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Introduction

The Virginia Water Resources Research Center (VWRRC) was established at Virginia Tech in 1965 as a
federally authorized program. In 1982, the Virginia General Assembly authorized the VWRRC as a state
agency under the Code of Virginia (§23-135.7:8).

Mission

The VWRRC provides research and educational opportunities to future water scientists; promotes research on
practical solutions to water resources problems; and facilitates timely transfer of water resources information
to policy-and decision-makers and the general public.

Mission Elements
Research

1. Assisting university researchers in securing research support funds from public and private sources to
address water resources issues;

2. Assisting university researchers in initiating and executing water resources research;

3. Conducting research on water resources issues appropriate for expertise of personnel affiliated with
the VWRRC.

Education
Advancing educational opportunities for students in water resources fields by

1. Helping university researchers provide undergraduate and graduate research experiences in water
resources;
2. Coordinating an undergraduate minor and graduate certificate in water resources at Virginia Tech.

Outreach

1. Maintaining and frequently updating the VWRRC website and social media outlets to provide access
to information on water resources science, engineering, and policy;

2. Publishing Virginia Water Central, a newsletter featuring articles on water-related policy and law,
summaries of water conditions in Virginia, and news briefs about water issues;

3. Producing Virginia Water Radio, a weekly radio show and podcast featuring unique perspectives on
water sounds and news, and information involving Virginia's waters;

4. Securing academic advisors to work in an advisory capacity with public and private sectors, as
requested;

5. Initiating and participating in development and execution of conferences and symposia on Virginia,
regional, and national water issues.

Program Administration

Administrative oversight of the VWRRC is provided by the Dean of the College of Natural Resources and
Environment. A Statewide Advisory Board appointed by the Governor advises the VWRRC director on state
water research and information priorities. Because of its multiple legislative authorities and administrative
responsibilities, the VWRRC has a number of reporting responsibilities. In addition to the annual reporting
requirements to the USGS and the National Institutes for Water Resources (NIWR), it presents an annual
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report to the Virginia Tech administration and the College of Natural Resources and Environment. Five-year
reports and reviews are presented to the USGS and the State Council on Higher Education for Virginia
(SCHEV).

National Affiliations
The VWRRC is affiliated with NIWR and the Universities Council on Water Resources (UCOWR).
Programs of the VWRRC

Programs are structured to meet strategic goals of the VWRRC and are consistent with the VWRRC mission
as authorized by the U.S. Congress through the Water Resources Research Act of 1984 (Public Law 98-242),
and Code of Virginia (§23-135.7:8). Programs in research and education are available to students and faculty
at all Virginia colleges and universities. Outreach and collaborative programs include information transfer to
policy/decision makers and citizens, and collaborative partnerships with state and federal agencies and other
water-interest groups.

A. Research Programs

1. The VWRRC's statewide competitive grants program provides research funds to find practical
solutions to water problems in Virginia and the region. The grant period begins July 1 and ends June
30 of the following year. The review criteria include (a) technical merit of the proposed project, (b)
relevance to Virginia and the region, (c) relevance to contemporary water issues, and (d) ability to
provide research opportunities for graduate and undergraduate students. A priority listing of water
research needs for this competitive grants program is updated annually in consultation with the
VWRRC Statewide Advisory Board. These grants are designed to support research efforts with a high
potential for expanded funding from additional sources.

2. The VWRRC applies for external grants and conducts in-house research.

3. The VWRRC facilitates research team building and interdisciplinary, multi-institute collaborative
research.

4. The VWRRC facilitates research opportunities to other university faculty and external contractors
through a partnership with federal agencies that provides targeted funding from the USGS.

B. Educational Programs

1. The VWRRC provides research opportunities to undergraduate students and assistantships to graduate
students who participate in sponsored research. Also, numerous graduate and undergraduate students
are supported through the VWRRC's competitive grants program in Virginia Tech academic
departments, and at Virginia's other colleges and universities.

2. In 1999, the VWRRC established the William R. Walker Graduate Research Fellowship to honor the
many contributions of Dr. William R. Walker, the VWRRC's first director. The annual monetary
award is intended for individuals preparing for a professional career in water resources and is
provided to at least one new graduate student at Virginia Tech each year. Details of the program can
be found on the VWRRC website: http://www.vwrre.vt.edu/walker fellowship.html

3. The VWRRC coordinates the interdisciplinary Watershed Management Undergraduate Minor and a
Watershed Management Graduate Certificate Program in collaboration with five colleges and ten
departments at Virginia Tech.

