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Abstract

Over the last century, the Middle Rio Grande was subjected to significant
anthropogenic pressures producing a highly degraded ecosystem that today
is poised on the brink of collapse. In 2002, the U.S. Army Corps of
Engineers (USACE) (Albuquerque District) was authorized to study the
river and prepare an Environmental Assessment (EA), as required under
the tenets of the National Environmental Policy Act (NEPA), to evaluate the
effects of proposed ecosystem restoration alternatives on the watershed’s
significant resources. As part of the process, a multi-agency, multi-
disciplinary evaluation team was established to formulate alternatives that
would address three critical problems: 1) hydrological alterations, 2) bosque
(riparian) ecosystem degradation, and 3) the loss of key ecological services
to the surrounding community. Between 2005 and 2008, this team
designed, calibrated, and applied a community-based index model for the
bosque riparian ecosystem using field and spatial data gathered from

27 reference sample sites scattered across the watershed. This unique
community was modeled using 23 individual variables combined into
numerous predictive community functional components (i.e., Biotic
Integrity, Hydrology, and Spatial context) capable of capturing the changes
to ecosystem integrity in response to changes in land and water manage-
ment activities proposed by the study. The intent of this document is to
provide the scientific basis upon which the model was developed, and
describe the 3-year-long process the team undertook to complete this effort.
Although some results are presented here to demonstrate and verify the
veracity of the model’s calibration and subsequent outputs, readers
interested in the application of this model on the Middle Rio Grande project
must refer to a second report entitled, “Middle Rio Grande Bosque Eco-
system Restoration Feasibility Study Habitat Assessment Using Habitat
Evaluation Procedures (HEP): Analyses, Results and Documentation,”
which is currently in preparation.

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes.
Citation of trade names does not constitute an official endorsement or approval of the use of such commercial products.
All product names and trademarks cited are the property of their respective owners. The findings of this report are not to
be construed as an official Department of the Army position unless so designated by other authorized documents.

DESTROY THIS REPORT WHEN NO LONGER NEEDED. DO NOT RETURN IT TO THE ORIGINATOR.
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Preface

This report documents a newly developed community-based index model
[based on the Habitat Evaluation Procedures (HEP)] for the Middle Rio
Grande River as it runs through the heart of Albuquerque, New Mexico.

The work described herein was conducted at the request of the U.S. Army
Engineer District, Albuquerque, New Mexico. This report was prepared by
Kelly A. Burks-Copes and Antisa C. Webb, U.S. Army Engineer Research
and Development Center (ERDC), Environmental Laboratory (EL),
Vicksburg, Mississippi. At the time of this report, Burks-Copes and Webb
were ecologists in the Ecological Resources Branch (EE-E).

Many people contributed to the overall success of the production of the
model documentation. The authors wish to thank the following people for
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the project was assessed: Jennifer Emerson (Bowhead Information
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Jones (Galveston District). They also thank Dr. Andrew Casper (ERDC),
Kristine Nemec (formerly of the Kansas City District), and Todd Kaplan
(Parametrix) for their comprehensive review of the report.

This report was prepared under the general supervision of Antisa C. Webb,
Chief, EE-E and Dr. Edmond J. Russo, Chief, Ecosystem Evaluation and
Engineering Division. At the time of publication of this report, Dr. Beth
Fleming was Director of EL, COL Kevin J. Wilson was Commander of
ERDC, and Dr. Jeffery P. Holland was Director of ERDC.
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Unit Conversion Factors
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acres 4,046.873 square meters
cubic feet 0.02831685 cubic meters
feet 0.3048 meters
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1 Introduction

The desiccated landscape of the Southwest brings to mind tumbleweeds
blowing along dusty grounds, ancient petroglyphs carved in dark caves
and canyon walls, cattle skulls blanching under the merciless sun, and
sidewinders slithering between the cacti. But running through these harsh
and arid regions are ribbons of lush green, narrow corridors where rivers
and streams, some ephemeral, some continually flowing, have slaked the
parched desert to give rise to rare yet significant riparian ecosystems rich
with life (Figure 1).

Figure 1. The arid Southwest often appears to be a desolate landscape, yet the presence of
water offers an opportunity for fish and wildlife to find a niche.

While only occupying a mere fraction of the land area, these riparian
corridors support both the largest concentrations of animal and plant life,
and the majority of species diversity in the desert Southwest (Johnson and
Jones 1977, Johnson et al. 1985, Knopf et al.1988, Ohmart et al. 1988,
Dahl 1990, Johnson 1991, Minckley and Brown 1994, Noss et al. 1995,
American Bird Conservancy 2008) (Figure 2).
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Figure 2. Riparian corridors immediately adjacent to rivers in the arid Southwest offer lush
habitat for fish and wildlife species.

Perhaps one of the more notable riparian ecosystems is found along the Rio
Grande River. Arising in the San Juan Mountains of southwest Colorado,
the river flows southwest through the middle of New Mexico and into Texas
along the Texas-Mexico border emptying finally into the Gulf of Mexico.
The Rio Grande offers one of the more ecologically complex, highly resilient,
and culturally significant resources in the semi-arid western United States
(Figure 3).

Historically, the Rio Grande was considered a braided, aggrading stream
that meandered freely across a wide floodplain much larger than the
current floodway ecosystem. As it meandered through time and space, the
Rio Grande created and renewed the unique cottonwood riparian gallery
forest communities. “Bosque” was the Spanish word that was used
traditionally in the Southwest to describe these unique wooded riparian
ecosystems (Figure 4).

Over the last century, the Middle Rio Grande was subjected to significant
anthropogenic pressures producing a highly degraded ecosystem that today
is poised on the brink of collapse. Water management and flow regulation
along the Middle Rio Grande during this century have decoupled the
linkage between the floodplain and the river and resulted in extensive
changes in the riparian forest ecosystem (Ellis et al. 1996). The elimination
of flooding has disrupted the functional integrity of these disconnected
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Location of the Rio Grande River
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Figure 3. Location of the Rio Grande in the arid Southwest. Images capture the changing
characteristics of the river as it flows from Colorado (top), through New Mexico (middle), and
down into Texas (bottom) on its way to the Gulf of Mexico.
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Figure 4. Cottonwood riparian gallery forests ablaze with fall colors along the Rio Grande.
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forests and contributed to the decline of the Rio Grande Valley cottonwood.
Estimates of riparian habitat loss in the Southwest range from 40% to 90%
(Dahl 1990), and desert riparian habitats are considered to be one of this
region’s most endangered ecosystems (Minckley and Brown 1994, Noss et
al. 1995). Decline of natural riparian structure and function of the bosque
ecosystem was recognized in the 1980s as a major ecological change in the
Middle Rio Grande valley (Hink and Ohmart 1984; Howe and Knopf 1991).

