream-Riparian Ecosystems in the American Southwest. Wild Utah Project, Salt Lake City, UT.
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as our base model for our CBA; scenarios A and C are based off of totals generated from scenario B.

While not represented in this cost-benefit analysis, the multifunctional benefits provided by the
community-valued ecosystem services identified in the interview and focus group process may want
to be considered quantitatively, as they will generate a net-revenue stream of benefits. However,
they are difficult to quantify and we have listed them outside the scope of this CBA (e.g. aesthetics,
cultural significance etc.), rather than assign economic values so that the economic approach can
contain fewer assumptions, once again, see the 3) addendum: ecosystem services matrix (on page
99).

Net present value was used to project the value of future revenue coming in into today’s dollars.

NPV(i,N) =) %

Where t, is the time of the cash flow in years; i is the discount rate, or the rate of return that
could be earned in other financial markets with similar risk; where Rt is the net cash inflow or
revenue, N is the total number of periods or years, Ro, not depicted in the above formula is the initial
investment or fixed costs and would appear on the top line to the left of the Rt.

Determination of an appropriate discount rate is a key component in any NPV analysis. The use
of a discount rate takes account of the changing (declining) value of money over time. An important
factor in the determination will be whether the project or investment is private or public. Private
discount rates are typically set based on opportunity costs, using short to mid-term investment rates
that the organization would have earned reflecting investment earnings actually available in the
market for the period under analysis and at risk levels the organization is willing to tolerate (Water
Research Foundation, 2008). For this model, an 8% discount rate was used based on opportunity
cost.

To simplify our methodology for examining the economic relationship between agroecological
design elements (windbreaks, cover cropping, increased biodiversity etc.) and production, or
increased net-revenue stream of benefits we have made generalizations and assumptions. These
assumptions may weaken our models our models reliability, but provide a rough estimate of possible
returns on investment when including agroecological attributes into an agrosystem on a small scale.
We have attributed monetary costs to both fixed and variable catagory costs.

Fixed costs associated with agroecological improvements or installations have been determined
through the NRCS. Conservative estimates of variable costs have been determined both through
agricultural experience and after a literature review of the field. Conservative numbers have been
used to describe the relationships between farm system inputs and production and to illustrate
the possible economic returns due to a lack of conclusive supporting research that demonstrates
the relationship between Agroecology elements and economic return on investment (Lockie and
Carpenter, 2010). With respect to agroecological design installations, scenarios B and C have been
assigned both fixed costs and variable costs, scenario A has only been assigned values for variable
costs.

Scenario B is the base model in our CBA analysis. We assumed that a moderate level of
agroecological elements have been purposefully added, as a part of the active management plan
for the organic orchard, specifically to improve ecosystem services and improve production. The
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ﬁQUf e 10a. cost benefit ana/ys/s: comparison of 3 agroecological scenarios

Scenario B (base model, includes cover cropping

Fiscal Year

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026
Undiscounted Flows
Costs -$175,464 -$33,731 -$37,270 -$40,575 -$41,923 -$43,523 -$43,523 -$45,123 -$44,955 -$44,955 -$44,955 -$44,955
Benefits $0 $0 $0 $12,163 $33,701 $51,607 $76,522 $114,953 $170,796 $170,796 $170,796 $170,796
Net Cash Flow -$175,464 -$33,731 -$37,270 -$28,412 -$8,222 $8,084 $32,998 $69,829 $125,840 $125,840 $125,840 $125,840
Discount Factors
Discount Rate 8.0%
Base Year 2015
Year Index 0 1 2 3 4 5 6 7 8 9 10 11
Discount Factor 1.0000 0.9259 0.8573 0.7938 0.7350 0.6806 0.6302 0.5835 0.5403 0.5002 0.4632 0.4289
Discounted Flows
Costs -$175,464 -$31,233 -$31,953 -$32,210 -$30,815 -$29,621 -$27,427 -$26,329 -$24,288 -$22,489 -$20,823 -$19,281
Benefits $0 $0 $0 $9,655 $24,771 $35,123 $48,222 $67,074 $92,276 $85,440 $79,111 $73,251
Net -$175,464 -$31,233 -$31,953 -$22,555 -$6,044 $5,502 $20,795 $40,745 $67,988 $62,951 $58,288 $53,971
Cumulative -$175,464  -$206,697  -$238,650  -$261,205  -$267,248  -$261,746  -$240,952  -$200,207  -$132,220 -$69,268 -$10,980 $42,991
Net Present Value $42,991
Internal Rate of Return 10%

Undiscounted Cash Flows
Discounted Cash Flow
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scenario included a cover-cropping strategy to improve nutrient cycling, reduce erosion, lower

soil temperature, improve infiltration and augment available nitrogen to the plant through the

use of legumes. The integration of healthy cover crops into a cropping system has many benefits
including the promotion of pest suppression, soil and water quality, nutrient cycling and efficiency,
and potential increased cash crop productivity (Snapp et al. 2005, Phillips 2011). This scenario also
includes the addition of native shrubs, grasses and trees along the hedgerows of the orchard. More
complex and diverse systems may provide increased opportunities for beneficial insect relationships
including parasitoids (Marino and Landis, 1996).

Scenario A, assumed no agroecological elements have been intentionally added for the purpose
of improving ecosystem services, including provisioning services. This scenario includes bare soil
between rows of trees with no windbreaks. Under bare-soil conditions labor increases either through
weed management or tillage. In one groundcover orchard management study bare soil conditions
that required tillage demonstrated reductions in soil organic matter content, water infiltration and
saturate hydraulic conductivity, conversely in cover crop strategies demonstrated increases (Merwin,
Styles and Van es 1994). Similarly, tillage in bare-soil orchards may lead to a decrease in soil
structure or aggregate, microbial activity and organic carbon content (Ramos et al, 2010).

Scenario A has been assigned assumptions based upon interviews with other organic farmers in
the area regarding the following values; 2.5% increase in labor, 5% decrease in production/yield each
year for production, and an additional 2.5% increase other non-labor costs. Without the strategies
listed in Scenario B, the bare soil creates an increase in temperatures, water evaporation from the
shallow ground aquifer, and erosion; a decrease in water, nutrient availability, and thus yields for
crops; and creates ideal conditions for weeds and pests requiring labor of removal and treating.

Scenario C, assumed significant levels of agroecological elements have been purposefully added,
as a part of the active management plan for the organic orchard, specifically to improve ecosystem
services and improve production. The scenario included the Scenario B elements of a cover-cropping
strategy to improve nutrient cycling, reduce erosion, lower soil temperature, improve infiltration, and
augment available nitrogen to the plant through the use of legumes (Snapp et al. 2005). This scenario
additionally includes native shrubs, grasses, trees and flowers along the hedgerows and riparian
buffers of the orchard, as well as the installation of bat boxes to encourage bat habitation for
predation of undesirable insect species. Hedgerow intercropping has been demonstrated to attract
beneficial insect, increase diversity and species richness in some circumstances; hedgerow plantings
can be important elements of food web structure and ecosystem services (Pisani-Gareau and
Shennan, 2010). Further, the great abundance and diversity of arthropods found in one hedgerow
study emphasized the status of hedges as one of the most important noncrop habitats on farmland;
the arthropods that they contain may act as food for other farmland species, aid pest control and
contribute to crop pollination (Pollard and Holland, 2006). Scenario C has been assigned assumptions
based upon interviews with other organic farmers in the area regarding the following values; 5%
decrease in labor, 5% increase in production/yield each year for production, and an additional 5%
increase in costs (cost of plantings, maintenance and machinery operation).

Scenario C installs the following design elements, cover crop (NRCS 340), riparian herbaceous
cover (NRCS 390), riparian forested buffer (NRCS 391), windbreak/shelterbelt establishment (NRCS
380), herbaceous wind barrier (NRCS 603), hedgerow planting (NRCS 422), field border (NRCS 386),
and Integrated Pest Management (NRCS 595). Fixed prices for these installations were based on
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figure 10a. cont

Scenario A (bare-soil, no cover cropping etc.)
5 % increase in costs
5% decrease in production

Fiscal Year

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
Undiscounted Flows
Costs -$175,464 -$33,731 -$37,270 -$40,575 -$41,923 -$43,523 -$43,523 -$43,523 -$44,955 -$44,955 -$44,955 -$44,955 -$44,955 -$44,955 -$44,955 -$44,955
Annual Adjusted Variable Cost Rate
Increase 5% 5% 5% 5% 5% 5% 5% 5% 5% 5% 5% 5% 5% 5% 5% 5%
Annual Adjusted Variable Cost -$8,773 -$1,687 -$1,864 -$2,029 -$2,096 -$2,176 -$2,176 -$2,176 -$2,248 -$2,248 -$2,248 -$2,248 -$2,248 -$2,248 -$2,248 -$2,248
Total Variable Costs -$184,237 -$35,418 -$39,134 -$42,604 -$44,020 -$45,700 -$45,700 -$45,700 -$47,203 -$47,203 -$47,203 -$47,203 -$47,203 -$47,203 -$47,203 -$47,203
Benefits Scenario B $0 $0 $0 $12,163 $33,701 $51,607 $76,522 $114,953 $170,796 $170,796 $170,796 $170,796 $170,796 $170,796 $170,796 $170,796
Decrease in Production 5% 5% 5% 5% 5% 5% 5% 5% 5% 5% 5% 5% 5% 5% 5% 5%
Decrease in Production (dollars) $0 $0 $0 -$608 -$1,685 -$2,580 -$3,826 -$5,748 -$8,540 -$8,540 -$8,540 -$8,540 -$8,540 -$8,540 -$8,540 -$8,540
Benefits Scenario A $0 $0 $0 $11,555 $32,016 $49,027 $72,696 $109,205 $162,256 $162,256 $162,256 $162,256 $162,256 $162,256 $162,256 $162,256
Net Cash Flow -$184,237 -$35,418 -$39,134 -$31,049 -$12,004 $3,327 $26,996 $63,505 $115,053 $115,053 $115,053 $115,053 $115,053 $115,053 $115,053 $115,053
Discount Factors
Discount Rate 8.0%
Base Year 2015
Year Index 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Discount Factor 1.0000 0.9259 0.8573 0.7938 0.7350 0.6806 0.6302 0.5835 0.5403 0.5002 0.4632 0.4289 0.3971 0.3677 0.3405 0.3152
Discounted Flows
Costs -$184,237 -$35,418 -$39,134 -$42,604 -$44,020 -$45,700 -$45,700 -$45,700 -$47,203 -$47,203 -$47,203 -$47,203 -$47,203 -$47,203 -$47,203 -$47,203
Benefits $0 $0 $0 $9,173 $23,533 $33,367 $45,811 $63,720 $87,662 $81,168 $75,156 $69,589 $64,434 $59,661 $55,242 $51,150
Net -$184,237 -$35,418 -$39,134 -$33,432 -$20,487 -$12,333 $111 $18,020 $40,459 $33,965 $27,953 $22,386 $17,231 $12,458 $8,039 $3,947
Cumulative -$184,237  -$219,655 -$258,789  -$292,220  -$312,707  -$325,040  -$324,929  -$306,908  -$266,450  -$232,485  -$204,532  -$182,146  -$164,916  -$152,458  -$144419  -$140,472
Net Present Value $158,062
Internal Rate of Return 13%

Scenario C (cover cropping, windbreaks, trees, plants, grasses, shrubs and bat houses)
5% decrease in costs; 5 % increase in

production
NRCS Land Improvement Cost Per Uni Sq ft Acres Installe Total Cost  Scenario Unii Unit Acre/Sg.ft.
Cover Crops (NRCS 340); organic cover crop 119.97 239580 5.50 $659.84 acre 43560
Riparian Herbacous cover (390); seeding and plugging $1,751.00 73421 1.69 $2,951.34 acre
Riparian Forested buffer (391); bare root machine planted $1,161.69 10000 0.23 $266.69 acre
Windbreak/shelterbelt establishment (380); 2 row, shurbs machine planted 0.51 5222.5 0.12 $2,663.48 ft
Windbreak/shelterbelt establishment (380); 2 row, trees machine planted 0.66 3902.5 0.09 $2,575.65 ft
Herbaceous wind barrier (603); perennials $0.26 1320 0.03 $343.20 ft
Hedgerow planting (NRCS 422); pollinator habitat $2.52 25883 0.59 $65,225.16 ft
Field Border (NRCS 386) $368.79 2500 0.06 $21.17 acre
Bat Boxes $80.00 480 5.50 $240.00 acre

Pest Management (595) $16.32 239580 5.50 $89.76 acre
Total $75,036.27

Fiscal Year

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2023 2024 2025 2026 2027 2028
Undiscounted Flows
Costs -$175,464 -$33,731 -$37,270 -$40,575 -$41,923 -$43,523 -$43,523 -$43,523 -$44,955 -$44,955 -$44,955 -$44,955 -$44,955 -$44,955 -$44,955 -$44,955
Added fixed costs for Agroecological
Design -$75,036
Annual Adjusted Variable Cost Rate
Decrease 5% 5% 5% 5% 5% 5% 5% 5% 5% 5% 5% 5% 5% 5% 5% 5%
Annual Adjusted Variable Cost $8,773.19  $168657  $1,863.51  $2028.77  $2,096.17  $2,176.17  $2,176.17  $2,176.17  $2247.77  $2,247.77  $2247.77  $2241.77  $2247.77  $224777  $2,241.77  $2,.247.77
Annual Adjusted Costs -$241,727 -$32,045 -$35,407 -$38,547 -$39,827 -$41,347 -$41,347 -$41,347 -$42,708 -$42,708 -$42,708 -$42,708 -$42,708 -$42,708 -$42,708 -$42,708
Benefits Scenario B $0 $0 $0 $12,163 $33,701 $51,607 $76,522 $114,953 $170,796 $170,796 $170,796 $170,796 $170,796 $170,796 $170,796 $170,796
Increase in Production 5% 5% 5% 5% 5% 5% 5% 5% 5% 5% 5% 5% 5% 5% 5% 5%
Increase in Production (dollars) $0 $0 $0 $608 $1,685 $2,580 $3,826 $5,748 $8,540 $8,540 $8,540 $8,540 $8,540 $8,540 $8,540 $8,540
Benefits Scenario C $0 $0 $0 $12,771 $35,386 $54,188 $80,348 $120,700 $179,335 $179,335 $179,335 $179,335 $179,335 $179,335 $179,335 $179,335
Net Cash Flow -$241,727 -$32,045 -$35,407 -$25,775 -$4,441 $12,840 $39,001 $79,353 $136,628 $136,628 $136,628 $136,628 $136,628 $136,628 $136,628 $136,628
Discount Factors
Discount Rate 8.0%
Base Year 2015
Year Index 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Discount Factor 1.0000 0.9259 0.8573 0.7938 0.7350 0.6806 0.6302 0.5835 0.5403 0.5002 0.4632 0.4289 0.3971 0.3677 0.3405 0.3152
Discounted Flows
Costs -$241,727 -$32,045 -$35,407 -$38,547 -$39,827 -$41,347 -$41,347 -$41,347 -$42,708 -$42,708 -$42,708 -$42,708 -$42,708 -$42,708 -$42,708 -$42,708
Benefits $0 $0 $0 $10,138 $24,771 $35,123 $48,222 $67,074 $92,276 $85,440 $92,276 $85,440 $85,440 $85,440 $85,440 $85,440
Net -$241,727 -$32,045 -$35,407 -$28,408 -$15,056 -$6,224 $6,874 $25,726 $49,568 $42,733 $49,568 $42,733 $42,733 $42,733 $42,733 $42,733
Cumulative -$241,727  -$273,772  -$309,178  -$337,587  -$352,643  -$358,867  -$351,993  -$326,266  -$276,698  -$233,966  -$184,398  -$141,665 -$98,932 -$56,200 -$13,467 $29,266
Net Present Value $169,195

Internal Rate of Return 9%




aligning ecological restoration & community interests through active experimentation AL%‘NI() SA CREEK AND THE
grant agreement # R12AP80911; final report CANADA ALAMOSA COMMUNITY

USDA NRCS numbers published in its annual cost-scenarios for land improvement. Scenario C also
includes the installation of bat boxes. Bats have been utilized successfully for their predation on non-
desirable insect pests as an effective form of biological control within the agroecosystem (Wagner et
al., 2014).

Results. Net present value analyses were performed for all three scenarios. A discount rate
of 8% was used for all three scenarios based on like opportunity costs, current market conditions
and assumes private investment. Scenario B, our baseline model, moderate agroecological design,
including cover cropping and organic orchard management. Scenario B had an initial fixed costs
investment of $94,500. Estimated payback occurs at Year 11 (2026). At the time of payback the NPV
of the investment would be $42,991; with an Internal Rate of Return (IRR) rate of return of 10%. The
IRR is the interest rate required that would make your project exactly break even. Another way to
interpret this is that if you have invested this money elsewhere or placed into a bank account at this
interest rate you would receive the exact same monetary benefits as you did for performing your
project.

Scenario A (little to no ecological design elements) does not include cover cropping but is
managed using either organic practices or integrated pest management. Initial Investment was
assumed to be the same as Scenario B; $94,500. The following assumption were made during this
analysis, 2.5% increase in labor, 5% decrease in production/yield each year for production, and an
additional 2.5% increase other non-labor costs. Estimated payback occurs well out into the future,
likely longer than the expected productivity of the orchard (30+ years). Actual payback date for this
scenario was not performed as it would not be a rationale economic alternative. Projections were
made out to the YR 15(2030). At the end of YR 11, the year that Scenario B achieved payback, the
cumulative monetary value of this project was projected at $-182,146.

Scenario C, the most comprehensive scenario with respect to installed agroecological design
elements, had a slightly higher initial fixed cost when compared to our baseline model. The estimated
fixed costs for this scenario, using USDA NRCS data for improvements was $169,296 of which,
$75,036 were direct costs incurred from installing agroecological design elements. Estimated
payback occurs at the end of YR 15 (2030), at the time of payback the NPV of the investment would
be $169,536. When compared with to Scenario B at the time of its estimated payback YR 11 (2026),
Scenario C had a cumulative monetary value of $-141,665.

3.1.2 Floodplain Reconnection Area #2. The 2013 monsoon flows showed that the log jams
sustained the flood energy and achieved diversion of water onto the flooplain, see figure 8b.
floodplain reconnection area 2 pilot study: site description (on page 44) and figure 8c. floodplain
reconnection area 2 pilot study: site description (on page 46). The practice design allows the
flood flows to move the log jams, which then sets their location, hence the term “jam.” A significant
success is the change in the geomorphology of the stream itself through the building of a low
floodplain within the channel. Leopold (1997) and Rosgren (2006) documented that a healthy river
flow is often a narrow deeper channel due to its capability to easily overflow onto a floodplain,
allowing for wide bands of vegetation and healthy rates of infiltration. Greater vegetation
exponentially increases infiltration of water into the soil. In one test in a desert scrub area the
infiltration rate between bare soil and soil covered with only 37% vegetation increased six times,
from 8 to 48 mm/hr (Leopold, L. (107)). At the the initial installation, the location of the deepest part
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figure 11a. fremont's cottonwood, populus fremontii

Uses: Ecological diversity, bank and sediment stabilization, maintenance of channel morphology, water quality improvement, ground-water
recharge, flood abatement, fish and wildlife habitat.

Riparian Ecosystem Services and Functions: The riparian zone essentially encompasses those alluvial sediment deposits where river
and alluvial ground water supplement that available from local precipitation. High-to-low elevations, north-south and east-west gradients,
and steep-to-shallow terrain all influence the relationship between geomorphic and fluvial processes and vegetation community structure.
Riparian ecosystem functions include the following:

m Ecological diversity.

m Riparian vegetation stabilizes sediment, thus preventing excessive soil erosion.

m  Water quality is improved through filtration and trapping of sediment, nutrients and pollutants.

m Riparian vegetation tends to prevent the river from down-cutting or cutting a straight path (channeling), thus promoting a sinuous
course, ground-water recharge, and maintenance of an elevated water table.

m Structurally complex riparian vegetation communities provide many different habitats and support a diverse array of animal species.
Different groups of animals occupy or use the different layers of vegetation, and this multi-story arrangement is often present
nowhere else in the arid landscapes.

m Canopies of plants growing on streambanks provide shade, cooling stream water, while roots stabilize and create overhanging banks,
providing habitat for fish and other aquatic organisms

Description: Fremont’s cottonwood is a native tree growing in riparian areas near streams, rivers and wetlands in the American Southwest.
Fremont’s cottonwood trees range from 12 to 35 meters in height, and trunk diameter ranges from 0.30 to 1.5 meters. The bark is smooth

in younger trees, becoming deeply furrowed with whitish cracked bark with age. The leaves are cordate (heart-shaped) with white veins
and coarse crenate-serrate teeth on the margins. The leaves have petioles 1/2 to equal the blade length, laterally compressed near the
blade which causes the leaves to flutter in the wind. These trees are dioecious, with flowers in drooping catkins, which are 4 to 14 cm long.
Cottonwoods bloom from March-April. The fruit is an achene, which is attached to a silky hair, en masse looking like patches of cotton
hanging from the limbs, thus the name cottonwood. The fruits are wind dispersed.

Adaptation and Distribution: Fremont’s cottonwood is distributed throughout the Southwest, extending from California eastward to
Nevada, Colorado, Arizona, Texas, New Mexico, and southward into Mexico. This species occurs throughout California and is most abundant
in the San Joaquin and Sacramento Valleys. Cottonwoods dominate the riparian forests of lower terrace deposits and stabilized gravel bars.
Cottonwoods are found near water. They require a bare gravel or sand substrate with adequate moisture for germination and development.
Establishment: Fremont's cottonwood establishment from seed is difficult and seldom used. Fremont’s cottonwood propagation is possible
from hardwood, pole and root cuttings, and containerized seedlings. Cottonwoods dominate the riparian forests of lower terrace deposits
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of the channel was apparent, though the remaining part of the channel was not significantly higher,
approximately 1" (page 46, picture 2). The first run(s) deposited significant sized rock (picture 3),

with the subsequent runs filling in with finer sediment (picture 1). It is expected that these conditions
are the pre-requisites to optimum floodplain reconnection by restoring highly connected floodplains
to an essentially braided system, and will be monitored for developments over time.

3.1.3. Vegetation Monitoring for project general. We established a remote sensing baseline
analysis applicable to all project areas.

Background. The Normalized Difference Vegetation Index (NDVI; Rouse 1974) is a generic
vegetation index based on the inverse relationship between red and near-infrared (NIR) reflectance in
healthy green vegetation. That is, healthy plants tend to absorb a relatively high percentage of red
wavelengths while reflecting much of the incident NIR. In stressed or dead plants this relationship is
reversed.  The index is positively correlated with biomass (CITATION) and calculated as:

NDVI = PNIR™FPRED

PNIRTPRED

where PNIR s the reflectance (radiant flux) of the NIR wavelength for a given pixel and PRED
is the reflectance (radiant flux) of the red wavelength for the same pixel. Values for the index range
between [-1, 1].

For this research we used NDVI as a measure to assess the effectiveness of a hydrologic
diversion on reestablishing vegetation cover and restoring a floodplain in a working landscape within
the Canada Alamosa watershed, New Mexico.

Methods. To derive NDVI measures for the Lemes study area, we obtained Landsat Thematic
Mapper (TM [Sep. 2010, Oct. 2011]) and Operational Land Imager (OLI [Oct 2013]) data from the
USGS Earth Explorer (WRS-2: Path: 34, Row: 37; http://earthexplorer.usgs.gov/). Where possible
we selected images with limited cloud cover that were obtained at the end of the summer monsoon
season (September/October). NDVI was calculated using ERDAS IMAGINE software (Intergraph
2010). Mean values were calculated for seven sites (Figure 1) within the Lemes study area using
Zonal Statistics in Arc GIS 10.1 (ESRI, Redlands CA).

Results. The area of each site within the study area differed (Table 1) and thus included a
different number of pixels to the mean NDVI. Lemes pond buffer only contributed 8 values to the

Table 1: The area of each study site within the Lemes study area mean NDVI calculation, so these may be

StudyArea Area m? subject to small sample size effects. The
Larmas Pond Buffer 220 remaining sites had at least 25 pixels
T — 2250 included in the measurement. This
Lemes field 1 effect 2340 finding may explain the general pattern
Lemes Pond Floodplain 2790 of increased variability around the mean
Lemes Floodplain control 3060 with increasing site area (Figure 2).
Lemes arroyo effect 11790 For each year assessed, the highest
Lemes fields other effect 14580 mean NDVI was within the lemes field

other effect site. This may be indicative
of the green agricultural vegetation grown. This site also had the greatest variability around the
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fremont’s cottonwood, populus fremontii, cont.

and stabilized gravel bars. Cottonwoods are found near water. They require a bare gravel or sand substrate with adequate moisture for
germination and development. Cottonwoods grow very rapidly when their roots are in contact with the permanent water table; they can grow
as much as 12 to 18 feet in 3 years. Fremont’s cottonwood is a pioneer or colonizing species and a prolific seed producer (Stromberg 1993).
Fremont's cottonwood propagates primarily from seed rather than asexually. Cottonwood can also sprout shoots from lateral buds when the
apical meristem is prostrated by floodwaters, snapped off in high winds, or pruned by beaver, deer, or other wildlife. “Trial planting on well
adapted sites indicate more that 80% survival of cottonwood and willow poles when dormant poles are cut and planted between November
and February. It is essential to monitor the water tables at proposed planting sites for at least one year before planting. Poles planted where
the water table fluctuates widely will have lower survival rates than those planted where water table is relatively stable. If groundwater
monitoring shows the water level will drop more than 3 feet during the growing season (May-October), another site should be selected.
Monitoring of observation wells for at least one calendar year before planting will allow better planting depth to ensure establishment. Slovlin
(1984) recommended a 5-year rest from cattle grazing to re-establish healthy stands of riparian vegetation such as cottonwood and willows.
Siekert et al. (1985) reported that spring grazing showed no significant changes in channel morphology, whereas summer and fall grazing

did. However, even with limited seasonal grazing, all tree seedling would be eliminated. Marlow and Pogacnik (1985) recommended fencing
riparian habitat, rest-rotation, light grazing (<20% forage removal), and grazing after streambanks have dried to 10% moisture.
Management: Many land uses in arid watersheds significantly decrease or destroy cottonwood riparian forests. Livestock grazing has widely
been identified as a leading factor causing or contributing to degradation of riparian habitats in the western United States. Timber harvests
often adversely affect stream flows. Buffer strips can reduce sedimentation rates and flood velocities. Stream diversion for irrigation may
reduce surface flows to a level insufficient to maintain cottonwood vegetation. Ground-water pumping lowers local and regional water tables
and reduces stream flow, which can eliminate or weaken riparian vegetation.