4. The VWRRC supports and advises the Virginia Tech Chapter of the American Water Resources
Association.

C. Outreach and Collaborative Programs
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. The VWRRC provides administrative support for the Virginia Water Monitoring Council.

. The VWRRC publishes research reports, symposia proceedings, and citizen education booklets. It

provides funding for the publication

3. The VWRRC publishes a newsletter, Virginia Water Central, several times each year. It features
scientific and educational articles, legislative information, and water news of interest. The newsletter
is available to the public at http://www.vwrrc.vt.edu/watercentral.html, and electronic copies are
provided via email to more than 700 people.

4. The VWRRC sponsors or co-sponsors symposia, workshops, and seminars addressing contemporary

water resources issues.

. The VWRRC facilitates peer reviews for state programs when requested.

6. The VWRRC website (http://www.vwrre.vt.edu/) serves as a repository of the Center s publications,
houses an academic expert database, provides updated news and information relevant to water
resources, and manages website links for several collaborative partners, including the Virginia Water
Monitoring Council, the Virginia Department of Environmental Quality Stormwater BMP
Clearinghouse, and the Clinch Powell Clean Rivers Initiative.

7. The VWRRC has Twitter and Facebook sites, and a Water News Grouper blog

(http://vawatercentralnewsgrouper.wordpress.com/) to facilitate information exchange related to water

resources and related news at the VWRRC.

[\
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Research Program Introduction
Research Program Introduction

The research program of the Virginia Water Resources Research Center (VWRRC) is supported through

1. its annual appropriation from the Commonwealth of Virginia,
2. external funding through grants and contracts, and
3. a portion of overhead generated by external funding.

The VWRRC's 104B funds are not allocated to support research, but are used to support its outreach and
information dissemination programs and to provide administrative support.

The VWRRC funded four new research projects through allocation of $5,000 seed grants to graduate students
at Virginia Tech in the Departments of Civil and Environmental Engineering, and Biological Systems
Engineering, at the University of Virginia in the Department of Environmental Sciences, and at the Virginia
Institute of Marine Science in the Department of Physical Sciences/Chemical Oceanography.

Three research projects that passed through USGS to the VWRRC and were administered by the VWRRC

were active during the reporting period. Basic information regarding these three grants and resulting products
are described in the following section.
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Modernizing U.S. Army Corps of Engineers Planning and Regulatory Policies and Programs Phase |V

Modernizing U.S. Army Corps of Engineers Planning and
Regulatory Policies and Programs Phase IV

Basic Information

.., .|[Modernizing U.S. Army Corps of Engineers Planning and Regulatory Policies and
Title:
Programs Phase IV

Project Number:[2011VA156S
Start Date:|8/12/2011
End Date:|6/30/2013
Funding Source:|Supplemental

Congressional
District:

Research Category:|Social Sciences

VA-9

Focus Category:|Floods, Law, Institutions, and Policy, Economics

Descriptors:

Principal
Investigators:

Publications

Stephen H. Schoenholtz, Leonard Shabman

1. No publication available
2. No publication available

Modernizing U.S. Army Corps of Engineers Planning and Regulatory Policies and Programs Phase 1V



Project Number 2011VA156S

USGS Award # G11AP20207
Modernizing U.S. Army Corps of Engineers
Planning and Regulatory Policies and Programs

Phase IV



Workshop
Designed by Leonard Shabman
Workshop Co-leader Leonard Shabman
Atlanta, GA

March 13 - 14, 2012

Workshop for regulators who must issue permits under section 404 of the Clean
Water Act for municipal water supply intakes and reservoirs. Applicants for the
permits include cities ranging in size from Denver and Atlanta, to smaller
communities. Permitting of these large water supply facilities has become
extremely controversial. The workshop identified the need for the regulatory
process to more clearly state its analytical requirements, so that applicants can
formulate and propose alternatives that will meet regulatory requirements.



A Water Supply Planning Vocabulary for the Regulatory Program: Report on a
presentation at the “Virtual Idea Book” workshop for Corps water supply
regulators, Atlanta, GA, March 13 - 14, 2012

Leonard Shabman
Resources for the Future
1. Introduction

This workshop session focused on the need for clarity of definitions to enhance communication among
the regulatory agencies, the natural resource agencies and the permit applicant. The session was
introduced by listing the four topics that would be covered (Figure 1). The presenter emphasized that
the session should be interactive and significant discussion was welcomed and expected.

Vocabulary

* Avalanche of water supply terms

* What is a vocabulary?
* An lllustrative vocabulary

* Can and should 404 process have
a vocabulary?