Study background

In 2002, the U.S. Army Corps of Engineers (USACE) Albuquerque District was
authorized to conduct a reconnaissance study focused on a 17-mile-long stretch
of the Rio Grande flowing through the city of Albuquerque, New Mexico
(USACE 2002, 2003a, 2007b; Burks-Copes and Webb 2009) (Figure 5).

=

Figure 5. The Rio Grande flows through the heart of Albuquerque (seen in the background
at the base of the mountains) on its way south to the Gulf of Mexico.

The reconnaissance study determined that there was a federal interest in
participating in cost-shared feasibility studies to investigate ecosystem
restoration, educational/ interpretive opportunities, and low-impact
recreational opportunities for the Rio Grande floodway as it passes through
Albuquerque, New Mexico. In 2004, a Feasibility Cost Sharing Agreement



ERDC/EL TR-12-26

was signed between the Middle Rio Grande Conservancy District (MRGCD),
as the non-Federal Sponsor, and the USACE subsequently initiated the
feasibility phase of the study. The purpose of this feasibility phase study was
to determine if there was a Federal (USACE) interest in addressing the
water resource problems and opportunities in the Middle Rio Grande area
of Bernalillo County, New Mexico. !

In 2004, the USACE Albuquerque District contacted the U.S. Army
Engineer Research and Development Center’s Environmental Laboratory
(ERDC-EL) to assist in these endeavors. The Middle Rio Grande study
documentation identified and recommended effective, affordable, and
environmentally sensitive ecosystem restoration features throughout the
middle reach of the Rio Grande system (USACE 2002, 2003a, 2007b;
Burks-Copes and Webb 2009). The goal was to provide the necessary
engineering, economic, and environmental plans in a timely manner to
establish viable projects that would be acceptable to the public, local
sponsors, and USACE. The intent of this collaborative effort was to provide
a framework for making decisions that would result in the restoration of the
bosque ecosystem’s structure and function.

The District has prepared an Environmental Assessment (EA), as required
under the tenets of the National Environmental Policy Act (NEPA), to
evaluate the benefits of the proposed ecosystem restoration measures in
the study area (USACE 2011). As part of the process, a multi-agency
evaluation team was established to (1) identify environmental issues and
concerns; (2) evaluate the significance of fish and wildlife resources and
select resources; (3) recommend and review environmental alternatives
and studies; and (4) evaluate potential benefits of the proposed plans.

Purpose of the model

Planning, management, and policy decisions require information on the
status, condition, and trends of these complex ecosystems and their
components at various scales (e.g. local, regional, watershed, and system
levels) to make reasonable and informed decisions about the planning
management and conservation of sensitive or valued resources. One well-
accepted solution has been to develop index models that assess ecosystems
at varying scales. By definition, index models are comprehensive, multi-

1 A complete list of acronyms and a glossary have been provided in Appendix A and Appendix B of this
report.



ERDC/EL TR-12-26

scale, grounded in natural history, relevant and helpful, able to integrate
terrestrial and aquatic environments, flexible and measurable (Andreasen et
al. 2003). Determining the value of diverse biological resources in this study
required a method that captured the complex biotic patterns of the land-
scape, rather than merely focusing on a single species habitat or suitability
requirements within the study area. In effect, the Ecosystem Assessment
Team (E-Team) made the decision to assess ecosystem benefits using
community-based (functional) models rather than employing a series of
species- or guild-based models.

Ecosystem functions are defined here as a series of processes that take
place within an ecosystem. These include the storage of water, transforma-
tion of nutrients, growth of living matter, and diversity of plants, and they
have value for the community itself, for surrounding ecosystems, and for
people. Functions can be grouped broadly as habitat, hydrologic, water
guality, and spatial integrity although these distinctions are somewhat
arbitrary and simplistic. For example, the value of a wetland for recreation
(hunting, fishing, bird watching) is a product of all the processes that work
together to create and maintain the ecosystem. Not all communities
perform all functions nor do they perform all functions equally well. The
location and size of a community may determine what functions it will
perform. For example, the geographic location may determine its habitat
functions, and the location of a community within a watershed may
determine its hydrologic or water-quality functional capacity. Many factors
determine how well a community will perform these functions: climatic
conditions, quantity and quality of water entering the system, and
disturbances or alteration within the community or the surrounding
landscape. Disturbances may be the result of natural conditions, such as
an extended drought, or human activities, such as land clearing, dredging,
or the introduction of invasive species.

The purpose of this modeling effort was to broadly capture existing,
(baseline) conditions of the communities, and compare changes that would
occur to the resources present given different project scenarios or alterna-
tives under the standard USACE planning paradigm (USACE 2000). The
model was used to facilitate plan formulation based upon project benefits.
The purpose of the model was not to exhaustively capture the full range of
all chemical, physical, and biological characteristics of the project area, but
to provide tools for making comparisons between potential plans in order to
select plans with the highest benefits. Planning decisions for the feasibility
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study were subsequently made based on the results of the model applied
with the well received and respected Habitat Evaluation Procedures (HEP)
(U.S. Fish and Wildlife Service (USFWS) 1980a, 1980b, 1980c) framework.

Contribution to the planning effort

The model helped to characterize the baseline conditions (in a quantitative
manner) of the numerous ecological resources throughout the watershed.
The HEP method assisted the study team in the projection of change to
fundamental ecosystem processes! (without which, ecosystem restoration
itself could not happen), as the multiple alternative scenarios were
proposed. The study team designed the HEP assessments to evaluate the
future changes both in quantity (acres) and quality (community habitat
suitability) of aquatic, wetland, and terrestrial ecosystems simultaneously.
Outputs were calculated in terms of annualized changes anticipated over
the life of the project (aka, period of analysis).