Pests and Potential Problems: Cottonwood is susceptible to mistletoe.

Restoration Concerns: Many land uses in arid watersheds significantly decrease or destroy cottonwood riparian forests. Timber harvest
often adversely affects flood flows, which often become larger and flashier and carry increased sediment. Buffer strips can help reduce
sedimentation rates and flood velocities. Stream diversion for irrigation may reduce surface flows to a level insufficient to maintain
cottonwood vegetation. Ground water pumping lowers local and regional water tables and reduces stream flow, which can eliminate or
weaken riparian vegetation. Runoff from hardened urban watersheds is immediate and intense, and sometimes actually lowers nearby riparian
water tables as it causes rapid erosion and down-cutting in stream channels. Two introduced weedy riparian species that continue to be
recommended and distributed by commercial plant nurseries are Russian olive (Eleagnus angustifolia) and tamarisk or salt cedar (Tamarix
chinensis). Intensive or poorly timed livestock grazing and dam-induced changes in flood timing and magnitude often favor the survival

of these introduced species and allow them to displace native species. These species are very difficult to remove from human-impacted
landscapes and are more competitive than cottonwood.

Citation: USDA NRCS Plant Fact Sheet & Plant Guide. Prepared By: James Henson, Plant PhysiologistUSDA NRCS National Plant Data Center
Baton Rouge, LouisianaGreg Fenchel, ManagerUSDA NRCS Los Lunas Plant Materials Center Los Lunas, New Mexico
website accessed 2014: http://plants.usda.gov/core/profile?symbol=pofr2
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mean which may be a statistical artifact of area size. In 2013, after the manipulation the mean NDVI
between lemes field 1 effect, lemes pond floodplain and lemes floodplain control were similar. In
2011, all sites had relatively low mean NDVI. This could be indicative of relatively low precipitation
for the monsoon season. The mean NDVI for 2010 generally had intermediate values between 2013

and 2011.
Mean NDVI Lemes Study Area
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Figure 1: Mean value and standard deviation of the Normalized Difference Vegetation Index (NDVI)
for the Lemes study areas.

Conclusions. Then general increase for NDVI across sites may be reflective of increasing
vegetation across the sites within the study area. During 2013 the study area was classified as a
relatively wet year consequentially the increased precipitation could be responsible for increase in
mean NDVI. A noteworthy caveat however is 2013 NDVI was derived from Landsat OLI which used
slightly different bandwidths (RED = [0.64, 0.67]; NIR = [0.85, 0.88]) than Landsat TM (RED = [0.63,
0.69]; and NDVI =[0.76, 0.9]). Consequently the general trend of increasing NDVI across years may
be an artifact of the different sensors.

The similarity in mean NDVI between lemes pond floodplain and lemes floodplain control in
2013 suggest little to no effect of the floodplain manipulation on vegetation. This finding may come
as little surprise due to the fact that this is the first year of the manipulation and positive effects of
the treatment are not yet visible. Similarity the spatial resolution of the data may be too course for
this assessment, that is, the early successional herbaceous vegetation cover may be too small to be
detected at this resolution using NDVI. This will allow tracking this area over time.

Result 3.2 Dissemination of Results
Project results have been fashioned to enable other communities to replicate this process and the
demonstrated practices and made available to the local community and stakeholders, researchers,
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figure 11b. goodding's willow, salix gooddingii
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Habitat types and plant communities: Goodding willow is dominant in many riparian communities of the West, where it frequently
codominates with Fremont cottonwood (Populus
fremontii) [24,27,28]. It is listed as a dominant plant species in the following published classifications:
Classification of riparian habitat in the Southwest [21]; Southwestern riparian plant communities: site characteristics,

tree species distributions, and size-class structures [28]; Terrestrial natural communities of California [11]
Common plant associates of Goodding willow are Arizona sycamore (Platanus wrightii), mesquite (Prosopis spp.), desertwillow (Chilopsis
linearis), and southwestern condalia (Condalia lyciodes) [7,9].
Importance to livestock and wildlife: \Nillows (Salix spp.) provide excellent browse and cover for wildlife and
domestic animals. They are a preferred food of beaver and are often used as building material for beaver dens. Mature willows provide
valuable shade in rangelands of southern Arizona [1,16].
Value for rehabilitation of disturbed sites: Goodding willow is used for streambank stabilization and erosion control. It has both abundant
small surface roots and deeper main root branches. Zimmerman [33] has noted root depths of up to 7 feet (2.1 m) in Arizona. Goodding willow
also provides shade for fish and other wildlife [5,15]. It tolerates flooding and long, hot growing seasons, making it ideal for rehabilitating
riparian zones of the Southwest. Cutting or topping trees in order to encourage sprouting is commonly practiced in Arizona and New Mexico in
order to reestablish Goodding willow stands [13,22].
Other uses and values: \Willow shoots and bark were used by early Americans to make baskets and fish traps, and for fence posts, shelters,
and firewood [15,20]. All willows produce salacin, a chemical related to aspirin. A decoction of Goodding willow leaves is used in Mexico for
treating fevers [30].
Other management considerations: \\illows are usually planted using stem cuttings. Establishment of Goodding willow in riparian zones
can be aided by deep tillage of the soil, preferably to the water table, before transplanting. This is especially effective where soils are
compacted or salinized [2]. If Goodding willow seeds are sown, they must be collected and dispersed as soon as fruits ripen. Seeds remain
viable for only a few days. Commercial seed is not available. Seeds may be stored for up to 1T month if moistened and refrigerated in a sealed
container [5].
General botanical characteristics: Goodding willow is a fast-growing, deciduous, dioecious, native shrub or tree. It attains a height of
20 to 60 feet (6-18 m) and has an average d.b.h. of 30 inches (76.2 cm). Leaves are 2 to 4 inches (5-10 cm) long; female catkins are 1.5 to 3.2
inches (4-8 cm) long. Fruits are capsular. The bark of Goodding willow is thick, rough, and deeply furrowed [5,18,19,31].
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and policy makers, through scientific publications, and presentations.

We conducted one presentation to and discussion with a focus group of members of the
community, and are scheduled to present to the greater community at the next acequia assocation
meeting. The interview document (introduction is attached as 8) addendum: interviews, introduction
(on page 135) has been accepted by the NM Farm and Ranch Museum to add to their Canada
Alamosa Collection archived at New Mexico State University and is under editing review. Upon
final submission, it will also be submitted to the University of New Mexico Maxwell Museum of
Anthropology. Upon documenting and analyzing the first years’ results, we will submit two peer-
reviewed journal articles for publication and present our findings at a scientific conference.

e) CONCLUSION AND RECOMMENDATIONS. \We set the below evaluation: the extent of our
success to be measured to the degree the below are achieved, see following discussion.
m Demonstration project utilizes several rarely used traditional or innovative practices
m Practices demonstrate greater human-derived benefits, including, but not limited to:
o Higher water availability, new riparian buffers, greater biodiversity and lower pest
incidents
o Working group provides leadership which results in practice replication
o Lower sediment content in flood waters that deposit into Elephant Butte Dam

This study collected local knowledge and supported it with a scientific analysis of the processes
at work and agency management support. In-depth interviews with stakeholders in the Cafiada
Alamosa study area identified goals commonly shared throughout the Southwest that all involve
increasing infiltration to shallow aquifer and ground-water levels: controlling floods, benefitting
agriculture with additional supplies of water, and restoring ecological health through restoring
riparian buffers, including agricultural fields. These goals facilitated the design of the ecosystem
services monitoring plan and the beginnings of a disseminable methodology. This was followed by
the collective design, execution, and assessment of a demonstration project of ecological practices
that benefit the local population and the natural processes upon which they rely. The project
demonstrated higher water availability, success of the practice applications and methodologies and
success with planting the beginnings of new riparian buffers with a far greater biodiversity than
currently found in the area. Without the practices, the restoration of the agricultural field and the
riparian zone of Alamosa Creek would not be possible due to a loss of water quantity. With the
practices, the cost-benefit analysis of this project and the future Orchard revealed the potential
value of the agroecological interventions. The scenario including moderate amount of agroecological
practices experiences pay-back at eleven years, as compared to the scenario which includes virtually
no agroecological practices, which realistically does not experience payback (payback projected
in excess of 30 years, beyond the expected life of orchard), and the scenario with the extensive
application of agroecological practices achieves higher land values and a payback at 15 years. A
focus group of community members convened to review the project, discussed future watershed
restoration goals, and many committed to promoting the collaboratively discussed goals with the
remaining community. These are the processes that this study proposes are essential for a longer
term management plan that can incorporate novel shocks, a resilient plan for a resilient watershed.
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goodding’s willow, salix gooddingii, cont.

Regeneration processes: Sexual reproduction: Goodding willow begins producing seed at 2 to 10 years of age. Optimum seed-bearing age
of willows is 25 to 75 years, and large seed crops are produced annually. The minute, hairy seed is dispersed by wind and water and does
not exhibit dormancy. Seed remains viable for only a few days. Germination is epigeal and usually occurs within 12 to 24 hours. Seedling
establishment is best on moist, bare soils. Both fire and flood create favorable seedbed conditions [5,6,20].

Vegetative reproduction: Goodding willow sprouts from the root crown [6,22].

Site characteristics: Goodding willow occurs in riparian zones. Sites are typically seasonally inundated by water and have shallow water
tables and fine-grained alluvial soils. Goodding willow grows well in the pH range of 6 to 7 and tolerates alkaline desert soils [13,20,25].
Successional status: Obligate Initial Community Species Goodding willow is an initial to early seral species. It has very low shade
tolerance but high flood tolerance [14,20]. It does not sprout beneath its own canopy. Gooding willow seedlings compete poorly with grasses
[27].

Seasonal development: Catkins of Goodding willow appear in early March. Seeds ripen and are dispersed in early spring [5,18,27].

Citation: Reed, William R. 1993. Salix gooddingii In: Fire Effects Information System, [Online]. U.S. Department of Agriculture, Forest Service,
Rocky Mountain Research Station, Fire Sciences Laboratory (Producer). Available: http://www.fs.fed.us/database/feis/ website accessed
2014: http://www.fs.fed.us/database/feis/plants/tree/salgoo/all.html
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Project Significance.

Intellectual Merit. In collaborative watershed management, land managers and their collaborating
scientists and agencies need to explore complex systems through experiments - an action research
approach - because the reactions reveal the system characteristics critical for socio-ecological
health. This framework benefits from selected laboratory and case study findings from Common
Pool Resource (CPR) theories. In particular, cooperation by system users is found to increase on
plans of action on a bioregional scale that they determine to be legitimate due to local control over
the key practices that require locally fit solutions with coordinated support of the relevant scales of
governance systems, a collaborative polycentricity. As well, the feedback-loop structure of action
research (inquiry, action, reflection (determines new inquiry)) discourages the one-size-fits-all policy
prescriptions that CPR researchers have documented as a pervasive phenomenon. Structuring this
observational study closely to a natural field experiments has provided far greater accuracy than
laboratory experiments with typical university students: a participant pool with direct knowledge of
the collective action dilemma in its full context (Poteete, A. (165), List, J. (115)).

The Southwest is expected to face among the most acute effects of climate change, and due
to the extensive research being conducted, is garnering worldwide focus. As fewer winter storms
deliver less snowpack, areas reliant upon snowmelt will look to monsoonal systems for solutions to
adapt to these extremes. Floodplain reconnection shows particularly promise for semi-arid monsoonal
regions, because these systems naturally have more tightly coupled relationships between water and
vegetation than humid areas. Rather than soil storage capacity, the presence of concentrated bands
of vegetation and other surface storage sinks controls the rate of infiltration. Integrated watershed
approaches are essential, as the effect of flood disturbances do not change linearly with scale,
vegetation loss at these higher stream-rder areas, generally ephemeral waterways (arroyos), can
see the rate of run-off and erosion accelerate over time and cross the threshold of recovery without
intervention. More information is needed on the effects of floodplain reconnection on ephemeral
systems. This project has provided basic research as well as contributed to the understanding of
the ecological complexity of these systems. Greater understanding of land management adaptive
strategies that increase ecosystem services while control flooding can have broad application in
monsoonal systems worldwide. Upon conclusion of initial monitoring results and completion of the
dissemination process, this project can inject new knowledge into the climate adaptation dialogue,
contributing to the acequia communities” adaptive capacity to cope with change in this monsoonal
landscape and providing basic research for consideration of land policy changes, particularly in the
Southwest. New Mexico and Arizona alone have lost more than 90% of their riparian areas (Krzysik,
A. (100), Grahame, John D. (73), Arizona State Parks. (6)), increasing the importance of private lands
in the overall health of our watersheds. These working rural landscapes can improve the riparian
health of many of society’s watersheds, and their future condition lies in the hands of its local land
managers. Small-scale farming systems like these study sites are especially suited to play a major
role in initiating floodplain reconnection practices, and can have global influence. Small scale farms
comprise 90% of the world’s farming systems, and produce 40% of the food worldwide.

Recommendations and Next Steps. We are seeking funding for further collaboration to scale
the practices to the watershed and assess system dynamics of key ecosystem services using
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figure 12. next steps
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scientific models, see figure 12. next steps (on page 72) and page 74). We intend to develop a
methodology for assessing how much of a watershed requires land management practices that allow
floodplains to perform the natural function of storing and conveying floodwaters to achieve desired
goals.

The proposed team will identity the pre-requisite support policy and other mechanisms for the
ability of local land managers to adopt new floodplain reconnection land man-agement practices
for productive irrigation usage. Three scales will be analyzed: individual human behavior, the local
governance parameters, and the broader socio-ecological context. An in-depth assessment of the
underlying local and regional policy frameworks that water users face in New Mexico will reveal
potential paths for long-term watershed planning. Combining this analysis with stakeholder input
will allow for creation of a theoretical framework for predicting cause-effect relationships that
will be useful to stakeholders and policy makers in other contexts. This project will provide direct
basic research on several levels of analysis where CPR practitioners have called for theoretical
developments: individual human behavior, the local microsituation, the broader social-ecological
context, as well as specific ecological dynamics (Poteete, A. (165)) with transformational effects.We
can then field test the ability of the framework devised in this project to increase the legitimacy for
stakeholders of a collaborative watershed planning process to restore socio-ecological resiliency.
Key measures will be through the base-line survey begun of the extent that land managers consider
the plan legitimate, warranting action, and the collaborative actions taken. Evaluating the threshold
ranges that enable the practices to achieve socio-ecological resiliency will build a watershed plan.

Broader Impacts. In the face of current scarcity, agriculture is the largest source for water
transfers to urban use, threatening New Mexico's traditional culture of communally-run acequias
(irrigation societies). Infiltrating even a small fraction of runoff has the potential to meet a
substantial portion of Southwestern agricultural water supply needs. Productive rural working
landscapes have the potential to transform the riparian health of many of society’s watersheds;
nearly 40% of the world’s land is managed in agriculture.
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next steps: USDA NIFA water for agriculture, NSF CNH grant

nsf team

UNM
William Fleming, Planning, CRP
Mark Stone, Civil Engineering
Caroline Scruggs CRF, Planning, environmental policy
Jose Rivera, Planning, CRP
NMSU
Sam Fernald, NMSU, Hydrologist
Ken Boykin, NMSU, Wildlife Biology
NM Tech
Stacy Timmons, Geologist
Alamosa Land Institute
Connie Maxwell — Project Manager
Richard Davidson
Mike Fuller, PhD, Conservation Biologist
Darin Kopp, Wildlife Biologist, potential PHD grad student
Jornada Basin LTER, USDA-ARS Jornada Experimental Range
Dr. Albert Rango, Hydrologist
Sandia Labs
Vince Tidwell, Hydrologist
CNM
Asa Stone, Physchology, lead educational components
Advisory Team:
Janie Chermak, Economics (Natural Resources Economics)
Cliff Dahm, Biologist

David Gutzler, UNM, Earth &
Planetary Sciences Dept.
Bruce Frederick, NM
Environmental Law Center,
Water Law for proposal prep
questions only

International Collaboration:

Dr. Aurelio Guevara Escobar,
Research professor at the
University of Querétaro
(Universidad Auténoma de
Querétaro).

Education component in addition

to above team
Truth or Consequences Biology
teacher and students

Outside Evaluator:

- Dr. Shiva Achet, Planning and
Environmental Coordinator for
Bureau of Land Management,
Carlsbad Field Office and
Adjunct Professor of GIS, Alliant
International University.
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usda nifa afri water for agricultura grant team underway:

Deciphering groundwater connections to surface water for vibrant
agriculture in the Rio Grande Basin with lessons applied throughout the

American southwest

Developing a decision framework for managing groundwater
and surface water connections to maintain agriculture
viability in the water scarce southwest region using the Rio
Grande Basin as a natural laboratory and focusing on locally
appropriate crops, ecosystem services, hydrologic models,
and hydroeconomic valuation.

Project Director (PD, WRRI)
Sam Fernald, Director, Director of the New Mexico Water
Resources Research Institute

CO-PDs

- Dr. William (Bill) M. Fleming (UNM), Professor, Community
and Regional Planning, School of Architecture and Planning,
and Water Resources Program, and Director, Bachelor of
Arts in Environmental Planning & Design BAEPD Degree,
University of New Mexico (UNM).
Brian Hurd (NMSU), Professor, Department of Agricultural
Economics and Agricultural Business, New Mexico State
University. [agro hydro economic model of Rio Grande]
Zhuping Sheng, Research Professor (TAMU), Texas A&M
Agrilife Research and Extension Center [GW modeling and
TAMU experimental site]
cSu

Collaborating Investigators:

- Dr. Ken Boykin, Associate Professor; Department of Fish,
Wildlife and Conservation, NMSU; Ecologist, the Center for
Applied Spatial Ecology associated with the New Mexico
Cooperative Fish and Wildlife Research Unit (NMCFWRU) and
the Department of Fish, Wildlife and Conservation Ecology at
NMSU.

Albert Rango, Director, USDA Southwest Regional Hub
for Risk Adaptation and Mitigation to Climate Change and
Research Hydrologist USDA/ARS Jornada Experimental
Range

Salim Bawazir, Professor, Department of Civil Engineering,
New Mexico State University

Ad

Kenneth C. Carroll, Professor, Department of Plant

& Environmental Science and Water Science &
Management Graduate Program, New Mexico State
University

Steve Guldan — Alcalde superintendent — NMSU
Connie Maxwell, Connie Maxwell, Director, Alamosa
Land Institute. 17)Carlos Ochoa, Oregon State
University

Zohrab Samani, Professor, Department of Civil
Engineering, New Mexico State University

Mark Stone, University of New Mexico

Dr. Vince Tidwell, Distinguished Member of Technical
Staff, Sandia National Laboratories, Adjunct Professor
at UNM , New Mexico Tech and the University of
Arizona.

Pei Xu, Assistant Professor, Department of Civil
Engineering, New Mexico State University
Researchers from San Luis Valley, Ft. Collins, CSU
Extension, NMSU, CSU

visory Board

Ari M. Michelsen, Professor and Center Director,

Texas A&M Agrilife Research and Extension Center
NM Statewide Water Assessment Steering Committee
Stakeholders

Gary Esslinger —EBID

City of Las Cruces

Dr. Shiva Achet, Planning and Environmental
Coordinator for Bureau of Land Management, Carlsbad
Field Office and Adjunct Professor of GIS, Alliant
International University.

Dr. Clifford Dahm, Professor, Department of Biology,
UNM.

Dr. Bruce Thomson, Professor, Regents Professor of
Civil Engineering, UNM.

Dr. David Gutzler, Meteorology and Climatology
Professor, Department of Earth & Planetary Sciences,
UNM.
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DEPARTMENT OF THE ARMY
ALBUQUERQUE DISTRICT, CORPS OF ENGINEERS
Las Cruces Regulatory Field Office
505 S. Main St Suite 142
REPLY TO Las Cruces, NM 88001
ATTENTION OF (575)-652-3708

May 2, 2013
Regulatory Division

SUBJECT: Nationwide Permit Verification — Action No. SPA-2013-00168-LCO, Alamosa
Creek Outfall Structure

Alamosa Land Institute

Attn: Ms. Constance Maxwell
3 Calle Del Sur

Monticello , NM 87939

Dear Ms. Maxwell:

I am writing this letter in response to your April 9, 2013 for a proposal by Alamosa Land
Institute for the installation of ponderosa log diversion structure across 25% of ephemeral
stream, the relocation of a portion of an existing earthen berm in the adjacent flood plain on
private land and the re vegetation of riparian buffer. This project will reconnect a portion of
flood water (25% maximum) with the existing historic floodplain for erosion control and for re-
vegetation of habitat for beneficial species. The goal is to increase infiltration of surface runoff
into shallow groundwater aquifer while also benefitting local land managers. Located at
approximately latitude 33.4024, longitude -107.46534, near the Community of Monticello, Sierra
County, New Mexico. The work, as described in your application, will consist of the
construction of the ponderosa log diversion structure, the relocation of the earthen berm and the
replanting of a riparian buffer. Only the ponderosa log diversion structure will be an activity that
is below the OHWM. The use of manual labor will install the ponderosa log diversion and the
riparian buffer plantings, heavy equipment will be used to relocate the earthen berm. We have
assigned Action No. SPA-2013-00168-LCO to this project. Please reference this number in all
future correspondence concerning the project.

Based on the information provided, we have determined that the project is authorized by
Nationwide Permit (NWP 7) Qutfall Structures and Associated Intake Structures. A summary of
this permit and the New Mexico Regional Conditions are available on our website at
www.spa.usace.army.mil/reg/NWP. The permittee must ensure that the work complies with the
terms and conditions of the permit, including regional conditions and conditions of water quality
certification (WQC). Please refer to http://www.spa.usace.army.mil/req/WQC for specific
information regarding compliance with water quality certification requirements.
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Under Section 401 of the Clean Water Act, certification of compliance with state or tribal
water quality standards by the state water quality agency or tribal water quality certifying
authority is required for any discharge of dredged and fill material into waters of the United
States under Section 404 of the Clean Water Act.

In the State of New Mexico, the New Mexico Environment Department (NMED) has
issued WQC for activities that occur in waters of the U.S. Certification is denied in Outstanding
National Resource Waters (ONRWS) and for activities authorized under NWP # 16 (Return
Water from Upland Disposal Areas). The permittee must comply with all conditions of the
attached certification, including notification to NMED five days prior to initiation of
construction (WQC Condition 16). To contact NMED, please use the information below:

Abe Franklin, Program Manager, Watershed Protection Section
NMED - Surface Water Quality Bureau

1190 South St. Francis Drive

P.O. Box 5469

Santa Fe, New Mexico 87502

(505) 827-2793

This permit verification is valid until March 18, 2017 (33 CFR 330.6), unless the
nationwide permit is modified, suspended, revoked or reissued prior to that date. Continued
confirmation that an activity complies with the terms and conditions, and any changes to the
nationwide permit, is the responsibility of the permittee. Activities that have commenced, or are
under contract to commence, in reliance on a nationwide permit will remain authorized provided
the activity is completed within 12 months of the date of the nationwide permits expiration,
modification, or revocation.

Our review of this project also addressed its effects on threatened and endangered species
and historic properties in accordance with general conditions 18 and 20. Based on the
information provided, we have determined that this project will not affect any federally listed
threatened or endangered species or any historic properties listed, or eligible for listing, in the
National Register of Historic Places. However, please note that the permittee is responsible for
meeting the requirements of general condition 18 on endangered species and general condition
20 on historic properties.

This letter does not constitute approval of the project design features, nor does it imply
that the construction is adequate for its intended purpose. This permit does not authorize any
injury to property or invasion of rights or any infringement of federal, state or local laws or
regulations. The permittee and/or any contractors acting on behalf of the permittee must possess
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the authority and any other approvals required by law, including property rights, in order to
undertake the proposed work.

Within 30 days of project completion, the permittee must fill out the enclosed
Certification of Compliance form and return it to our office. The landowner must allow Corps
representatives to inspect the authorized activity at any time deemed necessary to ensure that it is
being, or has been, accomplished in accordance with the terms and conditions of the nationwide
permit 7 Outfall Structures and Associated Intake Structures.

If you have any questions concerning our regulatory program, please contact me at 575-
652-3708 or by e-mail at Justin.C.Riggs@usace.army.mil. At your convenience, please complete
a Customer Service Survey on-line available at http://per2.nwp.usace.army.mil/survey.htmi.

Sincerely,

fo o

Justin Riggs
Assistant Regulatory Manager for
Southern New Mexico and West Texas
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NEW MEXICO
ENVIRONMENT DEPARTMENT

Surface Water Quality Bureau

Harold Runnels Building, N2050

SUSAg;}vaW 1190 South St. Francis Drive (87505)
P.O. Box 5469, Santa Fe, NM 87502-5469 BUTCH TONGATE
JOHN A. SANCHEZ Phone (505) 827-0187 Fax (505) 827-0160 Deputy Secretary

Lieutenant Governor

wwwW.nmenv.state.nm.us JAMES H. DAVIS, Ph.D.
Director
Resource Protection Division
April 13,2012 CERTIFIED MAIL NO. 700801830 0003 4175 8463

Mr. Allan Steinle

U.S. Army Corps of Engineers
Albuquerque District, Regulatory Branch
4101 Jefferson Plaza NE

Albuquerque, New Mexico 87109-3434

Re: Clean Water Act Section 401 Water Quality Certification
United States Army Corps of Engineers 2012 Nationwide Permits

Dear Mr. Steinle:

The New Mexico Environment Department (NMED) has examined both the February 21, 2012
final notice of the Reissuance of Nationwide Permits (NWPs) under the Clean Water Act (CWA)
§404, issued by the U.S. Army Corps of Engineers (“Corps™) (see 77 FR 10184) and the
February 23, 2012 Corps Albuquerque District public notice of the final NWPs and NMED’s
intent to consider certification of those permits under the CWA §401 (Certification).
Certification is required by CWA §401 to ensure that the NWPs are consistent with state law,
comply with the state Water Quality Standards (20.6.4 NMAC), the Water Quality Management
Plan/Continuing Planning Process, including Total Maximum Daily Loads (TMDLs), and the
Antidegradation Policy. Certification is also required to comply with General Condition 25
(Water Quality) and General Condition 27 (Regional and Case-By-Case Conditions) of the
NWPs.