Figure 1

2. The Problem of Definition

The group was introduced to a draft IWR contract report (Figure 2). That report reviewed the analytical
approaches used by state and local water agencies for assessing municipal water supply needs. The
authors of the report selected a large sample of studies, and reported on how the “need” for new
investments in municipal water supply was estimated. The reviewed studies were at different scales and
served different purposes. Some studies were for regional plans to forecast future needs, but did not
relate those needs to justification for specific projects. The needs analysis is other studies were the
analytical basis for a Section 404 of the Clean Water Act fill permit application.

The IWR contract report was analyzed using “word cloud” software to create an image of the frequency
of terms used in the multiple studies summarized in the draft report (Figure 3). The presentation



emphasized that the report authors simply used the same terms that were used by the entities that
prepared the report that was being reviewed. Apparently many of the reviewed reports did not carefully
define terms and/ or the definition of the term was implied by the context in which it was used. No
definitions were included in the IWR draft document and the contract authors were not obligated or
expected to develop a set of terms that could be used to describe, compare and contrast the way
“need” (a term that itself was not defined) was computed. What was clear, even though not explicitly
stated in the draft report, is that terms are used in different ways by different entities to mean different
things in water supply planning documents.

IWR
Contract

Analytical Approaches Employed by

Re po rt : State and Local Agencies in Assessing
Reviewing

Waler Supply Needs

Analytical
Approaches

Figure 2

used'!

yield

Terms were used in water supply studies and reports
reviewed.

No terms explicitly defined.

Some terms defined implicitly by context of the text.




To motivate workshop discussion a handout (see attachment A) was provided to the group. A discussion
ensued in which the group was asked to react and respond to the questions posed in Figure 4. The group
concluded that all of the terms in attachment A were familiar to them, that in their experience the terms
were not consistently defined and used, and that there could be a problem with inconsistent use of
terms. The central problem identified is that agencies and permit applicants may be "talking past each
other" with the result of wasted analytical resources and extended times necessary to reach a decision.
There was a sense that there even may be disagreements among those at the workshop about what
some of the terms mean. A process for reaching agreement on the meaning of terms for section 404
permitting of water supply project applications might be a useful activity.

Alphabetized List: Handout A

* What terms do you use, or hear used?

* Are they carefully and consistently
defined and used?
—If not, is that a “problem”?
* What is the problem?
—If not, why not?
* Are you confident you know what the terms
mean?

Figure 4

3. Glossary or Vocabulary?

The format for a vocabulary should not be confused with an alphabetical glossary. In a glossary terms
are defined, often without explicit acknowledgment of the relationship of one term to the other. In that
sense a glossary is analogous to a dictionary (Figure 5).

In a vocabulary terms are listed in an order that allows each definition to follow logically from, and build
upon, the definitions that precede it. The motivation for a vocabulary is to not only define, but also to
educate and explain. For this reason the vocabulary may include explanatory text and may include
footnotes and even attachments.

The most significant result of creating a vocabulary, where each term has to have a precise and logical
connection to the terms that precede and follow, is that new terms may emerge, some common terms
used be redefined and some common terms may no longer appear. The presentation suggested that
the process of creating a vocabulary can be a process for clarifying the analytical requirements of the
404 permit process as well as clarifying the decision criteria that will be used for permit decision making
(Figure 6).



Glossary

* “Pick a winner” among competing
definitions

* Organize the list alphabetically

* Put at end or front of the text as a
dictionary-like reference.

Figure 5

Vocabulary

» Terms ordered so that each definition
follows logically from and builds upon
preceding definitions.

* New terms emerge, some common terms
used get redefined and some common

terms no longer appear.
* |ncludes endnotes and discussion

—Vocabulary defines and educates

Figure 6
4. Definitions

At this point in the workshop session there was an interest in considering a process to develop a
vocabulary. Since the purpose of a vocabulary is to provide definitions of key terms the next part of the
session discussed "the definition of definition". This was an admittedly abstract part of the presentation,
but was necessary to make the point that some terms can be defined in ways that can be "objectively"
measured. Other definitions will be for terms that all would agree are “subjective” concepts. A definition
of a subjective term can be understood as focusing attention on the preferences of particular decision



makers (in this specific case the permitting agency, the resource agency, or the applicant) using the term
(Figure 7).

Definitions

* Establishthe necessary and sufficient conditions
for a “thing” to be included asa member of a
specific class (ex. Residential water use).

* Objective definitions of “things”

— In principle can be measured in a scientifically
validated way ( ex. Water supply system yield.)

* Subjective definitions of “things “

— “Safe” can be defined but is manifested only as a
preference of a decision maker ; not measurable.