As noted earlier, the E-team was convened early in the evaluation process.2
Scientists from ERDC-EL facilitated the efforts. Representatives from the
Albuquerque District, USFWS, U.S. Forest Service (USFS), Bureau of
Reclamation (BOR), Interstate Stream Commission (ISC), New Mexico
Department of Game and Fish (NMDGF), New Mexico State Forestry
Division (NMSFD), Natural Heritage New Mexico (NHNM), Rocky
Mountain Research Station (RMRS), Middle Rio Grande Conservancy
District (MRGCD), City of Albugquergue Open Space Program, University of
New Mexico (UNM), and Parametrix consultants actively participated in the
assessment process. The remainder of this document focuses on the
development of the community-based Habitat Suitability Index (HSI)
model developed by the E-Team for the Middle Rio Grande Bosque
Ecosystem Restoration (MRGBER) feasibility study.

Planning model certification

As an aside, the USACE Planning Models Improvement Program (PMIP)
was established to review, improve, and validate analytical tools and
models for USACE Civil Works business programs. In May of 2005, the
PMIP developed Engineering Circular (EC) 1105-2-407, Planning Models
Improvement Program: Model Certification (USACE 2005). This EC

1 There are four fundamental ecosystem processes - water cycling, mineral cycling, solar energy flow,
and community dynamics (aka, succession).

2 A list of E-Team participants can be found in Appendix D.
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requires the use of certified models for all planning activities. It tasks the
Planning Centers of Expertise to evaluate the technical soundness of all
planning models based on theory and computational correctness. EC 1105-
2-407 defines planning models as,

... any models and analytical tools that planners use to define
water resources management problems and opportunities, to
formulate potential alternatives to address the problems and take
advantage of the opportunities, to evaluate potential effects of
alternatives and to support decision-making.

Clearly, the community-based HSI model developed for the study must be
either certified or approved for one-time use. The Albuquerqgue District
initiated this review in 2008 and received a memo from the USACE Eco-
PCX granting one-time-use approval in April 2009 (Appendix C).
Information necessary to facilitate model certification/one-time-use
approval is outlined in Table 2 of EC 1105-2-407 (pages 9-11). To assist the
reviewers in the certification effort for the model, the authors have
developed an appendix to crosswalk the EC checklist requirements and
this report (Appendix C).

For purposes of model certification, it is important to note that the model
must be formally certified or approved for one-time use, but the method-
ology under which it is applied (i.e., HEP) does not require certification, as
it is considered part of the application process. HEP in particular has been
specifically addressed in the EC:

The Habitat Evaluation Procedure (HEP) is an established
approach to assessment of natural resources, developed by the US
Fish and Wildlife Service in conjunction with other agencies. The
HEP approach has been well documented and is approved for use in
Corps projects as an assessment framework that combines resource
guality and quantity over time, and is appropriate throughout the
United States.” (refer to Attachment 3, page 22, of the EC)

The authors used the newly developed Habitat Evaluation and
Assessment Tools (HEAT) tool (Burks-Copes et al., in preparation) to
automate the calculation of habitat units for the MRGBER study. This
software is not a “shortcut” to HEP modeling, or a model in and of itself, but
rather a series of computer-based programming modules that accept the
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input of mathematical details and data comprising the index model, and
through their applications in the HEP or the Hydrogeomorphic Wetland
Assessment (HGM) processes, calculates the outputs in responses to
parameterized alternative conditions. The HEAT software contains two
separate programming modules — one used for HEP applications referred to
as the EXpert Habitat Evaluation Procedures (EXHEP) module, and
a second used in HGM applications referred to as the EXpert Hydro-
geomorphic Approach to Wetland Assessments (EXHGM)
modules. The authors used the EXHEP module to calculate outputs for the
MRGBER study. The developers of the HEAT tool (including both the
EXHEP and EXHGM modules themselves) are pursuing certification
through a separate initiative, and hope to complete this process in the next
year barring unforeseen financial and institutional problems.

The authors used the IWR Planning Suite! to run the cost analyses for
the restoration plans in the MRGBER study, which was certified in 2008.

Report objectives

This document describes the development of the community-based HSI
model for the bosque (riparian) community located along the banks of the
Middle Rio Grande River running through the heart of Albuquerque, New
Mexico. The objectives of this report are to:

1. Briefly characterize the Middle Rio Grande watershed, within the study
area, in central New Mexico;

2. Characterize the bosque community used in the HEP evaluations and its
applicable cover types;

3. Present the relationships of habitat maintenance components for the index
model;

4. Define and justify the selection of assessment variables and their
associated curve calibrations used to characterize the components of the
model; and

5. Provide critical information to reviewers to facilitate the future
certification/one-time-use approval of the index model.

Report structure

This report is organized in the following manner. Chapter 1 provides the
background, objectives, and organization of the document. Chapter 2

1 http://www.pmcl.com/iwrplan/
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provides a brief overview of HEP, and the method in which the model will
be applied, including the procedures recommended for development and
application of the HSI model. Chapter 3 discusses the evolution of the
model in terms of conceptual development, offers critical insight into the
characterization of the community, provides details regarding the key
functional components of the HSI model in particular (and its mathematical
representations), and then concludes with the construction and testing of
the HSI model over the last three years. Chapter 4 offers insight into the
HSI model’s calibration approach, and offers descriptions of the assessment
variables used to characterize the community including definitions,
rationale for selection, and specific sampling guidelines. Chapter 5
summarizes the model findings and discusses future research initiatives to
expand its utility and context.

Several appendices are attached to this document. Appendix A is a list of
acronyms used throughout this document. Appendix B is a glossary of
commonly used terms regarding the HSI model and the HEP evaluation.
Appendix C offers a crosswalk between the standard requirements and
information necessary to certify/approve the use of the model. Appendix D
contains a point of contact for the formal minutes documenting the
decisions made during the initial model development workshops and
offers a complete list of E-Team participants. Appendix E provides
individual index curves for the variables used in the model. Appendix F
offers field data protocols and a crosswalk between the region’s more
notable vegetative classification system (Hink and Omart 1984) and the
classification used in the index model described here. Appendix E contains
the model review forms and documents the review comments provided by
the Albuquerque District and the workshop participants as the planning
study proceeds through review.
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2 HEP Overview

The HEP process

The HEP methodology is an environmental accounting process developed
to appraise habitat suitability for fish and wildlife species in the face of
potential change (USFWS 1980a, 1980b, 1980c). Designed to predict the
response of habitat parameters in a quantifiable fashion, HEP is an
objective, reliable, and well-documented process used nationwide to
generate environmental outputs for all levels of proposed projects and
monitoring operations in the natural resources arena. When applied
correctly, HEP provides an impartial look at environmental effects, and
delivers measurable products to the user for comparative analysis.