The following conditions are necessary to assure compliance with the applicable provisions of
the Clean Water Act §§301, 302, 303, 306, and 307 and with applicable requirements of State
law. Compliance with the terms and conditions of the permit and this certification will provide
reasonable assurance that the permitted activities will be conducted in a manner which will not
violate applicable water quality standards and the water quality management plan and will be in
compliance with the antidegradation policy. The State of New Mexico certifies that the
discharge will comply with these provisions and requirements upon inclusion of the following
conditions in the permit:
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Conditional Section 401 Certification of NWPs:

1. Activities in intermittent and perennial surface waters of the state require notification to the
NMED Surface Water Quality Bureau. The notification must include: 1) detailed
construction plans (including proposed in-channel excavations and temporary diversions); 2)
a description of potential adverse water quality impacts (including turbidity, which is a
measurement of the amount of suspended material in water, as well as oil, grease, or
hydraulic fluid, and all other potential contaminants); 3) a description of methods to be used
to prevent water quality impacts (including detailed Best Management Practices, which must
be designed to minimize sediment, oil, grease, and other pollutants from entering the water);
4) any surface water monitoring procedures; and 5) for any unavoidable surface water
impacts, conceptual mitigation plans.

2. Fuel, oil, hydraulic fluid, lubricants, and other petrochemicals must not be stored within the
100-year floodplain and must have a secondary containment system capable of containing
twice the volume of the product. Appropriate spill clean-up materials such as booms and
absorbent pads must be available on-site at all times during construction.

3. All heavy equipment used in the project area must be pressure washed and/or steam cleaned
before the start of the project and inspected daily for leaks. A written log of inspections and
maintenance must be completed and maintained throughout the project period. Leaking
equipment must not be used in or near surface water. Refuel equipment at least 100 feet
from surface water.

4. Work in the stream channel should be limited to periods of no flow. Work during low-flow
periods must have prior approval by the NMED. Requests for such approval must describe
planned methods to minimize turbidity and to avoid spills. Releases from dams must be
incorporated into the work schedule to avoid working in high water.

5. Temporary crossings should be restricted to a single location and perpendicular to and at a
narrow point of the channel to minimize disturbance. Heavy equipment must be operated
from the bank or work platforms and not enter surface water, unless otherwise approved in
writing by NMED. Heavy equipment must not be parked within the stream channel. Unless
otherwise approved by NMED, directional borehole (horizontal) drilling must be used
instead of open-cut trenching for the placement of utility lines or other buried structures
crossing the channel. Requests for such approval of deviations must include a description of
planned methods to minimize turbidity, to avoid spills, and to salvage any drilling equipment
that cannot be withdrawn from beneath the channel.

6. Unless otherwise approved by NMED, flowing water must be temporarily diverted around
the work area, but remain within the existing channel to minimize erosion and turbidity and
to provide for aquatic life movement. Diversion structures must be non-erodible, such as
sand bags, water bladders, concrete barriers, or channel lined with geotextile or plastic
sheeting. Dirt cofferdams are not acceptable diversion structures. Requests for such
approval of deviations must include descriptions of planned methods to minimize turbidity,
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to avoid spills, and to provide a continuous zone of passage for aquatic life through or around
the project area in which the water quality meets all applicable criteria including turbidity.

7. All asphalt, concrete, drilling fluids and muds, and other construction materials must be
properly handled and contained to prevent releases to surface water. Poured concrete must
be fully contained in mortar-tight forms and/or placed behind non-erodible cofferdams to
prevent contact with surface or ground water. Appropriate measures must be used to prevent
wastewater from concrete batching, vehicle wash-down, or aggregate processing entering the
watercourse. Dumping of any waste materials in or near watercourses is prohibited.

8. Protective measures must be used to prevent blast, ripped or excavated soil or rock from
entering surface water. Construction excavation dewatering discharges are to be
uncontaminated and include all practicable erosion control measures and turbidity control
techniques.

9. Work or the use of heavy equipment in wetlands must be avoided or minimized unless the
impacts are to be mitigated. Construction activities in wetlands must be scheduled during
low water or winter (frozen) conditions. Unless otherwise approved by NMED, wetland
crossings must be restricted to a single location and constructed perpendicular to and at a
narrow point of the wetland. Requests for such approval of deviations must include
descriptions of planned methods to minimize turbidity and avoid spills. Wetland vegetation
and excavated material (top soil) must be retained and reused to improve seeding success.
Permeable fills should be designed and installed when practicable, and flows to wetlands
must not be permanently disrupted. Fill materials must be clean and consist of coarse
material with minimal fines. Ditches or culverts in wetlands must have properly designed,
installed and maintained siltation or sedimentation structures at the outfall.

10. During repair, demolition, treatments, or cleaning activities of bridges or associated
structures (e.g., deck, pier, abutment, and wing walls), materials must be kept out of the
channel. Before removing a bridge or related structures, impermeable containment material
(e.g., plastic sheet, canvas, tarpaulins or other catchment devices) must be secured under the
bridge and on the banks to capture any debris that may fall into the stream channel.
Sandblasting operations must include vacuum systems or the bridge and associated structures
must be completely bagged to collect all lead paint and concrete debris. Any debris that falls
onto the containment area or channel must be properly disposed in accordance with the New
Mexico Solid Waste Regulations (20.9.1 NMAC). Applicable Material Safety Data Sheets
of water repellants and surface finish treatments must be maintained at the project area.

11. Bridges, culverts and structures at stream crossings must be properly designed, installed and
maintained to allow passage of sediment, bedload, and woody debris, and to prevent erosion
problems or diversion of the stream from its natural channel. Unless otherwise approved by
NMED, projects must not alter the natural stream channel size or shape (width, depth,
gradient, direction or meander pattern), streamflow velocity (sediment transport rates), or
water flow capacity. Requests for such approval of deviations must include descriptions of
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planned methods to minimize turbidity and avoid spills, as well as to stabilize modified
hydraulic geometry.

12. Culverts at stream crossings must be designed and installed to prevent upstream headcutting,
downstream channel incision, and erosion of the streambanks or the crossing. Culverts
should be designed to pass 100-year flow events. Culvert design must allow for the passage
of fish and other aquatic organisms. The road grade at culvert stream crossings must prevent
the diversion of the stream from its channel in the event of culvert failure due to plugging or
the exceedance of capacity. If the flow overtops the road, it must return to its natural channel
instead of running down the road into a new channel.

13. Excavated trenches must be backfilled and compacted to match the bulk density and
elevation of the adjacent undisturbed soil.

14. Unless otherwise approved by NMED, all areas adjacent to the watercourse that are disturbed
because of the project, including temporary access roads, stockpiles and staging areas, must
be restored to pre-project elevations. Disturbed areas outside the channel that are not
otherwise physically protected from erosion must be reseeded or planted with native
vegetation. Stabilization measures including vegetation are required at the earliest
practicable date, but by the end of first full growing season following construction. Native
woody riparian and/or wetland species must be used in areas that support such vegetation.
Measures to prevent damage by beavers, wildlife, or livestock are required until trees are
established. Plantings must be monitored and replaced for an overall survival rate of at least
80 percent by the end of the second growing season. Once established, native plants adapted
to the site must be able to thrive with no supplemental water or treatment. Requests for
approval of deviation from this condition must include descriptions of planned methods to
minimize turbidity and avoid spills, as well as final grading plans.

15. A copy of this Certification must be kept at the project site during all phases of construction.
All contractors involved in the project must be provided a copy of this certification and made
aware of the conditions prior to starting construction.

16. The NMED must be notified at least five days before starting construction to allow time to
schedule monitoring or inspections. The NMED must be notified immediately if the project
results in an exceedence of applicable Standards.

Denial of Certification of NWPs

NMED denies Certification of NWPs for any activities in Outstanding National Resource Waters
(ONRW) designated in 20.6.4.9 NMAC, and NWP 16 (Return Water From Upland Contained
Disposal Areas). Although state WQS provide for temporary and short-term degradation of
water quality in an ONRW under very limited circumstances if approved by the Water Quality
Control Commission as specified at 20.6.4.8.A NMAC, the approval process required for these
activities does not lend itself for use for projects covered under these NWPs. This condition is
necessary to ensure that no degradation is allowed in ONRWs by requiring proposed discharges
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of dredged or fill material to be reviewed under the individual permit process. Also, in
accordance with General Condition 25 of the Nationwide Permits, a project-specific Certification
must be obtained (see 33 CFR 330.4(c)) for discharges authorized under NWP 16 prior to
construction. The NMED requires a complete CWA §404 application prior to commencing the
water quality certification review in these cases. This certification process will be conducted
pursuant to NMAC 20.6.2.2002.

Please contact Neal Schaeffer of my staff at (505)476-3017 should you have any question.
Sincerely,
es P. Bearzi
Chief
Surface Water Quality Bureau

JPB: cns

xc:  Tom Nystrom, Wetlands, Region 6, USEPA
Jill Wick, New Mexico Department of Game and Fish
U.S. Fish and Wildlife Service
401 Certification File 897
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2) addendum: survey

alamosa

survey questions

Alamosa Creek and the Cafiada Alamosa Community: Water for Productivity and Flood Control

A)

How concerned are you about water in this community — specifically, about droughts affecting the

quantity of water that the community currently receives, threats to the source of water, and the damage

from floods?

1 —not concerned

2 —allittle
concerned

3 —concerned

4 — very concerned

5 —most important
community concern

B)

Is it possible to have an effect on the canyon environment, specifically to reduce flood damage, reduce

erosion, and protect or improve our productivity? To put it another way, if the community were able to
come to agreement, how big an effect is possible either on our own or with financial and technical

assistance?

1 —cannot make

2 —can do a few

3 —maybe

4 —moderately big

5 — big effect,

improvements things, but not effect watershed scale
much

C) How likely would you be to advocate to others to enact a plan to achieve these effects as you envision
them?

1—notinterested | 2—not likely 3 —maybe 4 — likely, 5—very likely

interested

D) How difficult are the obstacles for the community to achieve these effects that you envision?

1 —not difficultto | 2—not easy, but 3-50/50 4 —very difficult 5 —impossible to

overcome not very difficult overcome

E) How likely do you think that these effects will actually occur, for example how likely would the
community come together and/or nature cooperate?

1 —will not happen | 2 —not likely 3 —maybe 4 — likely 5 —very likely

3

How important do you think it would be that any plans for im

provements be under |

ocal control?

1 —not important

2 —allittle
important

3 —neutral

4 — very important

5 — essential

G) Assuming locals
(i.e. hydrologists

had control over the p

rocess, how important would financial and technical assistance
) be to the success of efforts?

1 —not important 2 —alittle 3 —neutral 4 —very important | 5— essential
important
H) In drought years, when you irrigate, does the ditch seem to appear less full, or due to floods, is your
water supply delayed and thus the total quantity decreased?
1-no | 2 rarely | 3 sometimes | 4 often | 5—always

1)

meet their water rights, and increase their productivity?

Are you interested in Monticello community members using floodwaters to control floods, protect or

1 —not interested

2 —alittle
interested

3 —maybe

4 —interested

5 —very interested

alamosa land institute / 3 calle del sur, monticello, nm 87939 / p 575.740.1099 e cmaxwell@alamosadesign.com
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alamosa

survey questions

J) How likely would you be currently to experiment to try to find a way (or additional ways) to use or allow
floodwaters to flow on your land without damage if you received financial support?

1 —notinterested | 2—notlikely/do | 3—maybe 4 —likely, 5 —very likely

not have a place it interested

could be done

K) In trying to use more floodwater, how likely would be you to put the additional water to use, i.e., what
range of floods would you put effort into using, 5 being all floods possible?
1 —only one ortwo | 2—only very ideal | 3—moderate effort | 4 —good amount of | 5— seek to use
floods floods with for multiple floods | effort for most every single
minimal efforts floods possible flood

L) Intrying to use more floodwater, what do you think the level of improvement would be in your
productivity?
1 —none 2 —uncertain 3—-50/50 chance 4 — good 5—high

M) If others that are using floodwaters would show you how they do it, how likely are you currently to

expand your use of floodwater without funding support?
1 —notinterested | 2 —not likely 3 —maybe 4 —likely, 5 —very likely
interested

N) How important is vegetation, preferably native, in controlling erosion?
1 —not related 2 —not very 3 —not sure or 4 —fairly important | 5— very important
important neutral role role

0) How likely are you currently to participate in forming a group to create plans and try to restore this
canyon on the watershed scale?

1 —notinterested | 2 —not likely 3 —maybe 4 —likely, 5 —very likely

interested

P) How likely do you think that you would be to advocate seeking funding for community-supported

watershed plans?
1 —notinterested | 2 —not likely 3 —maybe 4 —likely, 5 —very likely
interested

Demographics:

Age: 20-29 30-39 40-49 50-59 60-69 70-79 80-89 90-99
Gender: Female Male

Years lived in canyon:

Years affiliated with canyon:

Race: Rather not say  Anglo Hispanic  African American Asian

Any questions contact: Connie Maxwell, 575.740.1099, cmaxwell@alamosadesign.com

alamosa land institute / 3 calle del sur, monticello, nm 87939 / p 575.740.1099 e cmaxwell@alamosadesign.com
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stem services matrix

3) addendum: ecosy

Criteria Rating->
Composites - (indicators that | S [ Excellent - Good - 3 Y Fair - Poor - L Notes: in-depth interviews
are built from other indicators)| — improving sustainable 5 - conditions conditions g notes
5 conditions conditions o degenerating | degenerating
o 14 slowly rapidly
=
Resilence: the capacity of the socio-ecological systems to 4 3 2 1 identify the critical structural
continually change and adapt and yet remain within critical and functional indicators and
thresholds of structure and function their thresholds
Resiliency primary measures
(1) controlling floods,
(2) increasing sustainable productivity,
(3) improving ecological conditions through a measure of ecosystem services associated with riparian and floodplain (fields) vegetation richnes:
(4) achieving a collaborative local system approach with positive outside social system influences
Critical structural or functional indicators: derive composites from below
Cultural Indicators
Sense of place composite from below 10
-Oasis 22: Governance - Local
acequia governance strength
Common Pool Resource, 62:
Productivity, : ,70: Fallow land
-Connection to place 70: Fallow land 3.1
connection to the land and 10 [ most people people people hardly anyone 2.5|reports of increases and
natural processes (daily rythym connected | connected in connected in | out on the decreases, most exhibited this
of working the land by hand, flux but flux but land or aware as highest value and concerns
such as watching the water mostly mostly of the of general lack of connection
during irrigating) increasing decreasing processes
lifestyle/ quality of life 35: b) general good weather | 10 3.6[Climate was more important to
(weight of 5) most in regards to productivity

than lifestyle (good weather)

place keeps one active and 10 4.0lmost were very enthusiastic
engaged (gives one energy, feel and valued this highly
awake and alive)
peacefulness in isolated valley, 10 4.0|most were very enthusiastic on
privacy maintained these counts
eat better than can in city 10 4.0|most were very enthusiastic on

these counts
infrastructure (house, fields) 5 3.0|several mentioned benefits of
design provide maximum buffer adobe construction in keeping
from elements one comfortable
feeling of connection to history 10 high high, but feeling loss of| significant 3.0
and tradition declining connection loss of

connection

-Stewardship

moisture and microclimate

regulations from neighbors
irrigating and in productivity

-Ecological aesthetics Valley looks Valley looks
lush like it is dying
-Wildlife presence Present but Many species
not feeding on missing
food
production
Governance - Local acequia 3.0 |-Ostrom and others identified
governance strength - Common core factors that affect the
Pool Resource probability of long term survival
of an institution developed by
the users of a resource
Clearly defined user and 5 3.5[Most but not all water rights are
resource boundaries clear
Rules, appropriation, and 10 2.5|Cycle does not correspond with
provisions congruent with Local agricultural production needs

Conditions
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Criteria Rating->
Composites - (indicators that | S | Excellent - Good - 3 4 Fair - Poor - o Notes: in-depth interviews
are built from other indicators)| — improving sustainable |g -] conditions conditions (/8) notes
%, conditions conditions 9 degenerating | degenerating
2 14 slowly rapidly
=
Resilence: the capacity of the socio-ecological systems to 4 3 2 1 identify the critical structural
continually change and adapt and yet remain within critical and functional indicators and
thresholds of structure and function their thresholds
Collective choice arrangement 10 4.0(Recent change to one person
one vote seen as increasing
the equitable representation of
users; most business
conducted with input of local
knowledge
Users and resources monitored 10 2.5|Historically close monitoring of
users and resources but low
participation cited in
maintenance
Graduated sanctions 5 2.0|Low levels of use of
sanctioning
Conflict resolution mechanisms 5 3.0|Mechanisms adequate,
challenges and enforcement
seen as difficult
Government recognition of rights 10 4.0|State recognition of self-
governance is strong
Nested enterprises (adequate 8 2.0[Support resources are
outside governance support available but lack of
(polycentricity)) coordination and utilization;
bureaucracy and regulation
seen as burdensome
Regulating Indicators
Acequia Functionality - ditch 10 in good generally in frequently in | wiped out by 8.0
wate running condition with good poor flood, no
seal condition condition seal, too dry
for water to
make it far
Climate 1.9
a) climate variability 10| extremes extremes 1.0
come not as common
frequently
b) general good weather 8 | long growing 3.0
period,
generally
comfortable
Ecologic Health Fleming et al. 2014 2.4 |since outside methodology, not
methodolology below weighted by interviews
Vegetation cover/ (climate >90% 70-90% 50-70% <50% 1.0
regulation)
Vegetation diversity/ (Nutrient > 100 species 75-100 50-75 <50 1.0
cycling/pollination/pest control)
Riparian vegetation structural 3 height 2 height 1 height sparse 1.0
diversity (wildlife habitat) classes classes class vegetation
grass/tree/shr
ub
Introduced species not present very few numerous spreading 3.0
Canopy shading mixed sun/ sparse 90% sun no shade 3.0
shade canopy or shade
Water quality enhancement clear water some tur- very turbid sediment 3.0
bidity
Agricultural diversity food crops, hayfields, pasture only unused 35
hay-fields, pasture
pasture
Percent fields irrigated >75% 50-75% 25-50% <25% 3.0
Increase in green space 10X 5-10X 2-5X <2X 3.0
Bank stability (erosion control) >90% stable 50-90% 10-50% <10% 2.0
Aquifer recharge/storage/flood >30% of 20-30% 10-20% <10 2.0
protection diversion
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Criteria Rating->
Composites - (indicators that | S | Excellent - Good - 3 4 Fair - Poor - 4 Notes: in-depth interviews
are built from other indicators)| < improving sustainable 5 - conditions conditions § notes
4::,, conditions conditions A degenerating [ degenerating
2 Y slowly rapidly
=
Resilence: the capacity of the socio-ecological systems to 4 3 2 1 identify the critical structural
continually change and adapt and yet remain within critical and functional indicators and
thresholds of structure and function their thresholds
Unlined acequias (groundwater >90% 75-90% 50-75% <50% 4.0|The acequia madre is unlined,
recharge, water quality) several sub-ditches are lined
Interruption of <10 days 10-20 days 20-30 days >30 days 2.0
discharge/duration of flow
Wildlife diversity > 30 species |20-30 species 10-20 <10 2.0
Aesthetic landscape high moderate fair poor 2.0
enhancement
Walking trails/ecotourism/ na |extensive several sparse none na
environmental education
Hydrology
a) Water quantity / drought/  |below 10| abundant have when productivity severe 2.0
precipitation = old average of you need it only part of | productivity
11-14"/year year limitations
b) Ground water levels 10 rising stable falling many wells 2.0
dry
¢) Monsoon over last several 10| good rains late, and low 25
years, approx. 5 early quantity
d) Springs (appear when it 8 [many present most 2.0
rains, depend on how much disappeared
rain)
e) Precip intensity 8 long, slow highly 2.5
rains intense,
damaging,
hail
f) Flooding 10 | System able Minor considerable | catastrophic, 2.0
to recover |intervention to damage long-lasting
from flooding return to high damage
normal
-Erosion frequent but | recoverable intense catastrophic, 15
low intensity damage medium-term | long-lasting
lasting high damage
damage
Provisioning Indicators
Productivity
a) Long, full growing season  |58: ¢) Monsoon over last
several years, approx. 5
diversity of planting success
b) Disturbances (pests)
c) Market
-Costs High costs Low costs
-Access to markets / distribution Good local Poor local
and regional only market
markets
Wildlife abundance for hunting Reasonably Extreme lack
high and well- or over-
balanced abundance of
certain
species
Fallow land all fields in |less than 10% between 10- over half
production fallow 49% fallow | fields fallow
General subsistence ability /
level of challenges
Supporting Indicators
Soil: Quality, nutrient cycling, Good organic Very little
and erosion control matter mainly organic
covered by matter
vegetation or
mulch
Clean Air
Habitat quality general
Hydrologic general conditions /
hyrdograph
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4) addendum: 1940 Yeo irrigation survey

TABLE 1
EXISTING IRRIGATION FACILITIES

Flaod
No .y Location Source of Supply Irri gatedy IrmgatedJ Abandoned Remarks
S T-S R-W .~ (acres} {acres) acres
i 3 9 7 Alamosa River 16 mmeee 7 mmeee !
2 7 10 & " " 650 ———— 50 Monticello Community Bitch
3 19 11 § d o ——— 100 —- Pasture
4 28 11 5 " * - 20 - CropTland
5 27 11 5 0 e —- 45 - Cropland
6 32 11 4 " " nam i7 8 Cropland
7 32 11 4 " f -—- 25 kD] Cropland
8 34 11 4 " " -— 75 0 Cropland
9 7 12 7 Rio Cuchillo 58 — L] Chiz Community Bitch
10 - 20 12 & . " 353 — 55 Cuchillo Community Ditch
11 4 13 6 Palamas Creek 315 m—— 10 San Miguel Community Ditch
iz - 31 13 5 Spring ’ 5 -— e
-13 31 13 5 Palomas Creek 28 -— _— mmeaa
14 5 1 & " " 2D - - _——
15 8 14 5§ " " 400 — T30 Las Palomas Community Ditch
16 35 14 7 las Animss River 15 — 55%  *Includes 20 A. now dry farmed
17 B 15 & g " n 8 -_— . —am—
18 g8 158 & " " " 26 —— ——— —————
19 9 15 6 L " ¥ 34 —— - —————
20 23 15 6 e * " 27 —-— 1) it
21 26 15 @6 v v " 265 —nn ——— Las Animas Community Ditch
22 3 15 & L " . a0 - _—— _— meman
23 17 16 & Percha Creek -_— 15 _—— Water Right for 1 acre
24 16 16 & " " — 20 “— mmema=
25 19 16 5 " " —— 30 ——— e
26 22 16 5 n “ = 40 B
TOTAL 2,260 387 289

1 Number as shown on map (Fig. 10).

2 Irprigated in recent years by pérennial stream flow; - 2038 acres irrigated in 1939,

3 Irrigated by intermittent stream flow,

Note: Al1 areas planimetered from aerial mosaics. ’

(Retyped without change from Tah?e 22 in Mater Facilities Area Plan for mamosa River, Ria Cuch1]1u Negrg, etc. 1940)
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5) addendum: tables 1&2: beneficials & indicators

Table 1. Beneficial Species Planting Guide

Beneficial Insects: Upland Communities

Pollinators, Predatory Insects, Families Plant Species Vegetation Planting Locations
and Parasitic Flies Communities
Native Bees Beneficial Flies ¢ Andrenidae Annuals and Perennials * shrublands * edges of cultivated fields

* squash bees « syrphid flies * Apidae * Rocky Mountain beeplant | ¢ grasslands * riparian-terrestrial ecotones
+ sunflower bees * robber flies  Halictidae * prairie sunflower * ruderal/disturbed * berms and benches between plots
» orchard bees » tachina flies * Megachilidae « golden crownbeard » ecotones and borders | * road shoulders
* bumble bees Beneficial Beetles . Sy{phidae « fire wheel * connections and corridors
* polyester bees « rove beetles * Asilidae * red dome blanketflower * restored shrublands
* mining bees « flower beetles ¢ Tachinidae » showy goldeneye
* cactus bees « soldier beetles * Vespidae « gray goldenrod
* sweat bees « ladybird beetles . Sphec1dz}e * aromatic aster
* Crabronidae » common sneezeweed
Predatory Wasps  Beneficial True Bugs | * Staphlyinidae « stiff greenthread
* paper wasps * assassin bugs * Melyridae - dill
* potter wasps * big-eyed bugs ¢ Cantharidae « sweet fennel
* sand wasps * pirate bugs » Coccinellidae
* hornets « damsel bugs * Reduviidae Shrubs and Trees
+ yellow jackets « soldier bugs * Lygacidae + rubber rabbitbush
« thread-waisted wasps « Nabidae « crispleaf buckwheat

skunkbush sumac
* New Mexico olive
chokecherry
desert sweet
frosted mint

¢ Pentatomidae

.

.

Beneficial Insects: Riparian Communities

¢ dewystem * stream banks and acequia borders
¢ arroyo willow * edges of ponds
Same Taxa as Upland * Emory baccharis (esp males) * cottonwood understory
¢ golden currant * riparian-terrestrial ecotones
¢ skunkbush sumac * riparian connections and corridors

¢ common sneezeweed

IMPACT ANALYSTS 2013
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5) addendum: table 1: beneficials (cont.)