Figure 7

Figure 8 was presented so that clarifying examples could be offered. One familiar example was the use
of the term safe "safe" as an adjective modifying the term "yield". In principle by using data on stream
flow, pumping capacity, reservoir size, and other such variables the yield of the water supply system
could be computed. If the adjective "safe" is used to modify "yield" an objective term is converted to a
subjective one. As another example familiar to the workshop participants an objectively measurable
term “environmental impact” can also become a subjective term “least environmentally damage”.
Important terms can be subjective even though they may sound objective. The obvious and relevant
example is how the term “need” sounds like something which can be objectively measured, but is in fact
a subjective term. How much water a municipality "needs" can only be defined once one understands
the willingness of that community to accept some level of risk of customer lawns dying from lack of
water or a fire department that losing pressure when trying to fight a fire.

The point made was not that a vocabulary should avoid defining subjective terms; to the contrary, to be
useful a vocabulary must include subjective terms. A comprehensive and properly constructed
vocabulary can reduce confusion in communication; can facilitate factual agreement about “what is”
and - maybe - what might be — projections; and, can separate what is from “what ought to be”,
recognizing the different perspectives and obligations of the permitting agency, resource agencies and
the applicant .



Definitions (cont.)

* Avocabulary caninclude definitions
of both objective and subjective
“things”

—Yield and safe yield
—Water use and need

—Environmental Impact and least
environmental damage

Figure 8

5. Getting Concrete: An lllustrative Vocabulary

At this point the discussion at the workshop transitioned from the conceptual to the concrete. A
handout was distributed and presented to illustrate the vocabulary concept (see Attachment 2). It was
stressed that other terms would need to be introduced into a full vocabulary and that in the process of
introducing other terms to fill out this illustrative example may result in the definitions in the draft being
rewritten. Indeed, this is the point of having a process for developing a vocabulary and as terms are
defined and redefined the very act of developing the vocabulary will help to clarify the expectations for
analysis and the decision criteria that would be applied in the permit review process.

6. Reflections on the discussion

1. If an “idea book” is going to be developed for the permitting process then development of the idea
book should consider a process to develop a vocabulary. As a next step, attendees at the workshop were
asked to submit suggestions for terms to be added to the illustrative vocabulary. Only one term was
submitted by the deadline set at the workshop and so the vocabulary that was distributed the workshop
(Attachment B) has not been edited.

2. A substantial portion of the discussion was focused on whether the US EPA needed to be included in
any process for developing the vocabulary since the definitions that might be established would need to
conform with EPA perspectives, or at least be accepted by EPA. In fact, this particular discussion about
the vocabulary was just a manifestation of a larger discussion about the EPA role in developing an idea
book.



3. The discussion frequently returned to the argument that there already were definitions of key terms
and these were often established in legal rulings or in regulatory guidelines. The assertion was that
those definitions were unalterable and had to be included in any vocabulary; then other terms should be
built off of those unalterable definitions. The alternative view is that the vocabulary should try to
accommodate existing definitions, but would not be constrained in its development by those definitions.
Rather the vocabulary should first be developed so that it is internally consistent, logically constructed
and advances the understanding of the analytical and non-analytical components of any "needs
assessment". At that point those definitions that seem to be at odds with existing definitions could be
identified and A) the vocabulary definition could be modified or B) the vocabulary definition could be
proposed as a replacement for the existing definition. Concern was expressed about path B), based

upon concerns about EPA reactions (see point 2 above) and about the need to hold fast to the current
regulatory definition. Once again, there was an often expressed resistance to deviating from established
“policy” and guidelines when constructing an idea book in general, or a vocabulary specifically.



Attachment A: Partial — Alphabetical - List of Terms Used in Water Supply Planning Reports and

Studies reviewed under CDM contract

404(b)(1) Guidelines
Acceptable Level of Risk
Accuracy

Alternative
Alternative analysis
Alternatives screening
Available Supply
Avoidance

Base demand

Baseline

Benefit

Buffer

Catch All Adjustment
Climate change
Climate variability
Commercial demand
Conservation
Consumptive use

Cost

Critical Drawdown
Critical Drought

Dead Storage
Demand

Demand Area
Demand Curtailment
Demand determinants
Demand Driver
Demand Management
Demand Uncertainty
Drought

Drought contingency plan
Drought management
Drought of Record
Drought protection
Economic Effect