In HEP, a Suitability Index (SI) is a mathematical relationship that reflects a
species' or community’s sensitivity to a change in a limiting factor (i.e.,
variable) within the habitat type. These suitability relationships are depicted
using scatter plots and bar charts (i.e., suitability curves). The Sl value (Y-
axis) ranges from 0.0 to 1.0, where an SI = 0.0 represents a variable that is
extremely limiting, and an Sl = 1.0 represents a variable in abundance (not
limiting) for the species or community. In HEP, an HSI model is a
guantitative estimate of habitat conditions for an evaluation species or
community. HSI models combine the SIs of measurable variables into a
formula depicting the limiting characteristics of the site for the
species/community on a scale of 0.0 (unsuitable) to 1.0 (optimal).

Statement of limitations

The HEP methodology can provide a rational, supportable, focused, and
traceable evaluation of habitat functionality. However, the user must
understand the basic HEP tenets as defined in supporting literature
(USFWS 19804, 1980b, 1980c) prior to attempting application of the
methodology. Outcomes derived under HEP are dependent on the user’s
ability to predict future conditions and the reliability of resource data
used. The user should understand that HEP is not a carrying-capacity
model and cannot comprehensively predict future species and species
population sizes. Furthermore, HEP is not designed to compare across
evaluation elements (e.g. compare prairie habitat to forest habitat). The
user should not expect HEP to provide the only predictive environmental
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response to project development scenarios, and should understand the
limitations of the methodology’s response to predictive evaluations prior
to its application.!

HSI Models in HEP

Users can select several indicator species to evaluate overall site fitness. In
the HEP process, species are often selected on the basis of their ecological,
recreational, spiritual, or economic value. In other instances, species are
chosen for their representative value (i.e., one species can “represent” a
group or guild of species which have similar habitat requirements). Most of
these species can, in turn, be described using single or multiple habitat
models and a single HSI mathematical formula. In some studies, several
cover types are included in an HSI model to accurately reflect the complex
interdependencies critical to the species’ or community’s existence.
Regardless of the number of cover types incorporated within an HSI model,
any HSI model based on the existence of a single life requisite requirement
(e.g. food, water, cover or reproduction), uses a single formula to describe
that relationship.

Some species are insufficiently examined using the simplistic approach. In
these instances, a more detailed model can emphasize critical life requisites,
increase limiting factor sensitivity, and improve the predictive power of the
analysis. Multiple habitats and formulas are often necessary to calculate the
habitat suitability of these more comprehensive HSI models. The second
type of HSI model is used to capture the juxtaposition of habitats, essential
dependencies, and performance requirements such as reproduction,
roosting needs, escape cover demands, or winter cover that describe the
sensitivity of a species or community. Multiple formula models require
more extensive processing to evaluate habitat conditions.

Habitat Units in HEP

HSI models can be tailored to a particular situation or application and
adapted to meet the level of effort desired by the user. Thus, a single model
(or a series of inter-related models) can be adapted to reflect a site’s
response to a particular design at any scale (e.g., species, community,
ecosystem, regional, or global dimensions). Several agencies and

1 Additional support for the HEP methodology has been provided in Table C1, under the section titled
“Technical Quality,” sub-section a, “Theory.”
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organizations have adapted the basic HEP methodology for their specific
needs in this manner (Inglis et al. 2006, Gillenwater et al. 2006, Ahmadi-
Nedushan et al. 2006). HEP combines both the habitat quality (HSI) and
guantity of a site (measured in acres) to generate a measure of change
referred to as Habitat Units (HUs). Once the HSI and habitat quantities
have been determined, the HU values can be mathematically derived with
the following equation: HU = HSI x Area (acres). Under the HEP method-
ology, one HU is equivalent to 1 acre of optimal habitat for a given species
or community.

Capturing changes over time in HEP applications

In studies spanning several years, Target Years (TYs) must be identified
early in the process. Target Years are units of time measurements used in
HEP that allow users to anticipate and direct significant changes (in area or
guality) within the project (or site). As a rule, the baseline TY is always TY =
0, where the baseline year is defined as a point in time before proposed
changes would be implemented. As a second rule, there must always bea TY
=landaTY =X> TYLlis the first year that land- and water-use conditions
are expected to deviate from baseline conditions. TY X designates the
ending target year. A new target year must be assigned for each year the
user intends to develop or evaluate change within the site or project. The
habitat conditions (quality and quantity) described for each TY are the
expected conditions at the end of that year. It is important to maintain the
same target years in both the environmental and economic analyses, and
between the baseline and future analyses. In studies focused on the long-
term effects, HUs generated for indicator species are estimated for several
TYs to reflect the life of the project (aka, period of analysis). In such
analyses, future habitat conditions can be estimated for both the without-
project (e.g., No Action Plan) and with-project conditions. Projected long-
term effects of the project are reported in terms of Average Annual Habitat
Units (AAHUSs) values. Based on the AAHU outcomes, alternative designs
can be formulated and trade-off analyses can be simulated to promote
environmental optimization.

Developing index models for HEP

Based on the USFWS'’s Ecological Service Manual (ESM) series on HEP
(USFWS 19804, 1980b, 1980c), 11 steps are involved in the application of
HEP when assessing an environmental project:
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Build a multi-disciplinary E-Team;

Define the project;

Map the site’s cover types (CTs);

Select, modify, and/or create index model(s);

Conduct field sampling;

Perform data management and statistical analyses;

Calculate baseline conditions;

Set goals and objectives, and define project life and TYs;

Generate without-project (WOP) conditions and calculate outputs;
lO Generate with-project (WP) conditions and calculate outputs; and
11. Report the results of the analyses.

©ONOUEWN R

However, this document only addresses the development of the model
used in the HEP process for this study. For further detail on each of the
11 steps, refer to the habitat assessment report for the MRGBER study
(Burks-Copes and Webb, in preparation).