Beneficial Vertebrates: Bats and Insectivorous Birds

western bluebird
ruby-crowned kinglet
loggerhead shrike

Bats and Aerial Foraging Birds Families Plant Species Habitats Habitat Requirements
and Elements
Insectivorous Bats » Vespertillionidae Bats and birds generally * shrublands Bats
* vesper bats * Molossidae associate more closely with * grasslands (Roosting Structures):
* free-tailed bats  Hirundinidae habitat type, food abundance, * PJ woodlands * buildings
» Caprimulgidae and roost/nest site availabil- * riparian wooldands * barns
Swallows + Apodidae ity, than with specific plants. * ponds * bridges
* barn swallow * acequias * caves and mines
* cliff swallow » ecotones and borders * mature trees
* northern rough-winged swallow « forest and woodland
* violet green swallow
Swallows and Swifts
Swifts « cliffs, buildings, bridges
 white-throated swift (cliff swallows and swifts)
+ wire fences
Nighthawks & Poorwills « mature trees
* common nighthawk « forest and woodland
» common poorwill
Nighthawks and Poorwills
+ washes
* arroyos
« grassland
* outcrops
* woodlands
Flycatachers Insectivorous Birds
Tyrant Flycatchers » Tyrannidae See aerial foragers, above. * PJ wooldands Perches (used for foraging)
 western kingbird * Turdidae * riparian woodlands « trees and tall shrubs
* Cassin’s kingbird * Regulidae * riparian shrub « fenceposts
» ash-throated flycatcher » Lanidae * orchards * wire fences
* black phoebe * esges of woodlands
+ Say’s phoebe + windrows Nest Sites
* gray flycatcher * grasslands « trees and tall shrubs
* cordilleran flycatcher * ponds * windrows
* willow flycatcher * acequias * riparian woodlands

ecotones and borders

IMPACT ANALYSTS 2013
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5) addendum: table 2: indicator species

Indicator Species for Healthy Vegetation Communities

Say’s phoebe

lesser earless lizard
black-chinned
hummingbird
broad-tailed
hummingbird
side-blotch lizard
horned lizard
whiptail lizard spp.
bullsnake
western diamondback
kangroo rat
desert cottontail
kangaroo rat
desert mule deer

Grassland

western meadowlark

savannah sparrow
Northern harrier
horned lark
killdeer
loggerhead shrike
coachwhip snake

striped whipsnake
western harvest mouse

‘Wash

a.rmyo
roadrunner

savannah sparrow
black-throated sparrow
horned lark

killdeer

lesser earless lizard
collared lizard
whiptail lizards spp.
striped whipsnake

black-tailed jackrabbit

>

white-wing dove

mourning dove
Bewick’s wren

black phoebe
Oregon junco
white-crown sparrow
Great Plains toad
Woodhouse toad
bullsnake

western diamondback
western rattlesnake
desert cottontail
desert mule deer
striped skunk
spotted skunk

Riparian
Woodland

yellow-breasted chat

lesser goldfinch
spotted towhee
white-breasted nuthatch
ruby-crowned kinglet
chipping sparrow
downy woodpecker
western kingbird
cordilleran flycatcher
Cooper’s hawk
sharp-shinned hawk
eastern fence lizard
ringneck snake

deer mouse

raccoon

porcupine

Aerial Foragers and Highly Motile Species

coyote

cliff swallow
barn swallow

red-tailed hawk
American kestral

northern rough-winged swallow

lesser nighthawk

common crow
vesper bat spp.

Mexican long-tongued bat

Aquatic/Marsh
Acequia

mallard duck

red-wing blackbird
common yellowthroat
song sparrow
black-crowned

night heron
great blue heron
bullfrog

Chiricahua leopard frog

muskrat
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ALAMOSA CREEK AND THE
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YR 1 Orchard Establishment Notes
Establishment People Hrs  Total Hours
Land Preperation Per Acre 27 148.5
Planting Per Acre 22 121
Production Labor 48 264
Revenue
Acres Trees/Plants Total No. Market Unit  Projected Price $/Unit Amount
Per Acre Trees/Plants Yield/Qty
55
Crop
Apples 15 135 2025 bushels 0 $1.50 $1.5/pound $0.00
Peaches 15 141 2115 bushels 0 $2.99 $2.99/pound $0.00 14x22
Cherries, Tart 0.5 680 340 quarts 0 $3.99 $3.99/pound $0.00
Apricots 1 79 79 bushels 0 $2.50 $2.5/pound $0.00 25x22
Plums 05 141 70.5 bushels 0 $2.00 $2.0/pound $0.00
Pomegranate 0.25 135 33.75 bushels 0 $4.50 4.50/pound $0.00
Figs 0.25 141 35.25 bushels 0 $6.00 $6.000/pound $0.00
Variable Costs
Items Applications  Number of Units $/Unit Amount
Apple Trees 1 2025 $12.00 $2,430.00
Peach Trees 1 2115 $12.00 $2,538.00
Cherry, Tart Trees 1 340 $12.00 $4,080.00
Apricot Trees 1 79 $12.00 $948.00
Plum Trees 1 70.5 $12.00 $846.00
Pomegranate Trees 1 33.75 $12.00 $405.00
Fig Trees 1 35.25 $12.00 $423.00
Soil fertility (soil test etc.) 1 3 $35.00 $105.00
Leaf analysis 0 0 $0.00 $0.00
Soil ammendments (lime, sulfur, phosphorus etc.) 1 1 $1,500.00 $1,500.00
Fertilizer 1 0 $0.00 $0.00 When leaves have appeared and young
trees are growing
vigorously, broadcast monthly applications
of N at the rate of
0.05 Ib N per tree (0.25 Ib ammonium
sulfate).
NMSU Example forumula for calculating
application rates, for nitrogen among apple
trees: Age of tree(years) x 5= b
fertilizer/tree
% of N fertilizer
Example: Fertilizing 30-year-old trees with
ammonium sulfate (AS) which has 21% N -
30x5 =7.1IbASltree
21
Certified Organic Fungicides 4 55 $500.00 $2,750.00
Certified Organic Insecticides 4 55 $500.00 $2,750.00
Irrigation, Drip Polytube 1/2" pressure compensating 1 20,000 $0.28 $5,560.00  Roughly 20,000 linear ft of poly tubing for
drip
20,000 linear ft./@.28 per ft
Fuel 8 44 $3.88 $170.72 .75 gallons/diesel per acre
Chris Babis:
DOE 6/18/
$3.88 per gallon
Oil and Grease 1 1 $200.00 $200.00
Miscellaneous (hand tools, general supplies) 1 1 $2,500.00 $2,500.00
Pollination (e.g. bee hive rental, 2 hives per acre) 1 11 $36.00 $396.00
Tree Guards 1 972.5 $4.85 $4,716.63 $242.50 for 50

Orchard Valley Supply
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0) addendum: cost benefit analysis (cont.)

Items Applications  Number of Units $/Unit Amount
Stakes 1 9725 $0.85 $826.63 85/bundle of 100 5' stakes
Orcahrd Valley Supply
Additional trellis and netting 1 55 $3,500.00 $19,250.00
Seeds (cover crop; cowpeas and sorguhm sudan grass) 1 55 $90.00 $495.00 30# per acre SSG
15# per acer CP
Rough Estimate seed costs per acre plus
innoculent
Plowing 1 55 $25.00 $137.50
Harrowing 3 55 $25.00 $137.50
seeding (cover crop) 1 55 $25.00 $137.50
Mowing 3 16.5 $25.00 $412.50
Land Preperation Per Acre 27 1485 $20.00 $2,970.00 Anticipated people hours per acre
Planting Per Acre 22 121 $16.00 $1,936.00 Anticipated people hours per acre
Production Labor (Thinning, purnning, harvesting) 48 264 $16.00 $4,224.00 Anticipated people hours per acre
Picking bags
Ladders 1 22 $181.00 $3,982.00  Estimate of 4 ladders per acre for first 2
years
wooden 6' picking ladder
Peach Ridge Orchard Supply
picking bins 0 0 $75.00
Post harvest handling and packing 1 0 $16.00 $0.00
Cold Storage 1 0 $0.00 $0.00
Transport 1 0 $0.00 $0.00
Direct marketing costs 1 4 $1,000.00 $4,000.00
Office Expenses 1 55 $500.00 $2,750.00
Property Taxes 1 55 $0.00 $0.00
Property/liability Insurance 1 5.5 $0.00 $0.00
Other Costs
Interest on operating capital (interest on general overhead) 0 0.1 $73,576.97 $7,357.70  FSA Loans Current rate is 2.25% for Direct
Operating Loan 2014
However, a nominal rate can be 10% on
borrowed operating funds, typically.
Source:http://cecentralsierra.ucanr.eduffile
$/60510.pdf

Fixed Costs
Land $0.00 $0.00

Pond and riparian buffers 1 1 $30,000.00 $30,000.00

New Well Production 1 1 $20,000.00 $20,000.00

Fencing/Gates/Infrastructure 1 1 $5,000.00 $5,000.00

Post Harvest Handling/Packing Infrastructure 1 1 $7,000.00 $7,000.00

Tractor (45 horsepower min.) 1 1 $12,000.00 $12,000.00

Airblast Orchard Sprayer 1 1 $7,500.00 $7,500.00

Model: SE-30/32 300 Gallon PTO-Driven
Sprayer: Estimated Price
Website:
http:/iwww.airofan.com/OrchardSprayers/P
TODrive/SE3032Model/SE3032300Gal.as
pXx

Tillage Equipment 1 2 $4,000.00 $8,000.00

Mower 1 1 $5,000.00 $5,000.00

YR 1 Establishment

REVENUE (GROSS RECEIPTS) 0.00

TOTAL FIXED COSTS 94,500.00

TOTAL VARIABLE COSTS 80,934.67

TOTAL COSTS PER ACRE 31,897.21

TOTAL COSTS PER HARVESTED UNIT 0.00

RETURN ABOVE VARIABLE COSTS -80,934.67

RETURN ABOVE TOTAL COSTS -175,434.67
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6) addendum: cost benefit analysis (cont.)

Yr2

Notes

Establishment People Hrs  Total Hours
Land Preperation Per Acre 27 1485
Planting Per Acre 22 121
Production Labor 48 264
Revenue
Acres Trees/Plants Total No. Market Unit  Projected Price $/Unit Amount
Per Acre Trees/Plants Yield/Qty
55
Crop
Apples 15 135 2025 bushels 0 $1.50 $1.5/pound $0.00 Avg. 40 bushels per tree
Peaches 15 141 2115 bushels 0 $2.99 $2.99/pound $0.00
Cherries, Tart 05 680 340 quarts 0 $3.99 $3.99/pound $0.00
Apricots 1 79 79 bushels 0 $2.50 $2.5/pound $0.00
Plums 05 141 70.5 bushels 0 $2.00 $2.0/pound $0.00
Pomegranate 0.25 135 33.75 bushels 0 $4.50 4.50/pound $0.00
Figs 0.25 141 35.25 bushels 0 $6.00 $6.000/pound $0.00
Yr 2 Production Estimates
Bushels/ Quarts ~ Anticipated Anticipated yield Tons Pounds/ Acre Fresh Market $/Unit Amount
Per Tree Yield (Ibs) (Ibs)
(bushels/
quarts/lugs)
Apples 0 0 0 0 0 $0.00 $1.50 $0.00 Apples 48#/bushel
avg. yield 3+ years 8 tons/acre
Peaches 0 0 0 0 0 $0.00 $2.99 $0.00 Peaches 504 bushel
avg. yield 3+ years
3.125 tons/ per acre
6,250 pounds per acre
Cherries, Tart 0 0 0 0 0 $0.00 $3.99 $0.00 Marketable yield occurs at the 5 year mark
Apricots 0 0 0 0 0 $0.00 $2.50 $0.00 24 |bs. per lug
Plums 0 0 0 0 0 $0.00 $2.00 $0.00
Pomegranate 0 0 0 0 0 $0.00 $4.50 $0.00
Figs 0 0 0 0 0 $0.00 $6.00 $0.00
Totals 0
Variable Costs
Items Applications  Number of Units $/Unit Amount
Apple Trees 1 20 $12.00 $240.00
Peach Trees 1 20 $12.00 $240.00
Cherry, Tart Trees 1 34 $12.00 $408.00
Apricot Trees 1 8 $12.00 $96.00
Plum Trees 1 8 $12.00 $96.00
Pomogranate 1 8 $12.00 $96.00
Fig Trees 1 8 $12.00 $96.00
Soil fertility (soil test etc.) 1 3 $35.00 $105.00
Leaf analysis 5 30 $35.00 $1,050.00
Soil ammendments (lime, sulfur, phosphorus etc.) 0 0 $0.00 $0.00
Fertilizer 1 55 $500.00 $2,750.00
Certified Organic Fungicides 4 55 $500.00 $2,750.00
Certified Organic Insecticides 4 5.5 $500.00 $2,750.00
Irrigation, Drip Polytube 1/2" pressure compensating 0 0 $0.28 $0.00
Fuel 8 44 $3.88 $170.72
Oil and Grease 1 1 $200.00 $200.00
Miscellaneous (hand tools, general supplies) 1 1 $2,500.00 $2,500.00
Pollination (e.g. bee hive rental, 2 hives per acre) 1 11 $36.00 $396.00
Tree Guards 0 10 $4.85 $48.50
Stakes 0 50 $0.85 $42.50
Additional trellis and netting 1 0 $3,500.00 $0.00
Seeds (cover crop; cowpeas and sorguhm sudan grass) 1 55 $90.00 $495.00
Plowing 1 0 $25.00 $0.00
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0) addendum: cost benefit analysis (cont.)

Bushels/ Quarts ~ Anticipated ~Anticipated yield Tons Pounds/ Acre Fresh Market $/Unit Amount
Per Tree Yield (Ibs) (Ibs)
(bushels/
quarts/lugs)

Harrowing 3 0 $25.00 $0.00
seeding (cover crop) 1 55 $25.00 $137.50
Mowing 3 16.5 $25.00 $412.50
Land Preperation Per Acre 27 0 $20.00 $0.00
Planting Per Acre 22 20 $16.00 $320.00
Production Labor (Thinning, purnning, harvesting) 48 264 $16.00 $4,224.00
Picking bags 0 0 $0.00 $0.00
Ladders 1 0 $181.00 $0.00
picking bins 0 0 $75.00 $0.00
Post harvest handling and packing 1 0 $16.00 $0.00
Cold Storage 1 0 $0.00 $0.00
Transport 1 0 $0.00 $0.00
Direct marketing costs 1 4 $1,000.00 $4,000.00
Office Expenses 1 55 $500.00 $2,750.00
Property Taxes 1 55 $0.00 $0.00
Property/liability Insurance 1 55 $0.00 $0.00
Other Costs
Interest on operating capital (interest on general overhead) 0 0 $73,576.97 $7,357.70
Fixed Costs 0 0
Land 0 0 $0.00 $0.00
Pond 1 3 $10,000.00 $30,000.00
New Well Production 1 1 $20,000.00 $20,000.00
Fencing/Gates/Infrastructure 1 1 $5,000.00 $5,000.00
Post Harvest Handling/Packing Infrastructure 1 1 $7,000.00 $7,000.00
Tractor (45 horsepower min.) 1 1 $12,000.00 $12,000.00
Airblast Orchard Sprayer 1 1 $7,500.00 $7,500.00
Tillage Equipment 1 2 $4,000.00 $8,000.00
Mower 1 1 $5,000.00 $5,000.00

YR 1 Establishment

REVENUE (GROSS RECEIPTS) 0
TOTAL FIXED COSTS 94500
TOTAL VARIABLE COSTS 33731.417
TOTAL COSTS PER ACRE 23314.80309
TOTAL COSTS PER HARVESTED UNIT 0
RETURN ABOVE VARIABLE COSTS -33731.417

RETURN ABOVE TOTAL COSTS -128231.417
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6) addendum: cost benefit analysis (cont.)

Yr3

Notes

Establishment People Hrs  Total Hours
Land Preperation Per Acre 27 1485
Planting Per Acre 22 121
Production Labor 48 264
Revenue
Acres Trees/Plants Total No. Market Unit  Projected Price $/Unit Amount
Per Acre Trees/Plants Yield/Qty
55
Crop
Apples 15 135 2025 bushels 0 $1.50 $1.5/pound $0.00 Avg. 40 bushels per tree
Peaches 15 141 2115 bushels 0 $2.99 $2.99/pound $0.00
Cherries, Tart 05 680 340 quarts 0 $3.99 $3.99/pound $0.00
Apricots 1 79 79 bushels 0 $2.50 $2.5/pound $0.00
Plums 05 141 70.5 bushels 0 $2.00 $2.0/pound $0.00
Pomegranate 0.25 135 33.75 bushels 0 $4.50 4.50/pound $0.00
Figs 0.25 141 35.25 bushels 0 $6.00 $6.000/pound $0.00
Yr 3 Production Estimates
Bushels/ Quarts ~ Anticipated Anticipated yield Tons Pounds/ Acre Fresh Market $/Unit Amount
Per Tree Yield (Ibs) (Ibs)
(bushels/
quarts/lugs)
Apples 0 0 0 0 0 $0.00 $1.50 $0.00 Apples 48#/bushel
avg. yield 3+ years 8 tons/acre
Peaches 0 0 0 0 0 $0.00 $2.99 $0.00 Peaches 504 bushel
avg. yield 3+ years
3.125 tons/ per acre
6,250 pounds per acre
Cherries, Tart 0 0 0 0 0 $0.00 $3.99 $0.00 Marketable yield occurs at the 5 year mark
Apricots 0 0 0 0 0 $0.00 $2.00 $0.00 24 |bs. per lug
Plums 0 0 0 0 0 $0.00 $2.00 $0.00
Pomegranate 0 0 0 0 0 $0.00 $4.50 $0.00
Figs 0 0 0 0 0 $0.00 $6.00 $0.00
Totals 0
Variable Costs
Items Applications  Number of Units $/Unit Amount
Apple Trees 1 5 $12.00 $60.00
Peach Trees 1 5 $12.00 $60.00
Cherry, Tart Trees 1 15 $12.00 $180.00
Apricot Trees 1 4 $12.00 $48.00
Plum Trees 1 4 $12.00 $48.00
Fig Trees 1 4 $12.00 $48.00
Soil fertility (soil test etc.) 1 3 $35.00 $105.00
Leaf analysis 1 30 $35.00 $1,050.00
Soil ammendments (lime, sulfur, phosphorus etc.) 0 0 $1,500.00 $0.00
Fertilizer 1 55 $500.00 $2,750.00
Certified Organic Fungicides 4 55 $500.00 $2,750.00
Certified Organic Insecticides 4 55 $500.00 $2,750.00
Irrigation, Drip Polytube 1/2" pressure compensating 0 0 $0.28 $0.00
Fuel 8 44 $3.88 $170.72
Oil and Grease 1 1 $200.00 $200.00
Miscellaneous (hand tools, general supplies) 1 1 $2,500.00 $2,500.00
Pollination (e.g. bee hive rental, 2 hives per acre) 1 11 $36.00 $396.00
Tree Guards 1 5 $4.85 $24.25
Stakes 1 40 $0.85 $34.00
Additional trellis and netting 0 0 $3,500.00 $0.00
Seeds (cover crop; cowpeas and sorguhm sudan grass) 1 0 $90.00 $0.00
Plowing 0 0 $25.00 $0.00
Harrowing 3 0 $25.00 $0.00
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0) addendum: cost benefit analysis (cont.)

Bushels/ Quarts ~ Anticipated ~Anticipated yield Tons Pounds/ Acre Fresh Market $/Unit Amount
Per Tree Yield (Ibs) (Ibs)
(bushels/
quarts/lugs)

seeding (cover crop) 1 0 $25.00 $0.00
Mowing 3 16.5 $25.00 $412.50
Land Preperation Per Acre 27 0 $20.00 $0.00
Planting Per Acre 22 1 $16.00 $16.00
Production Labor (Thinning, purnning, harvesting) 48 400 $16.00 $6,400.00
Picking bags 0 0 $0.00 $0.00
Ladders 1 0 $181.00 $0.00
picking bins 0 0 $75.00 $0.00
Post harvest handling and packing 1 0 $16.00 $0.00
Cold Storage 1 6 $110.00 $660.00
Transport 6 50 $50.00 $2,500.00
Direct marketing costs 1 4 $1,000.00 $4,000.00
Office Expenses 1 55 $500.00 $2,750.00
Property Taxes 1 55 $0.00 $0.00
Property/liability Insurance 1 55 $0.00 $0.00
Other Costs 0 0
Interest on operating capital (interest on general overhead) 0 0.1 $73,576.97 $7,357.70
Fixed Costs
Land 0 0 $0.00 $0.00
Pond 1 3 $10,000.00 $30,000.00
New Well Production 1 1 $20,000.00 $20,000.00
Fencing/Gates/Infrastructure 1 1 $5,000.00 $5,000.00
Post Harvest Handling/Packing Infrastructure 1 1 $7,000.00 $7,000.00
Tractor (45 horsepower min.) 1 1 $12,000.00 $12,000.00
Airblast Orchard Sprayer 1 1 $7,500.00 $7,500.00
Tillage Equipment 1 2 $4,000.00 $8,000.00
Mower 1 1 $5,000.00 $5,000.00
YR 1 Establishment
REVENUE (GROSS RECEIPTS) 0
TOTAL FIXED COSTS 94500
TOTAL VARIABLE COSTS 37270.167
TOTAL COSTS PER ACRE 23958.21218
TOTAL COSTS PER HARVESTED UNIT 0
RETURN ABOVE VARIABLE COSTS -37270.167

RETURN ABOVE TOTAL COSTS -131770.167
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6) addendum: cost benefit analysis (cont.)

Yr4

Notes

Establishment People Hrs  Total Hours
Land Preperation Per Acre 27 1485
Planting Per Acre 22 121
Production Labor 48 264
Revenue
Acres Trees/Plants Total No. Market Unit  Projected Price $/Unit Amount
Per Acre Trees/Plants Yield/Qty
55
Crop
Apples 15 135 2025 bushels 0 $1.50 $1.5/pound $0.00 Avg. 40 bushels per tree
Peaches 15 141 2115 bushels 0 $2.99 $2.99/pound $0.00
Cherries, Tart 05 680 340 quarts 0 $3.99 $3.99/pound $0.00
Apricots 1 79 79 bushels 0 $2.50 $2.5/pound $0.00
Plums 05 141 70.5 bushels 0 $2.00 $2.0/pound $0.00
Pomegranate 0.25 135 33.75 bushels 0 $4.50 4.50/pound $0.00
Figs 0.25 141 35.25 bushels 0 $6.00 $6.000/pound $0.00
Yr 4 Production Estimates
Bushels/ Quarts ~ Anticipated Anticipated yield Tons Pounds/ Acre Fresh Market $/Unit Amount
Per Tree Yield (Ibs) (Ibs)
(bushels/
quarts/lugs)
Apples 0 0 0 0 0 $0.00 $1.50 $1.75 Apples 48#/bushel
avg. yield 3+ years 8 tons/acre
Peaches 0.45 95.175 4758.75 2.379375 31725 $3,331.13 $2.99 $9,960.06 Peaches 504 bushel
avg. yield 3+ years
3.125 tons/ per acre
6,250 pounds per acre
Cherries, Tart 0 0 0 0 0 $0.00 $3.99 $0.00 Marketable yield occurs at the 5 year mark
Apricots 0.35 27.65 663.6 0.3318 663.6 $464.52 $2.50 $1,161.30 24 |bs. per lug
Plums 0.25 17.625 423 0.2115 846 $296.10 $2.00 $592.20
Pomegranate 0 0 0 0 0 $0.00 $4.50 $0.00
Figs 0.09 3.1725 76.14 0.03807 304.56 $74.62 $6.00 $447.70
Totals 5921.49
Variable Costs
Items Applications  Number of Units $/Unit Amount
Apple Trees 1 5 $12.00 $60.00
Peach Trees 1 5 $12.00 $60.00
Cherry, Tart Trees 1 5 $12.00 $60.00
Apricot Trees 1 5 $12.00 $60.00
Plum Trees 1 5 $12.00 $60.00
Pomegranate 1 5 $12.00 $60.00
Fig Trees 1 5 $12.00 $60.00
Soil fertility (soil test etc.) 1 3 $35.00 $105.00
Leaf analysis 0 30 $35.00 $1,050.00
Soil ammendments (lime, sulfur, phosphorus etc.) 1 1 $1,500.00 $1,500.00
Fertilizer 1 55 $500.00 $2,750.00
Certified Organic Fungicides 4 55 $500.00 $2,750.00
Certified Organic Insecticides 4 5.5 $500.00 $2,750.00
Irrigation, Drip Polytube 1/2" pressure compensating 1 0 $0.28 $0.00
Fuel 8 44 $3.88 $170.72
Oil and Grease 1 1 $200.00 $200.00
Miscellaneous (hand tools, general supplies) 1 1 $2,500.00 $2,500.00
Pollination (e.g. bee hive rental, 2 hives per acre) 1 11 $36.00 $396.00
Tree Guards 1 5 $4.85 $24.25
Stakes 1 5 $0.85 $4.25
Additional trellis and netting 1 0 $3,500.00 $0.00
Seeds (cover crop; cowpeas and sorguhm sudan grass) 1 1 $90.00 $90.00
Plowing 0 0 $25.00 $0.00
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0) addendum: cost benefit analysis (cont.)

Bushels/ Quarts ~ Anticipated ~Anticipated yield Tons Pounds/ Acre Fresh Market $/Unit Amount
Per Tree Yield (Ibs) (Ibs)
(bushels/
quarts/lugs)

Harrowing 0 0 $25.00 $0.00
seeding (cover crop) 1 1 $25.00 $25.00
Mowing 3 16.5 $25.00 $412.50
Land Preperation Per Acre 27 0 $20.00 $0.00
Planting Per Acre 22 10 $16.00 $160.00
Production Labor (Thinning, purnning, harvesting) 48 500 $16.00 $8,000.00
Picking bags 0 0 $0.00 $0.00
Ladders 0 0 $181.00 $0.00
picking bins 0 0 $75.00 $0.00
Post harvest handling and packing 0 0 $16.00 $0.00
Cold Storage 6 6 $110.00 $660.00
Transport 6 50 $50.00 $2,500.00
Direct marketing costs 1 4 $1,000.00 $4,000.00
Office Expenses 1 55 $500.00 $2,750.00
Property Taxes 1 55 $0.00 $0.00
Property/liability Insurance 1 55 $0.00 $0.00
Other Costs
Interest on operating capital (interest on general overhead) 0 0.1 $73,576.97 $7,357.70
Fixed Costs
Land 0 0 $0.00 $0.00
Pond 1 3 $10,000.00 $30,000.00
New Well Production 1 1 $20,000.00 $20,000.00
Fencing/Gates/Infrastructure 1 1 $5,000.00 $5,000.00
Post Harvest Handling/Packing Infrastructure 1 1 $7,000.00 $7,000.00
Tractor (45 horsepower min.) 1 1 $12,000.00 $12,000.00
Airblast Orchard Sprayer 1 1 $7,500.00 $7,500.00
Tillage Equipment 1 2 $4,000.00 $8,000.00
Mower 1 1 $5,000.00 $5,000.00
YR 1 Establishment
REVENUE (GROSS RECEIPTS) 12163.01695
TOTAL FIXED COSTS 94500
TOTAL VARIABLE COSTS 40575.417
TOTAL COSTS PER ACRE 24559.16673
TOTAL COSTS PER HARVESTED UNIT 22.81105212
RETURN ABOVE VARIABLE COSTS -28412.40005

RETURN ABOVE TOTAL COSTS -122912.4001
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6) addendum: cost benefit analysis (cont.)

Yr5

Notes

Establishment People Hrs  Total Hours
Land Preperation Per Acre 27 1485
Planting Per Acre 22 121
Production Labor 48 264
Revenue
Acres Trees/Plants Total No. Market Unit  Projected Price $/Unit Amount
Per Acre Trees/Plants Yield/Qty
55
Crop
Apples 15 135 2025 bushels 0 $1.50 $1.5/pound $0.00 Avg. 40 bushels per tree
Peaches 15 141 2115 bushels 0 $2.99 $2.99/pound $0.00
Cherries, Tart 05 680 340 quarts 0 $3.99 $3.99/pound $0.00
Apricots 1 79 79 bushels 0 $2.50 $2.5/pound $0.00
Plums 0.5 141 70.5 bushels 0 $2.00 $2.0/pound $0.00
Pomegranate 0.25 135 33.75 bushels 0 $4.50 4.50/pound $0.00
Figs 0.25 141 35.25 bushels 0 $6.00 $6.000/pound $0.00
Yr 5 Production Estimates
Bushels/ Quarts ~ Anticipated Anticipated yield Tons Pounds/ Acre Fresh Market $/Unit Amount
Per Tree Yield (Ibs) (Ibs)
(bushels/
quarts/lugs)
Apples 0.5 101.25 4860 243 3240 $3,402.00 $1.50 $5,103.00 Apples 48#/bushel
avg. yield 3+ years 8 tons/acre
Peaches 0.675 142.7625 7138.125 3.5690625 4758.75 $4,996.69 $2.99 $14,940.10 Peaches 504 bushel
avg. yield 3+ years
3.125 tons/ per acre
6,250 pounds per acre
Cherries, Tart 0.2 68 3400 1.7 6800 $2,380.00 $3.99 $9,496.20 Marketable yield occurs at the 5 year mark
Apricots 0.525 41475 995.4 0.4977 995.4 $696.78 $2.50 $1,741.95 24 |bs. per lug
Plums 0.375 26.4375 634.5 0.31725 1269 $444.15 $2.00 $888.30
Pomegranate 0.25 8.4375 405 0.2025 1620 $283.50 $4.50 $1,275.75
Figs 0.135 4.75875 11421 0.057105 456.84 $111.93 $2.28 $255.66
Totals 17547.235
Variable Costs
Items Applications  Number of Units $/Unit Amount
Apple Trees 1 2 $12.00 $24.00
Peach Trees 1 2 $12.00 $24.00
Cherry, Tart Trees 1 2 $12.00 $24.00
Apricot Trees 1 2 $12.00 $24.00
Plum Trees 1 2 $12.00 $24.00
Pomegranate 1 2 $12.00 $24.00
Fig Trees 1 2 $12.00 $24.00
Soil fertility (soil test etc.) 1 3 $35.00 $105.00
Leaf analysis 0 30 $35.00 $1,050.00
Soil ammendments (lime, sulfur, phosphorus etc.) 1 1 $1,500.00 $1,500.00
Fertilizer 1 55 $500.00 $2,750.00
Certified Organic Fungicides 4 55 $500.00 $2,750.00
Certified Organic Insecticides 4 5.5 $500.00 $2,750.00
Irrigation, Drip Polytube 1/2" pressure compensating 1 0 $0.28 $0.00
Fuel 8 44 $3.88 $170.72
Oil and Grease 1 1 $200.00 $200.00
Miscellaneous (hand tools, general supplies) 1 1 $2,500.00 $2,500.00
Pollination (e.g. bee hive rental, 2 hives per acre) 1 11 $36.00 $396.00
Tree Guards 1 5 $4.85 $24.25
Stakes 1 5 $0.85 $4.25
Additional trellis and netting 1 0 $3,500.00 $0.00
Seeds (cover crop; cowpeas and sorguhm sudan grass) 1 1 $90.00 $90.00
Plowing 0 0 $25.00 $0.00




aligning ecological restoration & community interests through active experimentation ,\L,},\ 10SA CREEK AND THE
grant agreement # R12AP80911; final report CANADA ALAMOSA COMMUNITY

0) addendum: cost benefit analysis (cont.)

Bushels/ Quarts ~ Anticipated ~Anticipated yield Tons Pounds/ Acre Fresh Market $/Unit Amount
Per Tree Yield (Ibs) (Ibs)
(bushels/
quarts/lugs)

Harrowing 0 0 $25.00 $0.00
seeding (cover crop) 1 1 $25.00 $25.00
Mowing 3 16.5 $25.00 $412.50
Land Preperation Per Acre 27 0 $20.00 $0.00
Planting Per Acre 22 10 $16.00 $160.00
Production Labor (Thinning, purnning, harvesting) 48 600 $16.00 $9,600.00
Picking bags 0 0 $0.00 $0.00
Ladders 0 0 $181.00 $0.00
picking bins 0 0 $75.00 $0.00
Post harvest handling and packing 0 0 $16.00 $0.00
Cold Storage 6 6 $110.00 $660.00
Transport 6 50 $50.00 $2,500.00
Direct marketing costs 1 4 $1,000.00 $4,000.00
Office Expenses 1 55 $500.00 $2,750.00
Property Taxes 1 55 $0.00 $0.00
Property/liability Insurance 1 55 $0.00 $0.00
Other Costs
Interest on operating capital (interest on general overhead) 0 0.1 $73,576.97 $7,357.70
Fixed Costs
Land
Pond 1 3 $10,000.00 $30,000.00
New Well Production 1 1 $20,000.00 $20,000.00
Fencing/Gates/Infrastructure 1 1 $5,000.00 $5,000.00
Post Harvest Handling/Packing Infrastructure 1 1 $7,000.00 $7,000.00
Tractor (45 horsepower min.) 1 1 $12,000.00 $12,000.00
Airblast Orchard Sprayer 1 1 $7,500.00 $7,500.00
Tillage Equipment 1 2 $4,000.00 $8,000.00
Mower 1 1 $5,000.00 $5,000.00
YR 1 Establishment
REVENUE (GROSS RECEIPTS) 33700.95654
TOTAL FIXED COSTS 94500
TOTAL VARIABLE COSTS 41923.417
TOTAL COSTS PER ACRE 24804.25764
TOTAL COSTS PER HARVESTED UNIT 7.774638967
RETURN ABOVE VARIABLE COSTS -8222.460463

RETURN ABOVE TOTAL COSTS -102722.4605
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6) addendum: cost benefit analysis (cont.)

Yr6

Notes

Establishment People Hrs  Total Hours
Land Preperation Per Acre 27 1485
Planting Per Acre 22 121
Production Labor 48 264
Revenue
Acres Trees/Plants Total No. Market Unit  Projected Price $/Unit Amount
Per Acre Trees/Plants Yield/Qty
55
Crop
Apples 15 135 2025 bushels 0 $1.50 $1.5/pound $0.00 Avg. 40 bushels per tree
Peaches 15 141 2115 bushels 0 $2.99 $2.99/pound $0.00
Cherries, Tart 05 680 340 quarts 0 $3.99 $3.99/pound $0.00
Apricots 1 79 79 bushels 0 $2.50 $2.5/pound $0.00
Plums 05 141 70.5 bushels 0 $2.00 $2.0/pound $0.00
Pomegranate 0.25 135 33.75 bushels 0 $4.50 4.50/pound $0.00
Figs 0.25 141 35.25 bushels 0 $6.00 $6.000/pound $0.00
Yr6 Production Estimates
Bushels/ Quarts ~ Anticipated Anticipated yield Tons Pounds/ Acre Fresh Market $/Unit Amount
Per Tree Yield (Ibs) (Ibs)
(bushels/
quarts/lugs)
Apples 0.75 151.875 7290 3.645 4860 $5,103.00 $1.50 $7,654.50 Apples 48#/bushel
avg. yield 3+ years 8 tons/acre
Peaches 1.01 213.615 10680.75 5.340375 71205 $7,476.53 $2.99 $22,354.81 Peaches 50# bushel
avg. yield 3+ years
3.125 tons/ per acre
6,250 pounds per acre
Cherries, Tart 0.3 102 5100 2.55 10200 $3,570.00 $3.99 $14,244.30 Marketable yield occurs at the 5 year mark
Apricots 0.79 62.41 1497.84 0.74892 1497.84 $1,048.49 $2.50 $2,621.22 24 bs. per lug
Plums 0.56 39.48 947.52 0.47376 1895.04 $663.26 $2.00 $1,326.53
Pomegranate 0.375 12.65625 607.5 0.30375 2430 $425.25 $4.50 $1,913.63
Figs 0.3 10.575 253.8 0.1269 1015.2 $248.72 $6.00 $1,492.34
Totals 26377.41
Variable Costs
Items Applications  Number of Units $/Unit Amount
Apple Trees 1 2 $12.00 $24.00
Peach Trees 1 2 $12.00 $24.00
Cherry, Tart Trees 1 2 $12.00 $24.00
Apricot Trees 1 2 $12.00 $24.00
Plum Trees 1 2 $12.00 $24.00
Pomogranate 1 2 $12.00 $24.00
Fig Trees 1 2 $12.00 $24.00
Soil fertility (soil test etc.) 1 3 $35.00 $105.00
Leaf analysis 0 30 $35.00 $1,050.00
Soil ammendments (lime, sulfur, phosphorus etc.) 1 1 $1,500.00 $1,500.00
Fertilizer 1 55 $500.00 $2,750.00
Certified Organic Fungicides 4 55 $500.00 $2,750.00
Certified Organic Insecticides 4 55 $500.00 $2,750.00
Irrigation, Drip Polytube 1/2" pressure compensating 1 0 $0.28 $0.00
Fuel 8 44 $3.88 $170.72
Oil and Grease 1 1 $200.00 $200.00
Miscellaneous (hand tools, general supplies) 1 1 $2,500.00 $2,500.00
Pollination (e.g. bee hive rental, 2 hives per acre) 1 11 $36.00 $396.00
Tree Guards 1 5 $4.85 $24.25
Stakes 1 5 $0.85 $4.25
Additional trellis and netting 1 0 $3,500.00 $0.00
Seeds (cover crop; cowpeas and sorguhm sudan grass) 1 1 $90.00 $90.00
Plowing 0 0 $25.00 $0.00
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0) addendum: cost benefit analysis (cont.)

Bushels/ Quarts ~ Anticipated ~Anticipated yield Tons Pounds/ Acre Fresh Market $/Unit Amount
Per Tree Yield (Ibs) (Ibs)
(bushels/
quarts/lugs)
Harrowing 0 0 $25.00 $0.00
seeding (cover crop) 1 1 $25.00 $25.00
Mowing 3 16.5 $25.00 $412.50
Land Preperation Per Acre 27 0 $20.00 $0.00
Planting Per Acre 22 10 $16.00 $160.00
Production Labor (Thinning, purnning, harvesting) 48 700 $16.00 $11,200.00
Picking bags 0 0 $0.00 $0.00
Ladders 0 0 $181.00 $0.00
picking bins 0 0 $75.00 $0.00
Post harvest handling and packing 0 0 $16.00 $0.00
Cold Storage 6 6 $110.00 $660.00
Transport 6 50 $50.00 $2,500.00
Direct marketing costs 1 4 $1,000.00 $4,000.00
Office Expenses 1 55 $500.00 $2,750.00
Property Taxes 1 55 $0.00 $0.00
Property/liability Insurance 1 55 $0.00 $0.00
$0.00 $0.00
Other Costs
Interest on operating capital (interest on general overhead) 0 0.1 $73,576.97 $7,357.70
Fixed Costs
Land 0 0 $0.00 $0.00
1 3 $10,000.00 $30,000.00
New Well Production 1 1 $20,000.00 $20,000.00
Fencing/Gates/Infrastructure 1 1 $5,000.00 $5,000.00
Post Harvest Handling/Packing Infrastructure 1 1 $7,000.00 $7,000.00
Tractor (45 horsepower min.) 1 1 $12,000.00 $12,000.00
Airblast Orchard Sprayer 1 1 $7,500.00 $7,500.00
Tillage Equipment 1 2 $4,000.00 $8,000.00
Mower 1 1 $5,000.00 $5,000.00
YR 1 Establishment
REVENUE (GROSS RECEIPTS) 51607.32675
TOTAL FIXED COSTS 94500
TOTAL VARIABLE COSTS 43523.417
TOTAL COSTS PER ACRE 25095.16673
TOTAL COSTS PER HARVESTED UNIT 5.232637207
RETURN ABOVE VARIABLE COSTS 8083.90975

RETURN ABOVE TOTAL COSTS -86416.09025
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6) addendum: cost benefit analysis (cont.)

Yr7

Notes

Establishment People Hrs  Total Hours
Land Preperation Per Acre 27 1485
Planting Per Acre 22 121
Production Labor 48 264
Revenue
Acres Trees/Plants Total No. Market Unit  Projected Price $/Unit Amount
Per Acre Trees/Plants Yield/Qty
55
Crop
Apples 15 135 2025 bushels 0 $1.50 $1.5/pound $0.00 Avg. 40 bushels per tree
Peaches 15 141 2115 bushels 0 $2.99 $2.99/pound $0.00
Cherries, Tart 05 680 340 quarts 0 $3.99 $3.99/pound $0.00
Apricots 1 79 79 bushels 0 $2.50 $2.5/pound $0.00
Plums 05 141 70.5 bushels 0 $2.00 $2.0/pound $0.00
Pomegranate 0.25 135 33.75 bushels 0 $4.50 4.50/pound $0.00
Figs 0.25 141 35.25 bushels 0 $6.00 $6.000/pound $0.00
Yr 7 Production Estimates
Bushels/ Quarts ~ Anticipated Anticipated yield Tons Pounds/ Acre Fresh Market $/Unit Amount
Per Tree Yield (Ibs) (Ibs)
(bushels/
quarts/lugs)
Apples 113 228.825 10983.6 5.4918 7322.4 $7,688.52 $1.50 $11,532.78 Apples 48#/bushel
avg. yield 3+ years 8 tons/acre
Peaches 1515 320.4225 16021.125 8.0105625 10680.75  $11,214.79 $2.99 $33,532.21 Peaches 50# bushel
avg. yield 3+ years
3.125 tons/ per acre
6,250 pounds per acre
Cherries, Tart 0.45 153 7650 3.825 15300 $5,355.00 $3.99 $21,366.45 Marketable yield occurs at the 5 year mark
Apricots 119 94.01 2256.24 1.12812 2256.24 $1,579.37 $2.50 $3,948.42 24 bs. per lug
Plums 0.84 59.22 1421.28 0.71064 2842.56 $994.90 $2.00 $1,989.79
Pomegranate 0.375 12.65625 607.5 0.30375 2430 $425.25 $4.50 $1,913.63
Figs 0.45 15.8625 380.7 0.19035 1522.8 $373.09 $6.00 $2,238.52
Totals 39320.445
Variable Costs
Items Applications  Number of Units $/Unit Amount
Apple Trees 1 2 $12.00 $24.00
Peach Trees 1 2 $12.00 $24.00
Cherry, Tart Trees 1 2 $12.00 $24.00
Apricot Trees 1 2 $12.00 $24.00
Plum Trees 1 2 $12.00 $24.00
Pomogranate 1 2 $12.00 $24.00
Fig Trees 1 2 $12.00 $24.00
Soil fertility (soil test etc.) 1 3 $35.00 $105.00
Leaf analysis 0 30 $35.00 $1,050.00
Soil ammendments (lime, sulfur, phosphorus etc.) 1 1 $1,500.00 $1,500.00
Fertilizer 1 55 $500.00 $2,750.00
Certified Organic Fungicides 4 55 $500.00 $2,750.00
Certified Organic Insecticides 4 55 $500.00 $2,750.00
Irrigation, Drip Polytube 1/2" pressure compensating 1 0 $0.28 $0.00
Fuel 8 44 $3.88 $170.72
Oil and Grease 1 1 $200.00 $200.00
Miscellaneous (hand tools, general supplies) 1 1 $2,500.00 $2,500.00
Pollination (e.g. bee hive rental, 2 hives per acre) 1 11 $36.00 $396.00
Tree Guards 1 5 $4.85 $24.25
Stakes 1 5 $0.85 $4.25
Additional trellis and netting 1 0 $3,500.00 $0.00
Seeds (cover crop; cowpeas and sorguhm sudan grass) 1 1 $90.00 $90.00
Plowing 0 0 $25.00 $0.00
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0) addendum: cost benefit analysis (cont.)

Bushels/ Quarts ~ Anticipated ~Anticipated yield Tons Pounds/ Acre Fresh Market $/Unit Amount
Per Tree Yield (Ibs) (Ibs)
(bushels/
quarts/lugs)
Harrowing 0 0 $25.00 $0.00
seeding (cover crop) 1 1 $25.00 $25.00
Mowing 3 16.5 $25.00 $412.50
Land Preperation Per Acre 27 0 $20.00 $0.00
Planting Per Acre 22 10 $16.00 $160.00
Production Labor (Thinning, purnning, harvesting) 48 700 $16.00 $11,200.00
Picking bags 0 0 $0.00 $0.00
Ladders 0 0 $181.00 $0.00
picking bins 0 0 $75.00 $0.00
Post harvest handling and packing 0 0 $16.00 $0.00
Cold Storage 6 6 $110.00 $660.00
Transport 6 50 $50.00 $2,500.00
Direct marketing costs 1 4 $1,000.00 $4,000.00
Office Expenses 1 55 $500.00 $2,750.00
Property Taxes 1 55 $0.00 $0.00
Property/liability Insurance 1 55 $0.00 $0.00
$0.00 $0.00

Other Costs
Interest on operating capital (interest on general overhead) 0 0.1 $73,576.97 $7,357.70
Fixed Costs
Land 0 0 $0.00 $0.00
Pond 1 3 $10,000.00 $30,000.00
New Well Production 1 1 $20,000.00 $20,000.00
Fencing/Gates/Infrastructure 1 1 $5,000.00 $5,000.00
Post Harvest Handling/Packing Infrastructure 1 1 $7,000.00 $7,000.00
Tractor (45 horsepower min.) 1 1 $12,000.00 $12,000.00
Airblast Orchard Sprayer 1 1 $7,500.00 $7,500.00
Tillage Equipment 1 2 $4,000.00 $8,000.00
Mower 1 1 $5,000.00 $5,000.00
YR 1 Establishment
REVENUE (GROSS RECEIPTS) 76521.79763
TOTAL FIXED COSTS 94500
TOTAL VARIABLE COSTS 43523.417
TOTAL COSTS PER ACRE 25095.16673
TOTAL COSTS PER HARVESTED UNIT 3.510220116
RETURN ABOVE VARIABLE COSTS 32998.38063

RETURN ABOVE TOTAL COSTS -61501.61938
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6) addendum: cost benefit analysis (cont.)

Yr8 Notes
Establishment People Hrs  Total Hours
Land Preperation Per Acre 27 1485
Planting Per Acre 22 121
Production Labor 48 264
Revenue
Acres Trees/Plants Total No. Market Unit  Projected Price $/Unit Amount
Per Acre Trees/Plants Yield/Qty
55
Crop
Apples 15 135 2025 bushels 0 $1.50 $1.5/pound $0.00 Avg. 40 bushels per tree
Peaches 15 141 2115 bushels 0 $2.99 $2.99/pound $0.00
Cherries, Tart 05 680 340 quarts 0 $3.99 $3.99/pound $0.00
Apricots 1 79 79 bushels 0 $2.50 $2.5/pound $0.00
Plums 0.5 141 70.5 bushels 0 $2.00 $2.0/pound $0.00
Pomegranate 0.25 135 33.75 bushels 0 $4.50 4.50/pound $0.00
Figs 0.25 141 35.25 bushels 0 $6.00 $6.000/pound $0.00

Yr 8 Production Estimates

Bushels/ Quarts ~ Anticipated Anticipated yield Tons Pounds/ Acre Fresh Market $/Unit Amount
Per Tree Yield (Ibs) (Ibs)
(bushels/
quarts/lugs)
Apples 1.695 343.2375 16475.4 8.2377 10983.6 $11,532.78 $1.50 $17,299.17 Apples 48#/bushel
avg. yield 3+ years 8 tons/acre
Peaches 2.28 482.22 24111 12.0555 16074 $16,877.70 $2.99 $50,464.32 Peaches 504 bushel

avg. yield 3+ years
3.125 tons/ per acre

6,250 pounds per acre
Cherries, Tart 0.675 2295 11475 5.7375 22950 $8,032.50 $3.99 $32,049.68 Marketable yield occurs at the 5 year mark
Apricots 179 14141 3393.84 1.69692 3393.84 $2,375.69 $2.50 $5,939.22 24 |bs. per lug
Plums 1.26 88.83 2131.92 1.06596 4263.84 $1,492.34 $2.00 $2,984.69
Pomegranate 0.56 18.9 907.2 0.4536 3628.8 $635.04 $4.50 $2,857.68
Figs 0.675 23.79375 571.05 0.285525 2284.2 $559.63 $6.00 $3,357.77
Totals 59065.41

Variable Costs

Items Applications  Number of Units $/Unit Amount
Apple Trees 1 2 $12.00 $24.00
Peach Trees 1 2 $12.00 $24.00
Cherry, Tart Trees 1 2 $12.00 $24.00
Apricot Trees 1 2 $12.00 $24.00
Plum Trees 1 2 $12.00 $24.00
Pomogranate 1 2 $12.00 $24.00
Fig Trees 1 2 $12.00 $24.00
Soil fertility (soil test etc.) 1 3 $35.00 $105.00
Leaf analysis 0 30 $35.00 $1,050.00
Soil ammendments (lime, sulfur, phosphorus etc.) 1 1 $1,500.00 $1,500.00
Fertilizer 1 55 $500.00 $2,750.00
Certified Organic Fungicides 4 55 $500.00 $2,750.00
Certified Organic Insecticides 4 5.5 $500.00 $2,750.00
Irrigation, Drip Polytube 1/2" pressure compensating 1 0 $0.28 $0.00
Fuel 8 44 $3.88 $170.72
Oil and Grease 1 1 $200.00 $200.00
Miscellaneous (hand tools, general supplies) 1 1 $2,500.00 $2,500.00
Pollination (e.g. bee hive rental, 2 hives per acre) 1 11 $36.00 $396.00
Tree Guards 1 5 $4.85 $24.25
Stakes 1 5 $0.85 $4.25
Additional trellis and netting 1 0 $3,500.00 $0.00
Seeds (cover crop; cowpeas and sorguhm sudan grass) 1 $90.00 $90.00

Plowing 0 0 $25.00 $0.00
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0) addendum: cost benefit analysis (cont.)

Bushels/ Quarts ~ Anticipated ~Anticipated yield Tons Pounds/ Acre Fresh Market $/Unit Amount
Per Tree Yield (Ibs) (Ibs)
(bushels/
quarts/lugs)
Harrowing 0 0 $25.00 $0.00
seeding (cover crop) 1 1 $25.00 $25.00
Mowing 3 16.5 $25.00 $412.50
Land Preperation Per Acre 27 0 $20.00 $0.00
Planting Per Acre 22 10 $16.00 $160.00
Production Labor (Thinning, purnning, harvesting) 48 800 $16.00 $12,800.00
Picking bags 0 0 $0.00 $0.00
Ladders 0 0 $181.00 $0.00
picking bins 0 0 $75.00 $0.00
Post harvest handling and packing 0 0 $16.00 $0.00
Cold Storage 6 6 $110.00 $660.00
Transport 6 50 $50.00 $2,500.00
Direct marketing costs 1 4 $1,000.00 $4,000.00
Office Expenses 1 55 $500.00 $2,750.00
Property Taxes 1 55 $0.00 $0.00
Property/liability Insurance 1 55 $0.00 $0.00
$0.00 $0.00

Other Costs
Interest on operating capital (interest on general overhead) 0 0.1 $73,576.97 $7,357.70
Fixed Costs
Land 0 0 $0.00 $0.00
Pond 1 3 $10,000.00 $30,000.00
New Well Production 1 1 $20,000.00 $20,000.00
Fencing/Gates/Infrastructure 1 1 $5,000.00 $5,000.00
Post Harvest Handling/Packing Infrastructure 1 1 $7,000.00 $7,000.00
Tractor (45 horsepower min.) 1 1 $12,000.00 $12,000.00
Airblast Orchard Sprayer 1 1 $7,500.00 $7,500.00
Tillage Equipment 1 2 $4,000.00 $8,000.00
Mower 1 1 $5,000.00 $5,000.00
YR 1 Establishment
REVENUE (GROSS RECEIPTS) 114952.53
TOTAL FIXED COSTS 94500
TOTAL VARIABLE COSTS 45123.417
TOTAL COSTS PER ACRE 25386.07582
TOTAL COSTS PER HARVESTED UNIT 2.363877894
RETURN ABOVE VARIABLE COSTS 69829.113

RETURN ABOVE TOTAL COSTS -24670.887
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6) addendum: cost benefit analysis (cont.)