Steps in model development

Community assessment was identified as a priority for the District’s
upcoming feasibility study. However, few HSI community models were
published and available for application. ERDC-EL proposed a strategy to
the District to develop community models for the MRGBER study. The
strategy entailed five steps:

1. Compile all available information that could be used to characterize the
communities of concern.

2. Convene an expert panel in a workshop setting to examine this material
and generate a list of significant resources and common characteristics
(land cover classes, topography, hydrology, physical processes) of the
system that could be combined in a meaningful manner to “model” the
communities. In the workshop, it was important to outline study goals and
objectives and then identify the desired model endpoints (e.g., outputs of
the model). It was also critical for the participants to identify the limiting
factors present in the project area relative to the model endpoints and
habitat requirements. The outcome of the workshop was a series of
mathematical formulas that were identified as functional components (e.g.,

Hydrology, Vegetative Structure, Diversity, Connectivity, Disturbance, etc.).

These formulas were comprised of variables that were:

a. biologically, ecologically, or functionally meaningful for the subject,
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b. easily measured or estimated,

able to have scores assigned for past and future conditions,

d. related to an action that could be taken or a change expected to
occur,
were influenced by planning and management actions, and

f. independent from other variables in each model.

o

3. Develop both a field and a spatial data collection protocol (using
Geographic Information Systems (GIS)) and, in turn, use these strategies
to collect all necessary data and apply these data to the model in both the
“reference” setting and on the proposed project area.

4. Present the model results to an E-Team and revise/recalibrate the model
based on their experiences, any additional and relevant regional data, and
application directives.

5. Submit the model to both internal ERDC/District/E-Team review and
then request review from the initial expert panel that participated in the
original workshop, as well as solicit review from independent regional
experts who were not included in the model development and application
process.

Model review process

The process described in Appendix G is currently being implemented to
assure that quality control is an integral part of model development and
document production. In essence, a laboratory-directed model review
process is underway, one that involves both direct-line supervisors of the
model authors, and peer reviews by researchers and planning personnel
outside of the model development team. It is important to note that the
District will be responsible for incorporating the ERDC-EL documents into
their integrated feasibility study reports and documents.
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3 Community-based HSI Models

As described earlier in Chapter 2 of this report, index models can quantify
the effects of change in a given ecosystem setting and can be used to account
for restoration gains under the HEP assessment paradigm. This chapter
describes the bosque (riparian) community found along the middle Rio
Grande in central New Mexico (running through Albuquerque), and
describes the process by which the E-Team developed and tested the
resultant community-based HSI model. General descriptions of both the
variables and their relationships to one another are provided for the model
as well. The goal of this chapter is to characterize the E-Team’s effort to
capture the character of the bosque ecosystem using a traditional index
model-based approach.

Model development workshops

A series of 10 workshops were held over the course of three years (2005-
2008) to develop the model and characterize baseline conditions of the
study area prior to plan formulation and alternative assessment for the
ecosystem restoration study. A community-based index model (Bosque
Riparian Community) was developed under this paradigm. Several
federal, state, and local agencies, as well as local and regional experts from
the stakeholder organizations, and private consultants, participated in the
model workshops.! In the first workshop, the E-Team was briefed on the
project scope and opportunities by the District planners. Land and water
management activities (e.g., hydrologic alterations, urban development, and
agricultural production) were identified as the system’s key anthropogenic
drivers. The stressors (i.e., physical, chemical and biological changes to
system structure and function) were identified and grouped into four
categories: 1) hydrologic alteration, 2) geomorphic and topographic
alteration, 3) urban encroachment and agricultural use, and 4) exotic
species introductions. Each stressor altered ecosystem integrity? within a
water, soils, habitat and/or landscape context. For example, hydrologic
alterations to the channel have caused changes not only in flooding

1A list of E-Team participants can be found in Appendix D.

2 The authors prescribe to the Society for Ecological Restoration International’s (2004) definition of
ecosystem integrity here, which has been defined as “the state or condition of an ecosystem that
displays the biodiversity characteristic of the reference, such as species composition and community
structure, and is fully capable of sustaining normal ecosystem functioning."
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frequency and duration, but have altered ecosystem function and structure
across the basin. Urban encroachment has exacerbated these problems by
reducing infiltration, increasing stormwater runoff, and increasing
disturbance regimes system-wide. These changes have ultimately led to
opportunities for exotic species invasions reducing spatial complexity on a
landscape scale. The direct and indirect effects of these alterations are as
obvious as they are numerous — reduced hydrologic pulsing, reduced
sediment transport, fragmentation, and loss of biodiversity.

Coupling conceptual modeling and index modeling

Conceptual models are proving to be an innovative approach to organize,
communicate, and facilitate analysis of natural resources at the landscape
scale (Harwell et al. 1999, Turner et al. 2001, Henderson and O’Neil 2004,
Davis et al. 2005, Ogden et al 2005, Watzin et al. 2005, Alvarez-Rogel et al.
2006). By definition, a conceptual model is a representation of relationships
among natural forces, factors, and human activities believed to impact,
influence, or lead to an interim or final ecological condition (Harwell et al.
1999, Henderson and O’Neil 2004). In most instances these models are
presented as qualitative or descriptive narratives and are illustrated by
influence diagrams that depict the causal relationships among natural
forces and human activities that produce changes in systems (Harwell et al.
1999, Turner et al. 2001, Ogden et al. 2005, Alvarez-Rogel et al. 2006). No
doubt, conceptual models provide a forum in which individuals of multiple
disciplines representing various agencies and outside interests can
efficiently and effectively characterize the system and predict its response to
potential alternatives in a descriptive manner. In theory and practice,
conceptual models have proved an invaluable tool to focus stakeholders on
developing ecosystem restoration goals given recognized drivers and
stressors. These in turn are translated into essential ecosystem charac-
teristics that can be established as targets for modeling activities.