Yr9 Notes
Establishment People Hrs  Total Hours
Land Preperation Per Acre 27 1485
Planting Per Acre 22 121
Production Labor 48 264
Revenue
Acres Trees/Plants Total No. Market Unit  Projected Price $/Unit Amount
Per Acre Trees/Plants Yield/Qty
55
Crop
Apples 15 135 2025 bushels 0 $1.50 $1.5/pound $0.00 Avg. 40 bushels per tree
Peaches 15 141 2115 bushels 0 $2.99 $2.99/pound $0.00
Cherries, Tart 05 680 340 quarts 0 $3.99 $3.99/pound $0.00
Apricots 1 79 79 bushels 0 $2.50 $2.5/pound $0.00
Plums 0.5 141 70.5 bushels 0 $2.00 $2.0/pound $0.00
Pomegranate 0.25 135 33.75 bushels 0 $4.50 4.50/pound $0.00
Figs 0.25 141 35.25 bushels 0 $6.00 $6.000/pound $0.00

Yr 8 Production Estimates

Bushels/ Quarts ~ Anticipated Anticipated yield Tons Pounds/ Acre Fresh Market $/Unit Amount
Per Tree Yield (Ibs) (Ibs)
(bushels/
quarts/lugs)
Apples 254 514.35 24688.8 12.3444 16459.2 $17,282.16 $1.50 $25,923.24 Apples 48#/bushel
avg. yield 3+ years 8 tons/acre
Peaches 342 723.33 36166.5 18.08325 24111 $25,316.55 $2.99 $75,696.48 Peaches 504 bushel

avg. yield 3+ years
3.125 tons/ per acre

6,250 pounds per acre
Cherries, Tart 1.01 3434 17170 8.585 34340 $12,019.00 $3.99 $47,955.81 Marketable yield occurs at the 5 year mark
Apricots 224 176.96 4247.04 2.12352 4247.04 $2,972.93 $2.50 $7,432.32 24 |bs. per lug
Plums 1.89 133.245 3197.88 1.59894 6395.76 $2,238.52 $2.00 $4,477.03
Pomegranate 0.84 28.35 1360.8 0.6804 5443.2 $952.56 $4.50 $4,286.52
Figs 1.01 35.6025 854.46 0.42723 3417.84 $837.37 $6.00 $5,024.22
Totals 87685.48

Variable Costs

Items Applications  Number of Units $/Unit Amount
Apple Trees 1 0 $12.00 $0.00
Peach Trees 1 0 $12.00 $0.00
Cherry, Tart Trees 1 0 $12.00 $0.00
Apricot Trees 1 0 $12.00 $0.00
Plum Trees 1 0 $12.00 $0.00
Pomogranate 1 0 $12.00 $0.00
Fig Trees 1 0 $12.00 $0.00
Soil fertility (soil test etc.) 1 3 $35.00 $105.00
Leaf analysis 0 30 $35.00 $1,050.00
Soil ammendments (lime, sulfur, phosphorus etc.) 1 1 $1,500.00 $1,500.00
Fertilizer 1 55 $500.00 $2,750.00
Certified Organic Fungicides 4 55 $500.00 $2,750.00
Certified Organic Insecticides 4 5.5 $500.00 $2,750.00
Irrigation, Drip Polytube 1/2" pressure compensating 1 0 $0.28 $0.00
Fuel 8 44 $3.88 $170.72
Oil and Grease 1 1 $200.00 $200.00
Miscellaneous (hand tools, general supplies) 1 1 $2,500.00 $2,500.00
Pollination (e.g. bee hive rental, 2 hives per acre) 1 11 $36.00 $396.00
Tree Guards 1 5 $4.85 $24.25
Stakes 1 5 $0.85 $4.25
Additional trellis and netting 1 0 $3,500.00 $0.00
Seeds (cover crop; cowpeas and sorguhm sudan grass) 1 $90.00 $90.00

Plowing 0 0 $25.00 $0.00
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0) addendum: cost benefit analysis (cont.)

Bushels/ Quarts ~ Anticipated ~Anticipated yield Tons Pounds/ Acre Fresh Market $/Unit Amount
Per Tree Yield (Ibs) (Ibs)
(bushels/
quarts/lugs)
Harrowing 0 0 $25.00 $0.00
seeding (cover crop) 1 1 $25.00 $25.00
Mowing 3 16.5 $25.00 $412.50
Land Preperation Per Acre 27 0 $20.00 $0.00
Planting Per Acre 22 10 $16.00 $160.00
Production Labor (Thinning, purnning, harvesting) 48 800 $16.00 $12,800.00
Picking bags 0 0 $0.00 $0.00
Ladders 0 0 $181.00 $0.00
picking bins 0 0 $75.00 $0.00
Post harvest handling and packing 0 0 $16.00 $0.00
Cold Storage 6 6 $110.00 $660.00
Transport 6 50 $50.00 $2,500.00
Direct marketing costs 1 4 $1,000.00 $4,000.00
Office Expenses 1 55 $500.00 $2,750.00
Property Taxes 1 55 $0.00 $0.00
Property/liability Insurance 1 55 $0.00 $0.00
$0.00 $0.00

Other Costs
Interest on operating capital (interest on general overhead) 0 0.1 $73,576.97 $7,357.70
Fixed Costs
Land 0 0 $0.00 $0.00
Pond 1 3 $10,000.00 $30,000.00
New Well Production 1 1 $20,000.00 $20,000.00
Fencing/Gates/Infrastructure 1 1 $5,000.00 $5,000.00
Post Harvest Handling/Packing Infrastructure 1 1 $7,000.00 $7,000.00
Tractor (45 horsepower min.) 1 1 $12,000.00 $12,000.00
Airblast Orchard Sprayer 1 1 $7,500.00 $7,500.00
Tillage Equipment 1 2 $4,000.00 $8,000.00
Mower 1 1 $5,000.00 $5,000.00
YR 1 Establishment
REVENUE (GROSS RECEIPTS) 170795.6313
TOTAL FIXED COSTS 94500
TOTAL VARIABLE COSTS 44955.417
TOTAL COSTS PER ACRE 25355.53036
TOTAL COSTS PER HARVESTED UNIT 1590404899
RETURN ABOVE VARIABLE COSTS 125840.2143

RETURN ABOVE TOTAL COSTS 31340.2143
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6) addendum: cost benefit analysis (cont.)

Yr10 Notes
Establishment People Hrs  Total Hours
Land Preperation Per Acre 27 1485
Planting Per Acre 22 121
Production Labor 48 264
Revenue
Acres Trees/Plants Total No. Market Unit  Projected Price $/Unit Amount
Per Acre Trees/Plants Yield/Qty
55
Crop
Apples 15 135 2025 bushels 0 $1.50 $1.5/pound $0.00 Avg. 40 bushels per tree
Peaches 15 141 2115 bushels 0 $2.99 $2.99/pound $0.00
Cherries, Tart 05 680 340 quarts 0 $3.99 $3.99/pound $0.00
Apricots 1 79 79 bushels 0 $2.50 $2.5/pound $0.00
Plums 0.5 141 70.5 bushels 0 $2.00 $2.0/pound $0.00
Pomegranate 0.25 135 33.75 bushels 0 $4.50 4.50/pound $0.00
Figs 0.25 141 35.25 bushels 0 $6.00 $6.000/pound $0.00

Yr 8 Production Estimates

Bushels/ Quarts ~ Anticipated Anticipated yield Tons Pounds/ Acre Fresh Market $/Unit Amount
Per Tree Yield (Ibs) (Ibs)
(bushels/
quarts/lugs)
Apples 254 514.35 24688.8 12.3444 16459.2 $17,282.16 $1.50 $25,923.24 Apples 48#/bushel
avg. yield 3+ years 8 tons/acre
Peaches 342 723.33 36166.5 18.08325 24111 $25,316.55 $2.99 $75,696.48 Peaches 504 bushel

avg. yield 3+ years
3.125 tons/ per acre

6,250 pounds per acre
Cherries, Tart 1.01 3434 17170 8.585 34340 $12,019.00 $3.99 $47,955.81 Marketable yield occurs at the 5 year mark
Apricots 224 176.96 4247.04 2.12352 4247.04 $2,972.93 $2.50 $7,432.32 24 |bs. per lug
Plums 1.89 133.245 3197.88 1.59894 6395.76 $2,238.52 $2.00 $4,477.03
Pomegranate 0.84 28.35 1360.8 0.6804 5443.2 $952.56 $4.50 $4,286.52
Figs 1.01 35.6025 854.46 0.42723 3417.84 $837.37 $6.00 $5,024.22
Totals 87685.48

Variable Costs

Items Applications  Number of Units $/Unit Amount
Apple Trees 1 0 $12.00 $0.00
Peach Trees 1 0 $12.00 $0.00
Cherry, Tart Trees 1 0 $12.00 $0.00
Apricot Trees 1 0 $12.00 $0.00
Plum Trees 1 0 $12.00 $0.00
Pomegranate 1 0 $12.00 $0.00
Fig Trees 1 0 $12.00 $0.00
Soil fertility (soil test etc.) 1 3 $35.00 $105.00
Leaf analysis 0 30 $35.00 $1,050.00
Soil ammendments (lime, sulfur, phosphorus etc.) 1 1 $1,500.00 $1,500.00
Fertilizer 1 55 $500.00 $2,750.00
Certified Organic Fungicides 4 55 $500.00 $2,750.00
Certified Organic Insecticides 4 5.5 $500.00 $2,750.00
Irrigation, Drip Polytube 1/2" pressure compensating 1 0 $0.28 $0.00
Fuel 8 44 $3.88 $170.72
Oil and Grease 1 1 $200.00 $200.00
Miscellaneous (hand tools, general supplies) 1 1 $2,500.00 $2,500.00
Pollination (e.g. bee hive rental, 2 hives per acre) 1 11 $36.00 $396.00
Tree Guards 1 5 $4.85 $24.25
Stakes 1 5 $0.85 $4.25
Additional trellis and netting 1 0 $3,500.00 $0.00
Seeds (cover crop; cowpeas and sorguhm sudan grass) 1 $90.00 $90.00

Plowing 0 0 $25.00 $0.00




aligning ecological restoration & community interests through active experimentation ,\L,},\ 10SA CREEK AND THE
grant agreement # R12AP80911; final report CANADA ALAMOSA COMMUNITY

0) addendum: cost benefit analysis (cont.)

Bushels/ Quarts ~ Anticipated ~Anticipated yield Tons Pounds/ Acre Fresh Market $/Unit Amount
Per Tree Yield (Ibs) (Ibs)
(bushels/
quarts/lugs)
Harrowing 0 0 $25.00 $0.00
seeding (cover crop) 1 1 $25.00 $25.00
Mowing 3 16.5 $25.00 $412.50
Land Preperation Per Acre 27 0 $20.00 $0.00
Planting Per Acre 22 10 $16.00 $160.00
Production Labor (Thinning, purnning, harvesting) 48 800 $16.00 $12,800.00
Picking bags 0 0 $0.00 $0.00
Ladders 0 0 $181.00 $0.00
picking bins 0 0 $75.00 $0.00
Post harvest handling and packing 0 0 $16.00 $0.00
Cold Storage 6 6 $110.00 $660.00
Transport 6 50 $50.00 $2,500.00
Direct marketing costs 1 4 $1,000.00 $4,000.00
Office Expenses 1 55 $500.00 $2,750.00
Property Taxes 1 55 $0.00 $0.00
Property/liability Insurance 1 55 $0.00 $0.00
$0.00 $0.00

Other Costs
Interest on operating capital (interest on general overhead) 0 0.1 $73,576.97 $7,357.70
Fixed Costs
Land 0 0 $0.00 $0.00
Pond 1 3 $10,000.00 $30,000.00
New Well Production 1 1 $20,000.00 $20,000.00
Fencing/Gates/Infrastructure 1 1 $5,000.00 $5,000.00
Post Harvest Handling/Packing Infrastructure 1 1 $7,000.00 $7,000.00
Tractor (45 horsepower min.) 1 1 $12,000.00 $12,000.00
Airblast Orchard Sprayer 1 1 $7,500.00 $7,500.00
Tillage Equipment 1 2 $4,000.00 $8,000.00
Mower 1 1 $5,000.00 $5,000.00
YR 1 Establishment
REVENUE (GROSS RECEIPTS) 170795.6313
TOTAL FIXED COSTS 94500
TOTAL VARIABLE COSTS 44955.417
TOTAL COSTS PER ACRE 25355.53036
TOTAL COSTS PER HARVESTED UNIT 1590404899
RETURN ABOVE VARIABLE COSTS 125840.2143

RETURN ABOVE TOTAL COSTS 31340.2143
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6) addendum: cost benefit analysis (cont.)

Yr10 Notes
Establishment People Hrs  Total Hours
Land Preperation Per Acre 27 1485
Planting Per Acre 22 121
Production Labor 48 264
Revenue
Acres Trees/Plants Total No. Market Unit  Projected Price $/Unit Amount
Per Acre Trees/Plants Yield/Qty
55
Crop
Apples 15 135 2025 bushels 0 $1.50 $1.5/pound $0.00 Avg. 40 bushels per tree
Peaches 15 141 2115 bushels 0 $2.99 $2.99/pound $0.00
Cherries, Tart 05 680 340 quarts 0 $3.99 $3.99/pound $0.00
Apricots 1 79 79 bushels 0 $2.50 $2.5/pound $0.00
Plums 0.5 141 70.5 bushels 0 $2.00 $2.0/pound $0.00
Pomegranate 0.25 135 33.75 bushels 0 $4.50 4.50/pound $0.00
Figs 0.25 141 35.25 bushels 0 $6.00 $6.000/pound $0.00

Yr 8 Production Estimates

Bushels/ Quarts ~ Anticipated Anticipated yield Tons Pounds/ Acre Fresh Market $/Unit Amount
Per Tree Yield (Ibs) (Ibs)
(bushels/
quarts/lugs)
Apples 254 514.35 24688.8 12.3444 16459.2 $17,282.16 $1.50 $25,923.24 Apples 48#/bushel
avg. yield 3+ years 8 tons/acre
Peaches 342 723.33 36166.5 18.08325 24111 $25,316.55 $2.99 $75,696.48 Peaches 504 bushel

avg. yield 3+ years
3.125 tons/ per acre

6,250 pounds per acre
Cherries, Tart 1.01 3434 17170 8.585 34340 $12,019.00 $3.99 $47,955.81 Marketable yield occurs at the 5 year mark
Apricots 224 176.96 4247.04 2.12352 4247.04 $2,972.93 $2.50 $7,432.32 24 |bs. per lug
Plums 1.89 133.245 3197.88 1.59894 6395.76 $2,238.52 $2.00 $4,477.03
Pomegranate 0.84 28.35 1360.8 0.6804 5443.2 $952.56 $4.50 $4,286.52
Figs 1.01 35.6025 854.46 0.42723 3417.84 $837.37 $6.00 $5,024.22
Totals 87685.48

Variable Costs

Items Applications  Number of Units $/Unit Amount
Apple Trees 1 0 $12.00 $0.00
Peach Trees 1 0 $12.00 $0.00
Cherry, Tart Trees 1 0 $12.00 $0.00
Apricot Trees 1 0 $12.00 $0.00
Plum Trees 1 0 $12.00 $0.00
Pomegranate 1 0 $12.00 $0.00
Fig Trees 1 0 $12.00 $0.00
Soil fertility (soil test etc.) 1 3 $35.00 $105.00
Leaf analysis 0 30 $35.00 $1,050.00
Soil ammendments (lime, sulfur, phosphorus etc.) 1 1 $1,500.00 $1,500.00
Fertilizer 1 55 $500.00 $2,750.00
Certified Organic Fungicides 4 55 $500.00 $2,750.00
Certified Organic Insecticides 4 5.5 $500.00 $2,750.00
Irrigation, Drip Polytube 1/2" pressure compensating 1 0 $0.28 $0.00
Fuel 8 44 $3.88 $170.72
Oil and Grease 1 1 $200.00 $200.00
Miscellaneous (hand tools, general supplies) 1 1 $2,500.00 $2,500.00
Pollination (e.g. bee hive rental, 2 hives per acre) 1 11 $36.00 $396.00
Tree Guards 1 5 $4.85 $24.25
Stakes 1 5 $0.85 $4.25
Additional trellis and netting 1 0 $3,500.00 $0.00
Seeds (cover crop; cowpeas and sorguhm sudan grass) 1 $90.00 $90.00

Plowing 0 0 $25.00 $0.00
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0) addendum: cost benefit analysis (cont.)

Bushels/ Quarts ~ Anticipated ~Anticipated yield Tons Pounds/ Acre Fresh Market $/Unit Amount
Per Tree Yield (Ibs) (Ibs)
(bushels/
quarts/lugs)
Harrowing 0 0 $25.00 $0.00
seeding (cover crop) 1 1 $25.00 $25.00
Mowing 3 16.5 $25.00 $412.50
Land Preperation Per Acre 27 0 $20.00 $0.00
Planting Per Acre 22 10 $16.00 $160.00
Production Labor (Thinning, purnning, harvesting) 48 800 $16.00 $12,800.00
Picking bags 0 0 $0.00 $0.00
Ladders 0 0 $181.00 $0.00
picking bins 0 0 $75.00 $0.00
Post harvest handling and packing 0 0 $16.00 $0.00
Cold Storage 6 6 $110.00 $660.00
Transport 6 50 $50.00 $2,500.00
Direct marketing costs 1 4 $1,000.00 $4,000.00
Office Expenses 1 55 $500.00 $2,750.00
Property Taxes 1 55 $0.00 $0.00
Property/liability Insurance 1 55 $0.00 $0.00
$0.00 $0.00

Other Costs
Interest on operating capital (interest on general overhead) 0 0.1 $73,576.97 $7,357.70
Fixed Costs
Land 0 0 $0.00 $0.00
Pond 1 3 $10,000.00 $30,000.00
New Well Production 1 1 $20,000.00 $20,000.00
Fencing/Gates/Infrastructure 1 1 $5,000.00 $5,000.00
Post Harvest Handling/Packing Infrastructure 1 1 $7,000.00 $7,000.00
Tractor (45 horsepower min.) 1 1 $12,000.00 $12,000.00
Airblast Orchard Sprayer 1 1 $7,500.00 $7,500.00
Tillage Equipment 1 2 $4,000.00 $8,000.00
Mower 1 1 $5,000.00 $5,000.00
YR 1 Establishment
REVENUE (GROSS RECEIPTS) 170795.6313
TOTAL FIXED COSTS 94500
TOTAL VARIABLE COSTS 44955.417
TOTAL COSTS PER ACRE 25355.53036
TOTAL COSTS PER HARVESTED UNIT 1590404899
RETURN ABOVE VARIABLE COSTS 125840.2143

RETURN ABOVE TOTAL COSTS 31340.2143
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ranunculus cymbalara, marsh buttercup
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scirpus pungens, three square rush

scirpus validus, softstem bulrush
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rhus trilobata, three leaf sumac/skunkbush

amorpha fruiticosa, false /nd/ga bush
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Introduction

More than half of the world’s population rely upon global monsoonal rainfall, which comes during growing
seasons. In semi-arid and desert regions, extremes are what drive the processes of the natural world and the
humans that rely upon it. In the midst of southwestern New Mexico, in a watershed called Cafiada Alamosa,
mountainous slopes capture intense summer rainfall that cascades from hillsides down through arroyos to the
Alamosa Creek valley. In the best of times, thick grasses would soak a good share of the rainfall, while the
excess and the topsoil nutrients that it carried would be caught by thick bands of vegetation and wetlands
along these waterways. These plants depended upon the floods to carry their seeds to new bottom lands, and
all the species that thrived being temporarily saturated with slowly receding waters evolved. Over at least the
last several thousand years, humans would plant in the flatter areas that captured this fertilizing water, and
will still today nudge waters onto these areas to yield growth. These cascading floods in dry regions combined
with abundant sunshine can produce rich growth; “life really thrives on the edges,” as one local points out.
This is the story of the local sense of place as told by residents of Canada Alamosa, both from in-depth
interviews with local land managers and compiled and augmented through research by two local residents

engaged in ecological research and planning.

Sense of place

The valley of Cafiada Alamosa was formed between 35 and 24 million years ago (mya). Molten rock broke
many holes in the crust and pushed land up and formed the San Mateo and Cuchillo Mountains, pulling apart
the crust apart and dropping the valley bottom’, as was the Rio Grande valley similarly formed in the same era,
a bit earlier. The head of the canyon, the Monticello Box, rose at a major fault and tipped this deep bowl of
this 650 square mile watershed to drain down into the Rio Grande rift. Today we find the Elephant Butte
reservoir at this junction. Faults and fractures to the surface around this canyon-head remain connected deep
through the earth’s crust, and warm water makes its way to surface springs with a consistent year round flow
into Alamosa Creek. Here, the Ojo Caliente springs emit approximately 4,000 gallons a minute of clear water
into Alamosa Creek all year round?. Forty-nine farms in Cafiada Alamosa irrigate 800 acres of land from this
stream and additional wells and occasionally from its floodwaters.

If you look at our canyon from a high altitude... you'll see the footing of the volcano, and the land is just
wildly shaped, and as you get closer, this part--because there's water running down it--is green. And so

" Winston and Monticello Grabens, McLemore, 2008.
2SSWCD, 2008
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much of everything is elevated flat and dry and rilled. So we find these little canyons, and this is a pretty
exceptional canyon, the amount of water, the length of time that's been running. So there's a humidity
over this canyon that's not a seasonal thing or a new thing; it's a long time thing. And, you know, one of
the reasons they have problems with lions at the head in this canyon is, if you're a male you should spread
out, so all these guys get to the top of the canyon say, "I'm not leaving." There's nothing out there--so they
stay here. And life is like that here, so | think it's very rich and we're at the kind of human tail end of this
amazing thing that nature does up there. And other people thought the same thing and lived here, and
grew small amounts like we did. (Steve Darland, 2013)

People are shaped by the land they settle upon. Their connections to it build the mosaic of experiences
that evolve into pride and respect. What created this land, how it has been affected by historic climate
changes, and what people have done to increase the land’s provisions are the prologue to the future story of
this canyon. The dynamics between people and the land upon which they rely create their sense of a place.
Local land managers have intimate and richly nuanced knowledge of the myriad of interactions that reveal the
processes that drive the natural environment and that the land managers employ to benefit from the land. The
most potent information is what the land managers find important and is revealed by interviews with a small
amount of open-ended questions geared towards exploring these dynamics. Leading questions would instead
confine the subject matter to the interviewer’s preconceptions of the issue, and are best devised after the
initial in-depth collaborative discussions. The questions for this initial set of interviews were as follows:

1. As a farmer or rancher, what does the land provide for you and your family? Is this why your
family came here?

2. What environmental changes have you seen occur here. How have they affected your livelihood?

What challenges in the future do you see for being able to continue working the land?

4. Can you think of any traditional practices that you would like to see tested?

w

The words of the land managers reveal often both the issues and the degree of importance they hold to them.
Their connection to the land is the lens that must be looked through to see all else, as locals identify it as the

reason for their passion for the place.

Connection to the Land
The place is full of energy and life and | suspect any place you're alive you can come awake, but it helps
to be here. S&JD
The fabric of the rural lifestyle is a daily interaction with the land, growing to know it and the community that
one works alongside, and hard work intensifies that connection. As Wendell Berry observes, the community
holds this knowledge in memory; the harvest “is a sort of ritual of remembrance. Old stories are re-told; the

dead and the absent are remembered.”® The layering of these memories and stories of cooperative connection

3 Berry, 1988
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to the land build cultural bonds. Cultures born of this connection to the land are prized as capturing the
essence of humanity. This area is the homeland for a band of Chiricahua Apaches now in Oklahoma, the
Chihenne Nde Apache, and a local landowner and tribe member, Bob Haozous, explains:

| think that the Apache people - one of the things that | teach my children and grandchildren... is that the
one thing that we had was ... a way of looking at the world that was very, very adaptable and problem-
solving. The problem solving is the essence of our humanity. ... the cultural profit is incredible, just
incredible. The things that | have learned about what the Apache people, what made them so different
from the American or western people or European or Euro-American or whoever it was, the Spaniards,
even other tribes, was we had a way of looking at the earth, like you mentioned, that made us a part, a
part of everything.

It is the daily rituals of problem-solving and effort that residents cite as their draw to this place, and what
they value above all else.

CJ: Alot of it is a lifestyle. In fact, you have to love it. It's a lot of work. | mean, even on our small scale,
it's an everyday thing. ... you can't say, Ah, | am going take today off. Or... we're going to go on a
vacation for a week.

LM: No. ... it's a lifestyle. You ... make your decision and ... you put your best foot forward. ... You sign
up for the lifestyle. ...

CM: [This place is] awesome. Anything from ... making your own sausage, to butchering your own beef ...
[it] just tastes so good. ... You don't even want to eat the store stuff any longer. ... her name was How-
now, black cow and | thank her every time--

LM: Yeah, respect for... where the food comes from and respect ... the spirit of the animal ...for me
anyway... it's more than just shooting the thing in the head. ...it's a cultural thing. It's a lifestyle thing.
... It's a mental thing. ...l like the idea of going backwards instead of forward. ...we have the technology
here...but, ... | like the idea of learning how things were done at one time....And in discovery of that, for
me, is that we eat better. We seem to live--in my opinion, a little bit richer life than what we had down in
Las Cruces, ...[where we had] a nice place. ...[we worked in a] nice facility associated with mostly nice
people, but here, the richness that this kind of lifestyle brings, | think, far surpasses that....the sense of
community. We are far closer here to the people around here than we ever were in a large city. .... But
here, we do more on a regular basis with really decent people and, on a personal level, | enjoy it. ... [But]
it depends. ... people gravitate towards what they're looking for, some magical ... you get to know your
neighbor, got to know Larry, and Claudia, and Steve and Jane ... [and] know more about them ...if you
ever need any help, there's always people, ... I'm willing to pitch in. Without even being asked
sometimes. You ...don't get that in the middle of the city all the time. So ... it just brings a lot of
benefits, ... a quieter time period and lifestyle. ... I've lived in big cities before, but, ... here ... you can
be out in the middle of the road, and you think you're the last person on earth and never hear an unnatural
sound.

This is small community, typical of many rural areas, with approximately 100 residents, with about half living
in the two small towns of Monticello and Placitas, and half along the remainder of the valley bottom. The rural
lifestyle holds a strong pull for many in America to this day, for both that have strong roots, and those drawn
to returning to a stronger connection to the cycles of the land and those that care for it. This community

embodies this dynamic.
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You know for us, the land is everything. ...The quality of life is different, for sure. And in my opinion, the
quality of life you have in the country just is far superior than what you can get in the city. ... for me, ...
I'm having a bad day. I'm in a bad mood. All | have to do is go out in the garden and do some weeding for
an hour, put my hands in the earth, feel something alive, and I'm feeling great. ...it's a release, it's
spiritually enlightening and just brings you to a different level and you can’t get that in the city. You're
detached from life in a way. You're not as much a part of it. You're a part of the world that was humanly
created but not the part of the world that was created for us to live in.

The time boundaries of culture

An individual’s perspective is framed by one’s experiences and connection to the memories of others.
Among some Indigenous communities, a seven generations model elucidates the boundaries of that
perspective. The intergenerational family, back to the memories of your grandparents through to planning for
the needs of your grandchildren, define the generational span that one would know personally. Thus this
bounds the ideal period in which to seek knowledge about one’s place and plan for its future. Jojola explains,
“[t]he knowledge of the past informs the present and, together, it builds a vision toward the future.”*

...As generations of people have successively lived over time in the same place, they have evolved unique
world-views. The world-view is an embodiment of a balanced relationship between humankind and the
natural world. Over time, each succeeding generation assumes the values and practices that are
necessary to sustain them. Values such as the right-of-inheritance and collective responsibility serve to
lay the foundation for the transfer of meanings and cultural practices. It is everybody’s responsibility to
make sure that those generations that preceded or follow him or her continue to maintain a world-view.
This process is at the heart of sustainability.

A social commitment among this span of generations allows for a community to invest “in determining what it
values and what its worth to its community—and there is no one single solution for all.” As Berry also finds,
one's life in a world of cooperative connection to the land is one of membership, outside of this connection
such as in cities one can find only organization.®

You know for us, the land is everything. ...The quality of life is different, for sure. And in my opinion, the
quality of life you have in the country just is far superior than what you can get in the city. ... forme, ...
I'm having a bad day. I'm in a bad mood. All | have to do is go out in the garden and do some weeding for
an hour, put my hands in the earth, feel something alive, and I'm feeling great. ...it's a release, it's
spiritually enlightening and just brings you to a different level and you can't get that in the city. You're
detached from life in a way. You're not as much a part of it. You're a part of the world that was humanly
created but not the part of the world that was created for us to live in.

Both the connection to the land, and its extent of loss figure prominently in local’s judgments of the condition
of this land and its community. And the memories that are carried and the perspective on future generations

also reveal perceptions of the local condition.

*Jojola, 2013
5Berry, 2004
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The seven generations of connection to the land

The oasis: though diminished is still at the heart of the sense of place

This connection to the land is the lens that this eclectic community looks through together. Today most of
the people in Cafiada Alamosa consider this place special, citing qualities of an oasis — unusually high
productivity in a harsh environment. Coming to the canyon, you travel along old grassland flats now succeeded
by the Chihuahuan desert. Mostly creosote and mesquite bushes among bare grown appear to go on unbroken
to the Mountains of the continental divide in the distance. But the valley opens up by surprise, and you drop
down into a green slice, “...when you drive down that hill...you're immediately in love with this canyon”
(Claudia Jeffery, 2013).

that's an incredible thing for being in the middle of the dessert to have this terrific water. So that's the
magic of this place. | also often think about all of the people who have been here and have worked this
land, from the ancient Indians through the modern Apache and--then the Hispanic fathers and... it's quite
something to think that this place has been a bread basket...it's had water moving for a long time... in
the middle of the dessert, to have water... (Jane Darland, 2013)

And in today's desert, the acequia is part of the system that feeds this oasis.

the watering [of] the fields helps the water table, primarily the ground water table, but in turn that puts us
wet cap over the land. And ...these big dry areas... weren't doing the land any good. This place is an
artificial kind of an oasis by the fact that we've brought this water down to it. Because normally the water
wouldn’t make it [all the way down the canyon], only in flood situations down here.

And the flow of water drives all else.

Water is everything.... if we didn't have this acequia coming down here... this valley would look like any
other any other arroyo around (Lon Monroe, 2013).

Yet the desert also brings the sun, especially strong in the high desert,

...the magic of this canyon and this soil and this high altitude [is that] growing really concentrates flavors,
and most especially in the herbs and fruits.

one of the advantages we have here, in this canyon in particular—it's because of our elevation, because
of our latitude, being at the plateau of the beginning of the Chihuahua and just the way this is all laid out
here. We have this very wide window of opportunity as to what we can grow here. (Jane Darland, 2013)

The memory of the grandparents: abundance and the beginning of the decline

Evidence of the perennial waters of Cafiada Alamosa providing refuge to peoples on the edge of other
major centers of civilization goes back to the 600s®. Pulses of Northern and Southern Pueblo Indians settled in

the canyon over the next several hundred years. In the 1400s or 1500s, what is thought to be a relatively small

¢ Human Systems Research (HSR), 2010
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group of Southern Athapaskan (Apacheans) migrated south from their subarctic home in northwest North
America down through the western plains, east of the Rocky Mountains, arriving and dispersed throughout the
central Southwest.” Oral interviews with Chiricahua Apaches from several bands record their claim that this
area, the vicinity of “Hot Springs,”® New Mexico, is the origin for the entire Chiricahua Apache group of
bands.® The Apache ancestors settled in mountains surrounding the Pueblo valleys (HSR, 2010). From here they
differentiated into distinct bands and spread south and west through southwestern New Mexico, southeastern
Arizona, and northern Sonora and Chihuahua in Mexico™." The last band to name this area as their home is
commonly referred to as the Warm Springs Apache, and now name themselves part of the larger group of
bands of Chihenne Nde Warm Springs Band of the Chiricahua Apache'*®. The Ojo Caliente warm spring is
their “emotional, mythical, and territorial homeland.”™

This eastern Chiricahua band were among the last to succumb to relocation to distant reservations and
their story of resistance figures prominently in Southwest history™. This canyon was the seat of their
extensive homeland covering much of southern New Mexico, from the Rio Grande to the present Arizona line,
and from the Mexican border northward to beyond the Datil Range in NM'. Their greatest leader was Mangas
Colorado until Victorio succeeded him, and with his sister Lozen, led the last free bands of their people. Lozen
is a significant historical figure, as she was the primary tactician for their battles, was a fierce warrior, and
served as medicine “man” for her people, all unusual roles for a woman. She derived spiritual inspiration and
strategic battle information from messages from Ussen, the highest deity, through the land. One of the largest
symbols of Apache resistance, Geronimo, from a different Chiricahua band, rode with them in his last free
days until their capture in Tres Castillos, Mexico, where Victorio was killed. The remains of Fort Harmony, or

Camp Ojo Caliente as it is currently called, is located a few hundred yards from the Ojo Caliente spring and

7Kent, 1984, UIUC, 2008

8 Hot Springs could either refer to the town of that existed concurrent with his interviews in the 30s, now called Truth or
Consequences, or the Ojo Caliente Warm Spring itself, as some maps from the mid-1800s identify it as Hot Springs.

% According to Opler (1941) the Chiricahuas consisted of three bands: Chihéne or Chithénee’ ‘Red Paint People’ as noted in text.
Ch'dk'ané or Ch'uuk’anén (also known as the Central Chiricahua, Ch'6k'ané, Cochise Apache, Chiricahua proper, Chiricaguis,
Tcokanene), or the Sunrise People; Ndé'indaaf or Nédnaa'i ‘Enemy People’ (also known as the Southern Chiricahua, Chiricahua
proper, Pinery Apache, Ne'na‘i), or “those ahead at the end”.

0 Qpler, 1942

" Wilson and others dispute that this area may be the origin as the Apaches were rarely mentioned in historical accounts until 1747,
after which the Spanish warred against them for the next 40 years (Wilson, 1985). However, he does not offer another origin.

12 The Warm Springs Apache (proper) are a band of the larger group of Chihenne (meaning Red Paint People) Apache. This larger band
is also known as the Warm Springs, Ojo Caliente, Tcihende Apache, or Eastern Chiricahua (Opler uses this last reference). This group
also includes the Mimbres, Coppermine, Mogollones, and Gila Apache (Opler, 1942, Chihenne, 2010).

3 Chihenne, 2010

% Aleshire, 2001

15 Ball and Kaywaykla, 1972

6 Thrapp, 1974
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Monticello Box and was the site of significant Indian battles, an arrest of Geronimo, and a station for Buffalo
Soldiers heralded for their valiance'. Haozous owns twenty acres near the Ojo Caliente spring:

My grandfather [Sam Haozous] spoke often of the homeland. He was born near the Warm Springs, | think
about 40, 50 miles south of the Warm Springs, and he had his warrior training there as a young man. With
Mangus Colorado’s son Carl Mangus. He never finished it because it takes several years or so to go
through that training, and it is not really the training to fight and kill, it's truly a training of manhood
parallel to the girls’ ceremony, where the boy who would be assigned to a relative or respected person to
bring him into manhood. He only did it -- he did it for the time he was in his teenage years, but they finally
gave in and he had to be removed from the area before he finished, and sent to Florida. So, my
understanding of the canyon whatever is really late in life, | didnt really know it existed until | started
researching it and realized the importance of the land to our people. Right now, we are located in
Oklahoma and it is really to me it is a kind of related to the Stockholm syndrome, where you fall in love
with your captors and you fall in love with their land, their religion, their language, their education, their
laws, and all that stuff. So our tribe has really been forced into a position where not only are we required
to follow the rules of the land of America, but also with time we fell in love with it. So | was here in Santa
Fe and a lawyer for the tribe called me and said that there was a man who wants to sell some land to the
tribe, but we have no money. This was before they had any kind of income. So ... | bought the land, and
... owned 20 acres, so | started researching it and finding out the importance of land historically. But also
| have begun to realize the importance of the land culturally, and that’s my driving force now. | realized
that the indigenous people of this country, very seldom destroy the land just for its resources-- or
availahility. They really try to preserve it so that they can always have it available, and that has been my
driving forces is to not only retain the land for the tribe, but to educate the tribe that we have a
responsibility to have a place on this earth and that we take care of it and not capitalize on. So once |
talked to the tribe, there were people immediately saying, can we put a casino there. | said, absolutely
not. It's not only not feasible, but that is not my intention.... When | first heard that the O'Toole land was
for sale... |talked to my father, who was alive at the time, ... and we kind of decided that we will buy
the O'Toole property. And right at the last minute my father changed his mind, he said, one person can't
save our tribe. Our tribe has to save itself. So he changed his mind about buying it.... When my father
refused and the O'Tooles took it, | just saw an opportunity [to get a large parcel of land in the area] lost
for the tribe,... my goal is to learn to inspire the Apache people to re-identify as being of the place, of the
land and become Apache again. And also hopefully with that would come a tremendous education and
cultural practices that the Apache people have that made them so wonderful in first place. ... What | am
proposing to the tribe... that we can get this land back, not because we need the land in terms of
economic purposes, but for philosophical purposes, and for those purposes, the land is essential if we
really want to claim to be Apache.... The tribe is in Oklahoma right now.... It is just kind of a speculation
that we could make this land an essential part of their future. And that is simply because of not only the
history and marrying into the American society, but the economic hardship that we would have to face if
we tried to move back here and create a living in this area. Right now we are in Oklahoma and a lot of the
people are still farmers, but most people even have abandoned the farms because that was not profitable.

Now let me -- that's an interesting question right there, because | am Apache, my brothers are Apache, all
my tribe is Apache, my family is all Apache, but that’s kind of a generic definition now, when you step
back and look at it and see how ...how western we are, how little we believe or understand our history.
But if we get into the philosophy of being Apache, there are still strong ties to the land, and to the ways.
Right now, if you ask somebody, what makes you Apache, they will say, | have warrior’s blood flowing

" Thrapp, 1974
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through my vein, which is a genetic, even racist, distinction right now. That's what we have been taught,
we were warriors, which we weren't, your blood line people, pure blood -- people talk about, he is a pure
blood, he is a full blood, but we were never full bloods. We were always intermarrying and always
bringing people into our way of life, which was better and more rational than just believing and trusting in
spiritual or economic answers.

We always had a way of looking at things that were more important and that's what | am trying to inspire
by getting the land back. If | had my way, | would get the tribe going there and buy all the land in the area
and then put it as a reserve, a natural reserve.

Though described in most literature mainly as nomadic people, Opler's Chihenne Chiricahua'® give several
testimonies citing that their people farmed originally mainly corn, and then later more crops from Old Mexico,
and had large irrigation ditches in the Hot Springs area before the White People came. Wilson wrote a history
of Sierra county in 1988 and concludes that the Apaches likely brought their knowledge of farming with them
into the Southwest and that the practice was disturbed by the extensive Spanish campaigns against them of
the 1770°s and 1780's, when they began to rely more on raiding, trading and rations from the Spanish (Wilson,
1985).

Hispanic settlement had arrived in New Mexico originally occupying the northern outposts of Nueva
Espafia at the turn of the 16th century™ 2. As late as 1857, the Rio Grande valley from Dofia Ana up to the
little village of San Antonio, just south of Socorro, was not settled by Hispanics?'. But by that time, an
alternative road to the Jornada Del Muerto was well established, roughly where |-25 is in present day, and all
American government trains and troop movements were required to follow it?. This opened up these areas for
settlement, and the Hispanics expanded downstream from the southern frontier of Socorro in 1859. The years
from 1850-1870 were on the whole wetter years than average for New Mexicans, though with great
fluctuations, as was the norm?, presumably a good time for expansion. The first settlement in the area of
current Sierra County in 1859 was San Ygnacio de Alamoza, most commonly called Alamosa®, located on the

western side of the Rio Grande, just below the mouth of Alamosa Creek. An 1860 Census listed 73 houses and

18 Opler uses the reference of Eastern Chiricahua.

9 The first permanent European settlement in the future state of New Mexico was the San Juan de los Caballeros colony founded by
Juan de Ofiate in 1598. It was located in northern New Mexico on the Rio Grande near present day Ohkay Owingeh Pueblo. Santa Fe
was settled in 1608.

20 Rivera, 1998

21 Wilson, 1988

Z\Nilson, 1985

% Antevs, 1952

% Though this town was occasionally called Cafiada Alamosa, it is useful to use the more common distinguishing names. The town on
the west of the Rio Grande as “Alamosa,” as the future settlement in the present day Monticello was ariginally named and
historically is most commonly referred to as “Cafiada Alamosa”.
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321 persons, all born in New Mexico. Wilson’s construction of the story suggests that it was a colony of
farmers and their peones under a single leader - Estanislado Montoya from San Antonio.

The Apaches had mainly a trade relationship with the new settlers and soldiers from Camp Ojo Caliente
formed in 1859, though the residents saw skirmishes from a small war between bands of Navajos trying to
make off with stolen sheep from settlements and Army Patrols. Haozous tells us

according to our historian we didn't have a war society. We didnt have a violence built into us. We were
a peaceful people, that did what people at the time did, we were very aggressive when they had to be and
passive when they needed to be. Apparently, we traded quite openly with the Spanish and sometimes
with their own people and materials out of warfare, but nonetheless, we had an open relationship and
language relationships that we had developed.

The Apaches, though, began to be blamed for activities of other Indians not as peaceable with the settlers,
and conflicts ensued around 1861. A partial peace occurred from 1869 - 1871, during which they had a
temporary reservation at the Ojo Caliente on upper Alamosa Creek, and returned for another short-lived
reservation in 1874-1878. The last hostilities did not die down until 1885.

The first few years of settlement were dominated by flooding, which drove some citizens to look for new
locations for their fields. By 1863, while still living in Alamosa, farmers began to cultivate fields twenty miles
upstream northwest along Alamosa Creek near what would by 1864 become the town of Cafiada Alamosa
(present day Monticello). Devastating floods continued to occur and by 1867, the town of Alamosa was
abandoned. A few residents went to a new settlement they called Alamocita on the east side of the Rio
Grande, but those who had fields near Cafiada Alamosa moved there and founded the town. The 1870 census
recorded 119 acres to be under cultivation”. Coyler in 1871 had found that “every acre of [Cafiada Alamosa] is
occupied by Mexicans, who have a town of over 300 inhabitants.”? After 1880, reduced flow in the Rio Grande
would have put pressure on Alamacita and reinforced the community 20 miles to the Northwest. By 1896 the
Census showed an increase to 600 acres being farmed, about the same amount farmed there now.”

Many of the current residents are descendants of a soldier’s family, John Sullivan, who changed the name
of Cafiada Alamosa to Monticello. Darryl Sullivan relates,

They were in the Army and got transferred down here from New York and we got a letter from the family
that says that this is a beautiful country and, you know, you ought to come out. ... The Indians are in
uprising but they will be settled here in another year or two. ...they started out with little homestead
deal. ... And ...you know, ...a rancher or farmer is really the true steward of the land, ... whether it's the
deer, the elk or whatever, we're the ones who provide the water. ... We've had that property for six
generations.... | think bottom line is called home. ... it's amazing how we meet people ...people in Silver

% Wilson, 1985
% Coyler, 1872
27 Wilson, 1985
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City that used to live here and ... come over. They don't have anything here anymore but they say this is
home to them...

Many families who have moved to cities still consider this their homeland and return for major
ceremonies, such as weddings and funerals. The hispano settlement formed around a classic Iberian plaza,
and it remains one of the finest settlement examples in New Mexico. This compact land plan is now found to
be a sustainable rural plan, as it maintains density and minimizes infrastructure requirements. This early
history laid the foundation for a productive land and community.

It is remarkable that the earliest Hispanic farmers irrigated their fields through their ditches with water
sourced not only from the perennial stream, but from the floods themselves. It points the way to one
significant tool to lessen the energy of the catastrophic floods, usually seen as a relic of history. It is a
commonly-held view that only Native Americans utilized flood waters for farming.

Wilson cites several sources that systematically inventoried the irrigation ditches along the Rio Grande
and its tributaries allowing for a “nearly complete inventory of historical irrigation systems in Sierra County.”
He attributes Herbert W. Yeo, during Yeo's service as the state engineer for New Mexico, as distinguishing
“for the first time between ditches that diverted flood waters and that those that used perennial stream flows
or springs... On lower Alamosa Creek, in 1940 Yeo listing six flood irrigation systems along the middle and
lower reaches of Alamosa Creek, 282 acres of the 666 acres found to be irrigated, 42%." Yeo describes the
methodology as usually a sand fill dam in the main creek to divert the waters into the individual farmer’s ditch
irrigation system. Flood water farming was a thriving business for farmers in the main stream valleys in New
Mexico such as the Rio Puerco until 1880%.

Juan Bandera, who came from Texas and settled near San Ignacio in 1882, told me that low brush dams
were thrown across the channel during later phases of a flood, and the water was diverted into ditches or
simply warped over the land. At times of great floods the whole valley floor was inundated and so
saturated that no further irrigation was necessary that year. Near Cabezon the channel of the river was so
shallow that, according to the recollection of Meliton Chaves, one man could divert the water by felling a
cottonwood across the channel and using the branches to make a dam.

At some point, protection from the floods both for the ditch and to cultivate agricultural lands on the rich
floodplains inspired people to build berms. Occasionally berms also protected roads. Over time progressively
more land became disconnected from the floods, decreasing the area that the floods’ waters could occupy, and
thus increasing its energy. The higher the energy, the greater tendency for the floods to scour deeper
channels, dropping the water level, further disconnecting flood plains. The effects begin at the mouth of the

system, so the main stem drops first deeper than the arroyos that run into it, accelerating the arroyo

% Bryan, 1929
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tributaries to also begin to drop. A severe drought from 1871-1904 (Antevs, 1952) increased scouring, further
decreasing vegetation, further decreasing water infiltration.

Lands dependent on flood waters were largely devoted to feed crops due to its unpredictability, but the
systems were not necessarily small or unproductive, Yeo describing one as “an elaborate distribution system
in excellent condition and evidence of good crops produced on the land.” It is also speculated that flood
farming may have been used for far more ambitious farming than pasture land, certainly in conjunction with
the availability of a constant water supply; “... the twentieth-century view that subsistence farming doomed
families to a minimal economic level does not reflect farmers’ expectations accurately when settlements were
formed initially many years earlier"?, as evidenced by bountiful crop sales records. Enough crop yields kept a
wheat mill going full time just north of Monticello.

| understand there was a flour mill,...lots of corn, ... fruit trees ... and later it was the cow...everybody
had their gardens (Nancy Chavez, 2013).

My grandfather and my Uncle Victor owned the 74 Ranch that Coil owns. And none it was subdivided ...
like 80,000 acres ... You know we used to raise 1500 head of cattle and then we had another thousand
calves every year. Then you have to round up and sell. (Gary Sullivan, 2013).

Memories reveal a long history of the land being special, and the forces that begin to unravel a
community. As with much of rural America, the economic Depression and WWII saw the local economy shrink.
Nancy Chavez is descendant from both from the Sullivan and Chavez families.

... my family was here. So many family members, ... born and raised here. They're buried at the
cemetery. My roots are here. My father ... Andy Sullivan ... was born here... and his father was born
here... James Sullivan and ... his father was John Sullivan who came from New York... an immigrant
from Ireland. .... So the roots go back....but so many happy memories of coming to visit ... My dad was
born here in Monticello. But during the depression, they moved ...The family... were having trouble
making a living here and so there was a lot going on in Hillsborough, ...there was mining.... My
grandfather was struggling to raise a family here. It was a big family. So they moved to Hillshorough and
he opened a grocery store there. And then they weren't doing the mining much anymore and it was getting
close to depression time. And so, he moved the family to Santa Fe and he got a job at the state capital as
a janitor, but ... he had all these children that were growing, you know, seven daughters, and... three
sons, and they got jobs. ...They were graduating from high school and so they ended up living there and
retiring, you know.... And then in later years, my dad--they moved back. They moved back to T or C [larger
town 20 miles away]. ... He was planning to retire here and then died at a fairly young age. He had a
heart attack. He loved Monticello. ... And so ...a few years after, ...my mom was living here, my step
mom, and she's got ... my three younger brothers, and it was too hard. She didnt know about when the
water for irrigation, ... that the water would come at three o’clock in morning. She couldn't do that. She
was overwhelmed. This wasn't her thing. ... It was strange ... moving to Santa Fe because they were
used to being in a country ...my grandfather's house was—a block away from the state capital. He took
the country to Santa Fe. We had chickens... he said he was going to plant grass, but it was barley and the
front yard had—he was growing oats...and they made soap outside in a big cast iron. ... they didn't

2 Wilson, 1988
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really want to move to Santa Fe. They wanted to be here, but—they had to make a living. ...So we ended
up ... going to Santa Fe too, and going to school there in our first years. And it was... neat. To be in a city
...—but we weren't used to it, but we went to good schools, and than every chance we could get, ... we
all wanted to come back to Monticello. ...We were outdoor children, you know, with no TV's in those
time. Or they couldn't afford one. So we were always playing outside and working in grandma's gardens
and it was a simple life, beautiful. Just beautiful. | can't say enough good things about Monticello and
the—soil, and being able to be here. And for me, | work really hard here, but by the time | go back home,
all the years that | was working, | mean, I'll be coming and I'd be stressed about everything, come and
work the weekend, and I'd be going back and I'd have the radio on, and I'm singing ...—Monticello does
that for me. Even to this day. My family says, "What do you do over there?" ... But after you take them up
the canyon and you tell them stories ...it changes...

The force of these memories still provides a strong identity for those with a history here, with a mix of positive
memories and challenges.

There's a lot of tradition involved because my grandfather and his family, prior to him [John Sullivan was
great, great, great grandfather], were ranchers here. Our little ranch is very small scale, so it's more of
tradition ...we're lucky if we break even, especially now that we're in such drought. A lot of times, we
don't break even because we're having to supplement with alfalfa, but we do okay if we were to get, you
know, decent rain. It's a very spiritual place. | love irrigating, you know, just watching the water and riding
in the land. (Colleen Jackson, 2013)

... it was a lot more abandoned. ... | mean kids played in [the abandoned houses]... It was already in a
state back then of not what it was [in the] late ‘60s. ... the bar was a thriving place when | was living
here. The Alamosa Bar. ...That used to be the dance hall on Friday nights. It has a little shack that inside
that was the dancehall. Well, that was well-used. There was not a restaurant, but there was always--
people brought food. It was like a potluck then. | mean in the days back then, you could sell alcohol out of
anywhere. You know they would have a bar there and poker tables and dancehalls and that was--this was
a booming community when | was a little kid. ...the bar was a very happening place, because that was
where everybody met up and everybody fought, and everybody played poker, and | remember seeing plenty
of fights there. The good old days. It's when you bring guns out. (Gary Sullivan, 2013).

Membership in this strong community came with rules, but however harsh, people take pride in these rules
and the identity it formed.

back in them days, it was a handshake or... somebody gets shot and they lose their land. You know my
dad’s told me some stories of his uncles getting shot at a poker game for cheating. ... Rough, ... a little
different back in the early days. ... With people getting murdered right here in the town for stealing a
horse, or branding cows that aren’t yours .... | don't remember those days, but | remember them talking
about it. ... When a handshake and a man’s word is worth lot more--meant a lot--everything. A man’s
word is his business. And so ...that broke down and it's kind of—pitiful.... That's how | think | was
raised. It's — my word is who | am. (Gary Sullivan, 2013).

Changes remembered today: the natural and human systems fall out of synch and both suffer

These memories also reveal that the ecology has deteriorated.

The tribe was offered a chance to come back [around 1912]. And they actually came and they looked, and
they threw out the term, “how can you farm rocks.” But then, we became farmers, and we didn't want to -
- we couldnt come back, because the overgrazing had already destroyed the integrity of the land. They
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were no turkeys or very few deer or elk. Back in the turn off the century, 100 years ago, there were very
few deer or elk or, and no bear, and no wolfs in New Mexico. It just took a very short period of time for
the western man to just wipe almost all the natural part of nature. ...And that was something that was
considered nonsense and ridiculous to destroy your future by killing off all the meat, but parallel to the
buffalo, that was just -- that’s what they did. (Bob Haozous, 2013).

When | was raised here, it was--the canyon was just so much more—beautiful. There were more trees--
There was more water, compared to now, it's horrible. Yes, in my opinion--yes, it's horrible, horrible. |
mean it's dry, there are no trees, | kind of try to remember growing up here, it was so beautiful, there
were So many apple trees, pecan trees--Peach trees.... We just ride to the neighbor’s house, and we walk
in their yard on horseback and pick an apple out of their tree, you know. .... | mean, we used to wait every
year for that tree and we would protect it. We had it corralled off so the cows couldn’t get to it... there
was so much abundance of fruit, we used to ...have apple wars and fight with each other... grew
everything during the summer to get you through the winter. | remember if | wanted a glass of milk or
cereal, | had to go out and help milk the cow. (Gary Sullivan, 2013).

The challenge of a loss of connection also figures prominently. Both Jojola and Berry note that breakdowns
between generations indicate cultural deterioration. As commonly found in nature, this process is a self-
reinforcing pattern:

If there is no household or community economy, then family members and neighbors are no longer useful
to one another. When people are no longer useful to one another, then the centripetal force of family and
community fails, and people fall into dependence on exterior economies and organizations.

As Jojola observes, “[blecause the community is ill prepared to develop and support them, they force young
people to choose between facing a dismal life at home or leaving for better educational or economic
opportunities.”

Back then it was a livelihood. ... (Darryl Sullivan, 2013)

JC: ... the stories of what has changed really hinges around cultural practice of growing more food here
in the canyon. There was more of a need to survive, a subsistence need that created a more abundant
canyon. ...They grew a lot more food in this canyon. This was a bread basket and an incubator, one of
them, in New Mexico.... like most rural areas nowadays, a lot of it shifted around World War Il. And the
young folk who left, a lot of them, never came back. At that time, it was easier to have one guy running a
bunch of cows or a couple of guys than it was to manage all these little things going on. So, that was a
big pivoting point for most rural America but particularly out here as well. So you couple that with the
drying cycle and the availability of cheap, | call, so-called food from stores, better transportation and,
etcetera, people no longer depend on land. The land, therefore, becomes less used and stewarded—it
would be a better word in my opinion — which makes it less useable over time due to erosion, compaction,
you name it, mismanagement....

LN: Well, people aren’t connected to it anymore, so they don’t value it the same way either.

JC: There's only a handful of people out here who really depend on the land and water to produce.
(Joshua Cravens and Lalynn Nock, 2013).