For purposes of this study, a systematic framework was developed that
coupled the traditional USACE planning process with an index modeling
approach derived from a sound conceptual understanding of ecological
principles and ecological risk assessment that characterized ecosystem
integrity across spatial and temporal scales, organizational hierarchy, and
ecosystem types, yet adapted to the project’s specific environmental goals.
Ideally, the development of conceptual models involves a close linkage
with community-index modeling, and produces quantitative assessment of
systematic ecological responses to planning scenarios (Figure 6).
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Figure 6. Overview of the successive steps (1-6) of the community-based index model building
and application process for ecosystem restoration, where two data sets (one for calibration
and one for alternative evaluations) are used (adapted from Guisan and Zimmerman 2000).1

Under this MRGBER modeling paradigm, conceptual modeling led to the
choice of an appropriate scale for conducting the analysis and to the
selection of ecologically meaningful explanatory variables for the subse-
guent environmental (index) modeling efforts. The model was calibrated
using reference-based conditions and modified when the application
dictated a necessary change.

As a first step in the index model development process, ERDC-EL
developed a conceptual model to illustrate the relationships between these
system-wide drivers and stressors and tried to highlight the ecosystem
responses to these pressures across the entire Rio Grande-Albuquerque
watershed (Figure 7).

Conceptually speaking, the “Significant Ecosystem Components” (water,
soils, habitat, and landscape) were characterized by parameters responsive
to project design. These parameters or variables (hydroperiod, vegetative

1t is important to note here that the same models used to evaluate alternatives should be used in the
future to monitor the restored ecosystem and generate response thresholds to trigger adaptive
management under the indicated feedback mechanism. As such, the District can use the models
developed early on in the process to adaptively manage the system over the long term.
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Figure 7. A conceptual model for the MRGBER.

cover, disturbance, etc.) were grouped in a meaningful manner to quantify
the functionality of the community in the face of change based on expert
opinion and scientific literature. The effort to combine the variables in
mathematical algorithms could then be viewed as community index
modeling under the HEP paradigm. For purposes of organization, the
community-based index model was constructed from combinations of
components — an analogy used was one of puzzle building. The individual
model components were represented as “pieces” of the ecosystem puzzle,

that, when combined, captured the essence of the system’s functionality
(Figure 8).

Vegetation communities in the area ranged from riparian forests, shrub-
lands, savannahs, meadows, and open marshes to the river itself. Out of this
effort a bosque (riparian zone) community model arose. Subsequent
refinement of the model led to the identification of contributing ecosystem
components, and a description of associated variables (with suggested
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Figure 8. Within the conceptual modeling building framework, the various model components
(color-coded for organization purposes) are pieced together to capture the essence of
community functionality using the ecosystem puzzle analogy.

sampling protocols) that can be used to measure ecosystem restoration
benefits. The accuracy and utility of the proposed model was “tested” (e.g.,
validated and verified) with specific field and planning exercises on the
District’s ongoing ecosystem restoration feasibility study. The application
led ERDC-EL to modify the model several times over the course of the study
to accommodate broader planning specifications.

Bosque riparian community characterization

River systems and their attendant wetland/riparian communities, referred
to as “bosques” in New Mexico (derived from the Spanish word for forest),
provide significant resources for both humans and wildlife in the semi-arid
western United States. Water resource management activities —diversions,
dams, levees, drains, channelization and jetty jack installation—by Federal
agencies and other entities, as well as ongoing urbanization, have signifi-
cantly altered the hydrologic system and degraded the ecosystem function
and value of the Rio Grande within New Mexico. The bosque is unique; it is
a thin line of significant riparian habitat in an arid landscape of the South-
west. The habitat quality, although diminished over the past few decades,
still remains one of the most significant in the region. The uniqueness of the
Rio Grande system and its critical value as wildlife habitat emphasize its
significance as a critical resource. Over 300 species of birds, mammals,
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amphibians, and reptiles live in the bosque - more than double those found
in any other major ecosystem in the state. In fact, the bosque serves as a
critical migration route for thousands of North American birds moving
along the Central Flyway.

Functional riparian systems such as the Middle Rio Grande bosque are
becoming increasingly rare in the Southwest. Such systems located in the
center of an urban area are rarer still. The Rio Grande with its bosque is a
green ribbon that weaves together various communities of the Albuquerque
metropolitan area both figuratively and physically, connecting the present-
day urbanites to the original inhabitants in the region. For decades the
bosque has provided ecosystem services (for example, water filtration,
urban heat island mitigation, etc.) for Albuquerque and its neighboring
communities. It also continues to provide unique aesthetic, cultural,
educational, and recreational opportunities for citizens and visitors to the
region. The health of the region’s many species of wildlife, as well as its
human inhabitants, rests on the long-term health and viability of the Rio
Grande bosque. The sections that follow detail the classic character of New
Mexico’s bosque as it peppers the banks along the Rio Grande flowing
through the heart of the city.

Reference domain for the models

It is important to note that the model developed in this study is applicable
to a specific domain: the riparian habitat between the levees along the
17-mile stretch of the Rio Grande flowing through Albuquerque, New
Mexico (Figure 9).

The outflow of the city’s North Diversion Channel forms the northern
boundary of each model’s domain, while the southern boundary is formed
by the northern limits of the Pueblo of Isleta. The area is delimited on the
east and west by the flood control levees, although the areas adjacent to
the levees within the original floodplain have been considered in the
calibration of the model.

The study area roughly corresponds to the Rio Grande Valley State Park,
which runs through the center of Albugquerque and the County of Bernalillo.
The park was dedicated for public uses and conservation purposes, and is
one of the last intact cottonwood gallery forests along the Rio Grande. The
bosque forest therein is one of the most biologically rich areas in the state
and arguably one of the largest cottonwood riparian galleries in the south-
western United States (USACE 2002, 2003a, 2007b, 2011; Burks-Copes and
Webb 2009).
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Rio Grande - Albuguerque Watershed (Index Model Domain)
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Figure 9. Reference domain for the Rio Grande-Albuquerque watershed index model.

The area is maintained as a part of the Middle Rio Grande Flood Control
Acts of 1948 and 1950 and is within the Facilities of the Middle Rio Grande
Project (USACE 2002, 2003a, 2007b, 2011; Burks-Copes et al. 2009). The
bosque area within Albuquerque was designated as the Rio Grande Valley
State Park through the Park Act of 1983 and is cooperatively managed by
the City of Albuquerque Open Space Department and the MRGCD (Figure
10). The bosque within Corrales is designated as the Corrales Bosque
Preserve and is cooperatively managed by the Village of Corrales and the
Corrales Bosque Commission through an agreement with the MRGCD.
Sandia Pueblo lands are managed by the Native American Pueblo Tribe.