Today we find both the long decline of the rural lifestyle since WWII, as well as a resurgence in its appeal.
Those that come from a long line of family working the land see the deterioration in the decline, and are most

aware of the effect of outside organizations on their culture. We are losing those that remained after WWII,

alamosa land institute 14|Page



mterviews

"

GS: ... [in] the late '70s, this place kind of went downhill, people wise. A lot of people, old, died.” Even
outside assistance such as from the government constitutes an unraveling of the fabric of their culture, as the
reward of communally working the land is the shared knowledge and world view. Berry again, “We don’t trust
our ‘public servants’ because we know that they don’t respect us. They don't respect us, as we understand,
because they don't know us; they don’t know our stories.”* Throughout rural America, options for family
members and neighbors to join together to sustain themselves dwindle. City dwellers scratch their heads at
rural folks' obsession with survivalist preparation, criticism of government subsidies while being the largest
receivers, and even harsher criticism of the takers of the subsidies. When the hardships take their toll, and
human apathy further encumbers inspiration to hard work, it makes it harder for those that keep trying to make
it work. The acequia relies upon cooperation to function, and spring cleaning plays a central part role both for
the ecology and the community. And where it was eliminated in this community, many cite this change as
central to negative changes seen here.

The community fabric is the big challenge, ...every acequia I've talked to or heard from someone were all
in a kind of a similar situation where there’s a lot of apathy which very negatively affects participation
and therefore the outcome, and discontent. (Joshua Cravens, 2013).

| know we have a lot of noxious trees in there that weren't there 50 years ago. The wisdom of the
community decided to go to a contractor to come in and completely take care of the whole ditch, thirty
years ago... the older people who didn't want to do it anymore, ... we're going to pay one person to do it.
Of course, that falls on the majordomo and it's all going to be done with the machine and ... it doesn't
work because ...they didn't want to do the spring cleaning. So now, instead of having an army out there
taking care of all of the, you know, the little trees ... it's not happening. So it falls on one person and one
person can't do it. So that's a practice that ...we need to go back to it. ... | still think [things like
removing obstructions] could fall on the majordomo, ... | think he could keep that responsibility of keeping
the water flowing. | think the spring cleaning [could be] where everybody labors to how much water they
own. ...participation, that would be huge, if everybody [participated]. And it's a state--you know, it's a
state statute. It's a state law. ...I mean | can't even do it. | know | can't live on what they're paying me.
So | supplement it and that's the way it's been for the last 30 years for everybody else.... [There] was a
volunteer spring cleaning and then 10 people showed up. (Larry Jeffery, 2013).

To a hard working farmer trying to hold onto the threads of the rural life, the takers have turned their back on
community membership and on the land. As the land and local economic conditions get worse, the government
involvement increases to try different strategies to overcome the obstacles, and the locals come to see more
government than community. Though government constitutes an important role in our current civilization as we
cannot accomplish many tasks such as the paving of our highways without such organization, there are still

large gaps in knowledge of how best for government and scientists to collaborate with local communities in

% Berry, 2004
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resource planning.®’ The predominant approach still assumes “that the momentum for change must come from
outside the situation rather than from the self-reflection and creativity of those within a situation to
restructure their own patterns of interaction.” ¥ Many see the primary challenges now and looking forward as
the “government.... So much regulation that, that it didn't make sense to bust your butt for nothing. It's really
what it amounts to.”® Not being able to determine one's future leads to calls for freedom, and a focus on
private property. This area is seen as an oasis for many reasons, and a large one is that it is a sea of private
land running down the valley flanked by protected public lands, the Cibola National forest on the northeast,
and the Gila outside the watershed to the west. 76% of the watershed below the Monticello box is privately
held, unusual for Sierra County, which only has 19% private land ownership*. And typical of New Mexico,
BLM and State Land checker through the watershed, but those lands and the Forest lands are also primarily
leased and managed by the private citizens. The irrigation association is an acequia and one of the older in
New Mexico, pre-statehood. These organizations are a parallel form of governance to the form of water law
that originated in the West to organize mining, though integrated. A significant difference is that acequias are
self-governing, locally controlled, and run on a basis of cooperation, where western water law is based upon
prior appropriation (“first in time, first in right”) and governance from the state. Ironically, prior appropriation
gives acequias significant power, since they are older than most other water rights holders. The acequia forms
a primary basis for social relations today.

The oasis characteristics of this place also holds the power to reinvigorate the community.

One of the beautiful things about the acequia is in lean years, people actually get along more than in fat
years. And that's because you're forced to share the little resource that you have. Again, it's that survival
thing in us that wakens up and it cuts through the BS. And the guy at the bottom of the acequia is always
the bitter one. The guy at the top is always smiling and accused of everything under the sun whether he's
doing it or not. It's a very telling story. So the challenge, first and foremost, is to, not only maintain the
flow of the water, but to maintain the flow of the community and keep that fabric tight and together. It
doesn’t mean you have to like each other, but there has to be trust, understanding, and management.
(Joshua Cravens, 2013).

Many call for a renewed commitment to steward the land.

LN: Well, and there are the differences of opinion in the community, too.... There's the people who want
to pipe and cement the ditch the whole way down which | thing would be really detrimental, but they
want more water and they feel that doing that will give them more water. And that's a big challenge, too,
just people beliefs of how to make it better are always different.

JC: We have a tendency, as a species, to think that we can handle the job of nature, that, we can do this.
| mean just throw in the pipe there and all will be great. But what we don’t see is the immediate effect

$TFAOQ, 2006
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that works against you when you do that. Again, you do that, your trees start to disappear, and everything
heats up a little bit, everything gets a little drier which means you need more water. And around—you
know it just snowballs. So really we need a new concept of management stewardship, is probably a better
word, to actually become stewards of the watershed as well, and to realize that we don’t own the water.
Even in legal language, the way it's been explained to me is we have the right to use the water. And most
people think of ownership as “This is mine, not yours.” And when you take it to a level of understanding
that this is something you are here to steward, you look at it very differently. And | think that's going to be
a key challenge to overcome in the years to come, because we need more of the stewardship of someone
who is utilizing and caring for the land that the water is irrigating, but not owning the physical amount of
water....So as the canyon dries, moisture will always be sucked out of a moist area into a drier area just
as hot and cold work together the same way. It's sort of a convection. Whether it's stored up in the trunk,
the leaves, the branches, or the organic matter that it dropped over the years, that's the bank. And as
soon as you deplete all those resources, everything else gets drier that much quicker. And the water will
eventually disappear. The more you build those things up, the more you'll be able to store. Now, again,
there's that balance between management and storing. And if you can’t walk the ditch to clean it out and
all that stuff, then, obviously, you're doing yourself a disservice. So that's where the management comes
in.... We look at forests as something that's completely unmanaged, right? But the fact is that we've
always been managing forests. That's just part of our job here and we've just lost that fact. (Joshua
Cravens and Lalynn Nock, 2013).

Challenges are not just of recent origin however, the generation of the parent saw challenges. So some of the
changes seen today are moving in a positive direction from that background.

Well, both positive and negative [changes have occurred]. | mean, we've had a lot of positive influence,
people that have moved in, that are, you know, trying to bring it back because it--when | was a child, it
was deteriorated. (Colleen Jackson, 2013).

LJ: The older people, one of the comments to me by one of the Sullivans, from Frank Sullivan was, "l did it
all, Larry. I've done it all. The easiest--the best thing to do for the pasture, is put into permanent pasture
and run cows on it." And then, | don't necessarily agree with that. It's just that was the older easy solution
to--but at that point, you know, they owned most of the water.

CJ: Well, and these guys were 80 when we got here... They were able to keep their--they still have their
land, they still have their water, ... farming should be for younger people, not this 50 plus crowd—we got
started... (Claudia and Larry Jeffery, 2013)

... when we got here, it was all pasture. No real crops, nothing. So that, I've seen that change. (Larry
Jeffery, 2013)

The ecological challenges appear to be accelerating however.

We have seen the hottest weather and the coldest weather and the driest seasons. We've also been here
in really wet years in the beginning almost 12 years ago. And as we come in the year to this year, it's
gotten hotter, drier and odd. Oddities, you know, dry winds coming at the wrong time of the year, usually,
you know, the month of April is the really dry wind and we've had years where we've had dry wind all the
way almost until July....We used to be able to count on monsoons. By July 4", almost every after
afternoon, we would get a cooling cloud cover at rain, and we haven't had that for many years. We've had
rain in August and September, but we haven't had that monsoon that we used to be able to count on for
July, August, and September, three months, and that would occur and give us our 11 to 13 inches of rain,
and it would cool things down because what we now have difficulty with is this really hot--we end up
having two gardening seasons. There's the beginning spring when it's cool, and then, summer is really not
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a season anymore because it is just too hot for anything to grow so everything stands still [even tough
plants like herbs], and then along about August when it starts to cool down, we get some of the rains,
then vegetables and fruits begin to ripen and grow. So that's a new phenomenon that is just occurring in
the last, | don't know what, four or five years. (Jane Darland, 2013)

Most see drought as a part of the cycles of this area, but also that this current drought is particularly bad.

... the drought. ...l know they'd gone through it before. | remember my grandfather has told me stories
where it was so bad that they would have to go out when he was a very young man and burn cactus. For
the cattle to eat, they would bring in wagon loads of potatoes. ....and then there was, you know, a lot of
good years. When | was a kid, | don't really remember any bad years. I've never seen it this bad, never in
my lifetime. ...We have about 600 acres of range land.... we used to have 64 heads of cattle. We're
down to 27 because of the drought and we're still struggling. ... Because, you know, the land is already
overgrazed, [we're] just trying to hang on and supplement and hope that we will get rain this year.... But
even the drought effects our irrigated land. I'll show you how green it used to be, and just because of the
drought, | mean, it even affects our ... fields. (Colleen Jackson, 2013).

There is a powerful awareness of the brutal neutrality of nature shared by all. And the notion that one cannot
control nature is strong.

As far as the weather, you know, it's totally unpredictable. It could help us or it could hurt us. (Larry
Jeffery, 2013)

Conflicts in outlook come up between those that say this is the way it has always been, and you cannot do

anything about it....

...l would think that it is all to Mother Nature... we don’t have ... control over Mother Nature. (Gary
Sullivan, 2013)

A lot of people come and go. They love the peace and serenity. And they love the way it is and then they
come and want to change it. And most of the time, those people go to town every day, you know, instead
of living in town, they're coming out once in a while. They go to town every day. And it doesn't take very
long and pretty soon they're gone, you know. (Darryl Sullivan, 2013).

...and those that believe the community can enact changes that can restore the ecological condition of the
canyon.
Good luck with the way it used to be. Because it ain’t like that anymore. | hear so much of that at the

water meetings. With the acequia. Like it used to be. (Craig C. Bunke, 2013).

The future: grandchildren who seek membership in a culture connected to the land

Most people here do not have a next generation to take over. This weighs heavily on thoughts of the future.

... my dad or my grandfather could buy a ranch and pay for it in two years. | can buy a ranch and not pay
for it in a thousand years and that's the difference. It just won't cash flow today. (Darryl Sullivan, 2013).

[many people] don't want to live here. It's too hard for them to commute back and forth [to day jobs in
Truth or Consequences, 25 miles away].... most people just cannot afford to live here 'cause... you got
the gas considerations, you've got time considerations..., you've got children. And so [they want]... to
sell part of [their] property. ... | don't know what's gonna happen to my stuff, ...| was hoping maybe my
niece, but, | don't know. ... it's like "what's gonna happen”? (Colleen Jackson, 2013).
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Even without a large group of children, this community does look to the next generations here, but mostly as

how can this place become attractive to young outsiders moving back to the land. The obstacles are

challenging.

The

the aspect of the age — we need younger people ...with the where-with-all and perhaps they need to be
given property. Like these properties that we are talking about that are lying fallow but have the potential
to be irrigated. ... And you know what, and this is little chunks of water out there, 3, 4, 5, 6 hours all over
the place. And those pieces of land that aren’t being irrigated are this what | said about, those are the
ones that cause me all the problems. Because that’s where the tons of weeds grows. ... | know a lot of
people that lease it and | think it's something like $10 or $30 an hour per year so it's not a lot of money.
So yes, ideally that land put back into productivity would be the ideal solution. And perhaps that's what
the coop intend to and say, “Why don’t you coop that land and we'll pay you, give you a percentage of
what we raise on it” or something along those lines. (Craig C. Bunke, 2013).

the cost of land—you can't ignore it, it's huge. And it isn't sustainable at this point to be able to look at
buying land in most of America, in general, and being able to make that money back as a small farmer. It
doesn’t mean it can't be done.... there is co-ownership of land that works. ... the fact that everything,
especially land, has inflated tremendously. While food has been tamed in that way and subsidized to the
large growers anyway, so that there’s this unequal [relationship]. (Joshua Cravens, 2013).

most people can't really make a living here. Unless you are [on] the scale ... like Randy Coil, [you] can't
really make a living as a rancher... | know we have not even broke even, with the drought. You know, if
we have some rainstorm, you know, we make a little profit. So that's a huge challenge.... (Colleen
Jackson, 2013).

LM: You know, to make this thing a viable economic community, | think it'd be a struggle. | really do.
...It's aging out a little bit.... the people. ...In a lot of respects...this kind of lifestyle is a young person's
lifestyle. ... CJ: Our age is going to be a challenge. (Lon Monroe and Colleen Jackson, 2013).

resurgence of young people interested in the land is real, but the obstacles are significant.

JC: when we started up our own farm, if you will, we offered the same to people who are interested. So
we've had hundreds of interns come through. Some who stayed for years, some who stayed for days.
We've even had a couple who stayed for hours, and most of them were in that early 20's age bracket. ...
that early 20s idealistic time of life, and most of them had no idea that this romantic life that they painted
of organic farming would be so much work and quite frankly somewhat thank-less work. And you know,
they moved on. So there is this big resurgence and that's a great thing, but maybe a third of them actually
follow through and hang on to it maybe. But it's not an easy existence.

JC: ... in most cases, you're not going to have the new computer. You're not going to have the iPhone.
You're not going to have a big screen TV. ... can you even pay for the land is the first question you have to
ask. It's a very—it's a hard nut to crack. It's hard to find people who are that gung-ho—that will go
through hell and high water to make it work.

LN: .... there are more young people getting into the agricultural side of life, there's so many older
farmers that had their farms taken away from them, they can’t make it anymore, they're going under, over
and over, and getting bought out by other farmers. And the farmers, | would say, overall, are still notin a
good situation for surviving in this country. You know, they're not appreciated. They're not paid nearly
equal to what other people make salary wise. And so it doesn't make it attractive for most people.
(Joshua Cravens and Lalynn Nock, 2013).
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But what people have done themselves and seen their neighbors do serves as inspiration. Visualizing how the
canyon can come back emanates from people’s own experiences.

CJ: The huge difference [is] by actually growing here--when we first got here, ...it hadn't been farmed
for... It was awful. And that's why it looks like that down there [in the lower watershed], nobody's done
anything with it, it has just gone back to. But when we started putting the water up here, and put pasture
in... (Claudia Jeffery, 2013).

Today, passion for a revival of the productivity of the past has caught hold.

LM: Well, the little valley is, transforming itself. | mean, you know, you went from just cows to, ... not
much else to now, ... all sustainable farms. ... Josh and Lalynne, Eric, and Mike, ... Steve and Jane, ...
bringing stuff back. (Lon Monroe, 2013).

A grandparents and other cultural family members” memories of a historic homeland ring strong enough to
inspire leadership for the future.

... One of the things is that | would love to see the whole tribe leave, with intent, leave Oklahoma. | think
it's a prison camp, it's nothing more than a glorified Auschwitz to me. What is done to us, what is the
culture destination, it is horrendous. Okay, if we can leave there with our tools of farming and reestablish
the farming community in the canyon or even down south, | am all for it. | suspect that very, very few
Oklahoma people live off farming anymore. Most of them live up of leased land, that other farmers;
usually white farmers do. So farming is a kind of moot issue to me, but ... we can come to Warm Springs
and create a whole new way of looking at the world, whether it's through farming or through artwork or
through wind farms. I'd like to see wind farms and the solar arrays all through that canyon so that we
could start feeding the world without destroying the environment. But our tribe was always adaptable;
whenever we came to a place like the ruins, we would up pick up arrowheads and use them use because
they were there and it was available. But the farming aspect, there is no question to me, the Pueblo
Indians that lived there before, that is how they survived. You get any group of people beyond one little
family that is living off hunting and gathering, they have to have a way of sustaining and that had to be
farming. So if there are canals like in Hohokum in Arizona or anywhere, they were there. After that recent
flood that you guys have, | saw how devastating it can be and | realized that a canal or anything could
easily be washed away. But you know unfortunately, everybody refers to the Apaches from the Pope
history of the warrior people and they never go deeper into them as the people that actually thrived and
sustained in an area that was very difficult and when they found a difficult area, they would survive, but
they found the areas that are more pleasant, like the Warm Spring. Of course, they would find a way of
staying in there so they wouldn’t have to travel 500 miles south to change, but what gets me is how did
they do that without destroying the flora and fauna of the area, | don’t know. Those are the things that |
have been asking the tribes and start researching people of this world that are nondestructive to the
environment, but they don’t know how to do and they do not understand that maybe there is something
beyond being Apache genetically that we should be able to get into. And that's, the canyon probably was
a source for food, there is no question. | read that the Apaches would plant something and then they leave
and come back and harvest it when they came back; always lived south in the winter and north in the
summer. That may be true, but that's only for a specific period of warfare which was made popular.... So
to me, it's an opportunity of a philosophical development and not really a physical uprooting of my
lifestyle. | do think that if | do a good job and two or three generations, [the Chihenne Nde] may be able to
not only see a valid way of uprooting and moving there, but also creating a culture, reinventing an Apache
culture. That's what cultures do everyday, they reinvent themselves. I'd like to see them reinvent their
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Apache way that are based on philosophical concepts and spiritual concepts but that's up to them; | am
just trying to lay the ground work. (Bob Haozous, 2013).

Most agree that looking forward requires a means of bringing back some of the richness of the vegetation of
the past. In 1992, Carlton found that the “canyon bottom of Canada Alamosa Creek displays beautiful
remnants of a hardwood riparian gallery forest that once spread unbroken through the canyon.”

| want my great grandkids to be able to enjoy the cottonwoods. And if we don't save them, if we don't
plant young trees now we're not going to have them in, you know, 100 years or less than that, | think
because you see how many are dying now. ...

| brought it up at a ditch meeting about three or four years ago that | think we need to replant, maybe go
up to the O'Tooles — keep it in the canyon, | don’t want to import something from outside. ... | managed to
save one when we leased the Cordova. There's a beautiful tree there. | put a barrel over it, white barrel.
That | had open on both ends so the cows are not going to eat it. And it was only about this big. Now it's
20 feet. And that's all it took. Because if we didnt have cattle here, we would probably -- nature would
provide, but cows will eat the young trees. ...l think they prevent more than they soak in. Let me give you
an example. We grew up in San Miguel. | don't know -- it's the same canyon as Palomas. .... My
grandfather homesteaded there, my dad owned like 102 hours of water rights. We had a big pond. We
never irrigated at night because we had so much water rights. And | was about 14 or 15 when my dad sold
the ranch and the farm. And soil conservation was already there, surveying and doing studies and all of
that. Palomas and San Miguel were all natural Alamos, cottonwoods. You guys don't remember Palomas
the way it was. What soil conservation did in San Miguel is they put concrete ditches all the way, almost
from the spring. And Bobby and | used to -- when we were little -- my dad would send us to clean the
ditch with a pitch fork. Hell, there were fruit trees everywhere. We knew where the peaches are, we knew
where cottonwoods. We went back there, | must have gone back when | was in my 20's, and the entire
valley had dried up. Every cottonwood died. Every fruit tree that | remember, including the nuts -- because
we used to live on those nuts. ... There was a guy from soil conservation who came here several years
ago, and he said, “Would you guys want money for a concrete ditch?” | about lost it | said, “See that that
fence post over there? That one over there. That's my property. If you ever put concrete here, | will fight
you. | will fight you.” | said, “Do you want to see what damage you guys did? Go to San Miguel.” | told
him this whole story. He never brought it up again.

...they have a hell of a time to maintaining it. Because you have all these arroyos. And when they run
over the concrete, they're full of debris. How are you going to clean it? You can't take a backhoe in there.
You're going to tear up the concrete. So they got to go by hand. ...Well, that's what happens there over
there ..., Victor bought all those water rights [and] people that lived there sold all their water rights. ...
All those were irrigated fields when | was growing up here. And now it's just a dust bowl. (Pete Padilla,
2013).

And vegetation depends on the water processes.

... As for getting the canyon back, | mean it would take planting now--and just water. The water is the
substance of life. | mean--without water, and then when we get water, we get abundance, and we can't
use it... (Gary Sullivan, 2013).

The floods are a part of the processes of the canyon.

... historically, ... they used to like the big floods to clean, ... | don’t know if you've been at the canyon
where it's so thick, you can’t even see the other side, ...they would lose cattle in that vegetation,
because they would be driving the cattle, and all of a sudden, you go pass 10 head of cattle and ... you
might catch me next time but not this time. (Gary Sullivan, 2013).
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Today, a few ranchers continue to utilize irrigation from the flood waters for their pasture land by the same
method, aided further by the use of a backhoe creating the dam (Jeffries, Majordomo, Monticello Ditch
Association, and Gary Sullivan, pers. com.) As Sullivan points out, flood waters are the best waters, due to
having rich nutrients. And here we see strategies for the future laid out, appealing for a renewed connection
to the land and its processes.

getting back to vegetation along the acequia. We really need to look at the library of what's already here
and working. To me, we mimic nature whether we realize it or not. And we can get as far as we can from
it at times thinking we're going to get smarter just to come back and realize that we need to re-simplify
and look at what we were doing before. It's just part of the cycle just like people leaving the land and
then all of a sudden here’s a generation who are more interested in coming back, same thing. And | have
suggested this to the community, we'll see what happens. But if we went along the acequia and found
areas that work, that aren’t so prone to erosion, that aren't so difficult to manage, we can get in there and
do the work we need to do while keeping it covered in shade, etcetera, and then mimic them in the zones
throughout. ... And if we can take these pockets that work and then replicate them, we are basically
spreading the good news. Over time, you know, it takes 10, 20 years to get there, but over time and
sometimes even longer, but over time, you see major benefits when approaching something in that way.
But at this point, we're just putting out fires, just to go to another one, and though there is nothing wrong
per se about that and there’s not much you can do at times, because that’s going to happen no matter how
stable your system is, the fact is that in the long term, you come up with that deficit again where more is
leaving than is being replenished.

... alot of it depends on what's happened the last decade of flooding—because you get that major flood
event and it could wipe it all out. And that's the rub and it's one of the reasons for the apathy that you can
watch all your work go to crap, just like that, in an hour. And though that’s challenging and in some
canyons can be the norm year to year, there are plenty where it's not. And the further along in the process
you are of stabilizing, the less likely that is to happen, because, typically, if you chose your species
correctly, a lot of them will just lay down, let the flood pass and come right back up through the debris.

... We need to look at harvesting the water that just floats right on by. ...And where it flows off, you get
erosion. So either we could watch it all the road and watch the sediment go down the Elephant Butte and
fill it in and watch our topsoil go with it and all that, or we can catch it. Let it go under the ground,
percolate down and basically raise our aquifer for over time. And there’s plenty of science out there that's
proved it worked. There's plenty of things that have happened to prove it. What there isn't is the drive to
actually do something about it, the money, the equipment or whatever it is, the knowhow. Because, once
again, once you screw with that natural system, ...things can go south really quick if you don’t stabilize
and have a good plan for that huge flood that could come or the fact that you just made another area that
is dried out with nothing growing. So we need to catch more water, and we need to draw out more carbon
as far as carbon matter being old plant matter whatever it is. The combination of these two, again, is like
putting savings in the bank. (Joshua Cravens, 2013).

The canyon name, Alamosa, means cottonwood. This area was where the water flowed, flooded, and
regenerated the cottonwoods.

...You know, the canyon is Alamosa, put some Alamosa up the Alamosa. And if people would volunteer
their land to this and they were placed in their normal place where it's going to flood or be moist, these
guys would thrive. (Steve Darland, 2013).

Conclusion
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Humans have long attempted to exert control over rivers to protect themselves from increased flood energy,
the consequences of further upland degradation. Levees have protected economic livelihoods by shielding
agricultural fields, but at an ecological cost. As the water runs quickly off the land and out of watershed to
evaporate in dams, ground water levels drop, and vegetation decreases alongside these waterways, allowing
the water to run-off at an increasing rate. The people of this canyon, however, have productively used the
floods to flow over fields. A return to a more widespread use of this practice shows promise to begin the
restore the ecology of the canyon. Restoration of riparian buffers, including agricultural fields, increases
infiltration, shallow aquifer and ground-water levels, and slows the delivery of water to surface reservoirs
further inhibiting evaporation that now can make water available for vegetation. The levees cannot simply be
removed, however, cooperative experimentation is required to find the right approaches.

Scholars have held that the tragedy of the commons is an inevitable and predictable slide into
overexploitation and degradation of a shared natural resource. Individuals are locked into a system that
encourages unlimited personal benefit in a world of limited shared resources. Elinor Ostrom, who was
awarded the Nobel prize in 2009 for her work on the subject, saw evidence that contradicts the inevitability of
this tragedy. Her case studies showed that when people came together through shared goals and open
communication that other more positive outcomes occurred. The Cafiada Alamosa watershed has lost its
resiliency, the ability to recover from environmental shock or disturbance. More than a century of overgrazing
and fire suppression in this drought plagued region have created a state of environmental degradation that
now threatens the economic livelihood of the small town of Monticello and its outlying community of farms
and ranches. Hope for a reversal lies within the cooperative dynamics and traditions of the acequia
association which governs the distribution of irrigation water. With cooperation, more management becomes
possible; what one cannot do is simple work for many. Both the land and the people benefit from a closer look
at the land; coming together for the acequia clean or helping a neighbor during a harvest adds to the collective
memory and builds the local culture, the “membership” to which Berry refers. However, as the people became
less connected to the land, their cooperation has decreased. Acequias throughout the state cite low
participation as a key challenge. Today in Cafiada Alamosa, local leaders are engaged in debates about how to
increase local cooperation, which portends well for the future. Discussions of local organic beef production
and other products, and cooperatively-owned management systems have enlivened creativity and the will to
experiment. [t may not be the grandchildren of the local landowners that settle here in the future, but likely

this place will attract those that want to be a member of a culture with a strong connection to the land.
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