By definition, the model presented here can be applied within this physical
and ecological domain. In all likelihood, the model can be used several
miles upstream or downstream of this narrowly defined area. However,
any attempt to port this model to other locations outside this domain will
likely require a recalibration of the parameters and algorithms associated
with the tool.
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Parks Within the MRGBER Study Area
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Figure 10. Parks maintained inside the MRGBER Study Area.

Climatic characterization

Albuquerque’s climate is usually sunny and dry, with low relative
humidity.! Brilliant sunshine defines the region, averaging more than
300 days a year; periods of variably mid- and high-level cloudiness temper

1 Information retrieved from Wikipedia (http://en.wikipedia.org/wiki
Albuquerque, New_Mexico#Climate) in September of 2008.
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the sun at other times. Extended cloudiness is rare. The city has four
distinct seasons, but the heat and cold are mild compared to the extremes
that occur more commonly in other parts of the country.

Winters are rather brief but definite; daytime highs range from the mid-
40s to upper 50s Fahrenheit, while the overnight lows drop into the low
20s to near 30 by sunrise; nights are often colder in the valley and
uppermost foothills by several degrees, or during cold frontal passages
from the Great Basin or Rocky Mountains (Table 1).

Table 1. Weather averages for Albuquerque, New Mexico.1

Record high

. 48°F 55°F 57°F
Average high
(9°C) (13°C) | (47°C) (14°C) | (9°C)

Average low 24°F 28°F | 34°F |44°F 50°F |[59°F |[65°F |63°F |56°F |44°F |32°F 24°F

g (-4°C) (-2°C) | (1°C) |(b°C) (10°C) | (15°C) | (18°C) | (47°C) | (13°C) | (7°C) | (0°C) (-4°C)

N 6° 28°F | 37°F |44°F |[45°F |30°F |21°F |EIAds
Record low
° 4° (2°C) | (3°C) |(7°C) [(7°C) [(-1°C) |(-6°C) HE¥MY

Precipitation | 0.49 0.44 0.61 0.50 0.60 0.65 1.27 1.73 1.07 1.00 0.62 0.49
inches (mm) | (12.4) (11.2) |(15.5) |(12.7) |(15.2) |(16.5) [(32.3) |(43.9) |(27.2) |(25.4) |(15.7) |(12.4)

The occasional snowfall, associated with low pressure areas, fronts, and
troughs, often melts by the mid-afternoon; over half of the scant winter
moisture occurs in the form of light rain showers, usually brief in duration.
In the much higher and colder Sandia Mountains, moisture falls as snow;
in many years, there is enough snow to create good skiing conditions at the
local ski area.

Springtime starts off windy and cool, sometimes unsettled, with some rain
and even light snow, though spring is usually the driest part of the year in
Albuquerque. March and April tend to see many days with the wind blowing
at 20 to 30 mph (32 to 48 km/h), and afternoon gusts can produce periods
of blowing sand and dust. In May, the winds tend to subside, as tempera-
tures start to feel like summer. Summer daytime highs range from the upper
80s to the upper 90s, while dropping into the low 60s to low 70s overnight;
the valley and uppermost foothills are often several degrees cooler. Fall sees
mild days and cool nights with less rain, though the weather can be more
unsettled closer to winter.

1 Weather.com - Monthly Averages for Albuquerque, NM (SEPTEMBER 2008).
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Albuquerque's climate is classified as arid (BWk or BWh, depending on the
particular scheme of the Koppen climate classification system! one uses),
meaning average annual precipitation is less than half of evaporation, and
the mean temperature of the coldest month is above freezing (32°F). Only
the wettest areas of the Sandia foothills are barely semi-arid, where
precipitation is more than half of, but still less than, evaporation; such areas
are localized and usually lie above 6,000 ft (1,800 m) in elevation and often
in arroyo drainages, signified by a slightly denser, taller growth of evergreen
oak - juniper - pinon chaparral and rarely, woodland, often mixed with
taller desert grasses. These elevated foothill areas still border arid areas,
best described as desert grassland or desert shrub, on their west sides.

The mountains and highlands to the north and east of the city create a
"rain shadow" effect, due to the drying of descending air movements; the
city usually receives very little rain or snow, averaging 8-9 in. (216 mm) of
precipitation per year. Valley and west mesa areas, farther from the
mountains, are drier, averaging 6-8 in. of annual precipitation; the Sandia
foothills tend to lift any available moisture, enhancing precipitation to
about 10-17 in. annually. Most precipitation occurs during the summer
monsoon season (also called a chubasco in Mexico), typically starting in
early July and ending in mid-September.

Vegetative characterization

An ecosystem’s vegetation at any given time is determined by a variety of
factors, including climate, topography, soils, proximity to bedrock,
drainage, occurrence of fire, and human activities. Because of the temporal
and spatial variability of these factors and the sensitivity of different forms
of vegetation to these factors, the system’s character is one of dynamic,
changing juxtapositions (i.e., a fluid mosaic). For details regarding the
historical conditions of the study area, refer to the District’s documents
(USACE 2002, 2003a, 2007b, 2011; Burks-Copes et al. 2009). Of
particular concern for this effort is the state of the vegetative communities
within the model domain (Figure 11).

To fully quantify the habitat conditions for this area, it is useful to divide the
project into manageable sections and quantify these in terms of acres per
habitat type. This process, referred to as “cover typing,” allows the user to
define the differences between vegetative “types” (e.g., forest, shrublands,

1 http://en.wikipedia.org/wiki/K%C3%B6ppen_climate_classification (September 2008).
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Figure 11. At stake - the dwindling cottonwood-dominated bosque community.t

wet/dry meadows, etc.), hydrology and soils characteristics, and clearly
delineate these distinctions on a map. The final classification system, based
primarily upon dominant vegetation cover, captures “natural” settings and
common land-use practices in a specific and orderly fashion that accommo-
dates USACE'’s plan formulation process. The “Middle Rio Grande
Biological Survey” completed by Hink and Ohmart in 1984 described the
plant communities within the study area’s riparian zone and provided
detailed information on species composition and the structure of cover
types. Six general plant vegetation categories were developed by Hink and
Ohmart (1984), based on the height of the vegetation and the makeup of the
understory or lower layers:?2

1 Photo taken from abgstyle.com/albuquerque_photo/000023.html (May 2008).

2 |In actuality, the Hink and Omart classification requires field biologists to identify vegetation at the
species level, and has generated a unique naming convention based on these characterizations. Those
familiar with the Hink and Omart system should refer to Appendix F to see a crosswalk for cover types
used in this assessment and the detailed Hink and Omart classification.
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Type I: Mature Riparian Forests with tall trees ranging from 50 to
60 ft in height, closed canopies, and well established (relatively dense)
understory composed of saplings and shrubs;

Mature Riparian Forest-Over 40’
closed canopy, established understory

Overstory:  Cottonwood, elm (185" diameter trurk)

Urderstory: Russian olive, sakt cadar, coyote willow,
mulberry, New Mexico olive

Fiel joad:  Medium to high
FLel Hararmd: Madium

Figure 12. Classic examples of Type | (Mature Riparian Forests) vegetation in the study area.
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Type Il: Mature Riparian Forests with tall trees exceeding 40 ft in
height and nearly closed canopies, but limited sapling and shrub
understory;

Mature Riparian Forest-Over 40| nearly closed
canopy, limited understory

Overstory: Cottonwood, elm

Understory (sparse): Russian olive, salt cedar, coyote
willow

Fuel lood:  Medium
Fuel hazard: Low
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Type I11: Intermediate-aged Riparian Woodlands characterized by
mid-sized trees less than 30 ft in height, but with closed canopies and
dense understory;

Intermediate Aged Riparian Woodland - Closed canopy,
Iots of salt cedar and Russian olive

Overstory:  Cottonwood, Russian clive, tree willow, elm

Understory: Russian olive, salt cedar, coyote willow, elm,
mulberry

Fuel load:  High
Fuel Hazard: High

Figure 14. Classic examples of Type lll (Intermediate-aged Riparian Woodlands) vegetation in
the study area.
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Type IV: Intermediate-aged Riparian Woodland/Savannahs
characterized by open stands of mid-sized trees with widely scattered
shrubs and sparse herbaceous growth underneath;

Intermediate Aged Riparian
Woodland/Savannah-Broken canopy, mostly
grass understory

Overstory:  Cottonwood, Hussian olive, tree willow, salt
cedar

Understory (sparse): Coyote willow, Russian ofive, salt cedar

Fuel load:  Low
Fuel hazard: Low

Figure 15. Classic examples of Type IV (Intermediate-aged Riparian Woodland/Savannahs) vegetation in the
study area.
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Type V: Riparian Shrubs are characterized by dense vegetation (shrubs
and saplings) up to 15 ft in height, but lacking tall tree species, and often
having dense herbaceous growth underneath; and

b "N
f' b /‘“\/\ 2
15} ‘g} y ot ] 2

B

¢
/ﬂ i st

Riparian Shrub-No tall trees

Overstory: Russian olive, salt cedar, coyote willow

Fuel load:  High
Fuel hazard: High
(Hnk & Ohmart, 1984)

Figure 16. Classic examples of Type V (Riparian Shrubs) vegetation in the study area.
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Type VI: Dry Grass Meadows and Wet Marshes are characterized
by scattered plant growth composed of short shrubs (less than 5 ft in
height), seedlings, and grasses. This category includes both dry meadows
and the rare marshes found in the oxbow of the Rio Grande River that are
vegetated with cattail, bullrush, sedges, watercress, and algae.

Short shrubs/Grasses - Qpen areas and marsh

Urderstory: Cattails, small shrubs and trees

Fuel load:  Low
Fuel hazard: Low

o il g e : #5- o

Figure 17. Classic examples of Type IV (Dry Grass Meadows and Wet Marshes) vegetation in the study area.

It should be noted that severe fires took place in June 2003, burning 253
acres (Figure 18), and as a result, the City of Albuquerque Open Space
Division (AOSD) initiated an extensive thinning project to prevent future
fires in the Albuquerque area.

Unfortunately, two more fires occurred in 2004 - one between Rio Bravo
and Interstate-25 (1-25) on both sides of the river burning approximately
63 acres and the other south of Bridge Blvd. on the east side of the river,
burning approximately 18 acres (USACE 2007b) (Figure 19).

Prior to these recent fires and between fires, the city has been thinning most
areas within the Rio Grande Valley State Park. To date, approximately
2,300 of the 3,000 bosque acres in the park have been “treated” in some
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Figure 3.24 — Bosque Wildfire
June 2003 Fires
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Figure 18. Location of 2003 bosque fires (map taken from USACE 2007b).
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Figure 19. The nighttime sky is aglow with the firelight coming off the bosque wildfires.

way by the AOSD, Ciudad Soil and Water Conservation District (SWCD),
the Corps (through the Bosque Wildfire Project), and other agencies and
private organizations. Some areas were lightly thinned while other areas
were cleared of all non-native vegetation and dead material, depending on
the level of fuel reduction required for the site. Clearing activities have
greatly reduced the acreage of Type I, 111, and V woodlands. Recently
created Type Il stands are largely devoid of understory vegetation. However,
Russian olive and salt cedar have begun sprouting from the root crowns of
cut trees in treated stands.

Because the “treated” habitats were significantly different in terms of
vegetative cover, infiltration, etc., from the “untreated” cover types in the
region, the E-Team made a decision to capture these differences by
dividing several of the Hink and Ohmart categories (namely Types 11, IV,
and VI) into “Treated” and “Untreated” classifications (designated by
“U’s”) to better capture the degraded habitat conditions in “fire-managed”
areas within the study boundary (Figure 20). !

1 Because the Albuquerque District knew that the fires and treatments had caused significant changes to
the existing vegetation in the study area, an effort was undertaken to ground-truth and remap the reach
in 2005 (again using the Hink and Ohmart (1984) methodology and classification scheme). Details of this
effort are described in USACE 2007b. The 2005 updated mapping was used for this assessment.
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Figure 20. Untreated forests (left) carry extensive fuel loads susceptible to catastrophic fires.
The District and stakeholders actively reduce fuel loads to reduce the risk (right). These areas
have reduced functionality (lower habitat suitability).

Open areas not associated with the model have been mapped, and offer
potential areas of restoration and rehabilitation within the study area. To
complete the characterization, a series of “Newly 