End Use Analysis
Environmental Impact
Expected value

Firm yield

Forecast

Forecast Uncertainty
Gap Analysis

Good Water Management Practices
Historic Hydrology
Historic Inflow

Increasing block rate pricing
Individual System

Industrial demand

In-stream flow

Interruptible Supply Contract
Just in Time Approach

Least Environmentally Damaging
LEDPA

Level of Reliability

Local Water Supply Agency
Long Term Water Conservation
Minimization

Mitigation

Need

Peak demand

Planning Horizon

Population growth
Practicable

Probablistic Shortfall Analysis
Projection

Proofing Water Risk

Purpose

Reliability

Reliability Standards
Reliability Testing

Reliable Water Supply
Requirements Based Planning
Reservoir Storage Reserve
Residential demand

Risk

Safe Yield

Safe Yield Reliability

Safety Cushion

Safety factor

Safety margin

Self Supplied Water
Sequencing

Service Area

Shortage

Shortfall

Shortfall Analysis

Simulation

Social Effect

Stationarity

Storage



Stream Flow Trace
Sustainable
Synthetic Hydrology
Synthetic Inflow
System Design
System Hardening
System load

System losses
System Reliability
Triggers

Two Part pricing
Uncertainty

Unit use rate

Water Availability
Water Consumption
Water pricing
Water Provider
Water Requirement
Water rights

Water Sector

Water Supply Needs Assessment

Water Supply Project

Water Supply Source

Water Supply System

Water Supply System Failure
Water Supply System Output
Water Supply System Performance
Water Use

Water Use Category

Water use curtailment
Water Use Efficiency

Water Use Estimation

Water use forecasting
Water Use Rate

Water User

Water Utility

Water Withdrawal

Yield



Attachment B: lllustrative Water Supply Planning Vocabulary, Version prepared for and distributed at
the March 13, 2012 Workshop

Water provider

A private or public organization with the legal or financial responsibility to deliver potable water to its
water customers (homes, businesses, community facilities, etc.) within a defined service area.

e Permit Applicant is a water provider.
Demand

The combined influence of preferences and values (green lawns and longer showers), socio-economic
conditions (water pricing structure, household size, lot size, income), appliance technology and climate
on the water used by water utility customer during a specified period of time.*

Water use

A measured volume of water delivered by a water provider to its water customers, during a specified
period of time (daily, annual average, peak season, etc.)

e Can be expressed as use/ person or by different customers (use per household, use per office
unit, etc.)

e May be further described by place of water use. Indoor water use is for activities of daily living
such as drinking, cooking, bathing and household cleaning, in residences and businesses.
Outdoor water use is for fire protection, watering lawns, washing cars, etc.

Hydrologic water supply

The temporal and spatial distribution of surface and ground water in a particular region.

e Characterization of hydrologic water supply is made using historic measures of stream flow and
groundwater levels (historic hydrology) or through simulation procedures that can estimate
water supply outside of the historic record.

Water supply system

A water provider’s physical infrastructure, water rights and contractual arrangements that create the
ability to deliver potable water to its water use customers within a defined service area for a specified
period of time.

e  Water rights: legally defined authority to withdraw water from the hydrologic water supply (a
specified river, lake or aquifer, or to make use of reclaimed water) under specified conditions.

1 . . .
Sometimes referred to as demand determinants or demand drivers.
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e Contracts: legal agreements with other providers of water or with entitles having water rights
(ex. Irrigation district) to transfer access to potable or non portable water to the water provider.
e Owned infrastructure: Capacity and operating rules (including drought operation plans):
reservoirs, pumping stations, pipes, purification plants used to capture and deliver potable
water.
Water use forecast

A prediction of the volume of water that customers of the water provider will use at some future time.

e Based on projections of the determinants of demand and how those determinants affect water

USG.2

Water supply system yield

The estimate of the specified volume of potable water ; that a water provider can deliver to customers
during a specified period of time (day, week, month); for a particular hydrologic water supply condition
(historic drought of record, simulated drought); with a described water supply system (existing system,
system with future changes to water rights contracts, infrastructure); before the water delivery is
limited to the inflows to the hydrologic water supply.

e Yield estimates will vary under different scenarios / combinations of assumptions about the
italicized phrases (see: Uncertainty).

e The assumptions made may be explicit or may be implicit and not recognized.
Uncertainty

A choice situation where it is impossible to exactly describe the existing state, a future
outcome, or more than one possible outcome of the choice to be made.

e  Water supply planning and choice making is characterized by irreducible uncertainty when
predicting future demand and water supply system yield.

e Any evaluation of future demand and water supply system yield will either explicitly or implicitly
recognize uncertainty and make decisions under uncertainty.

Analytical Uncertainty:

Limited knowledge attributable to limited data bases or available conceptual and computational
models.

e Some analytical uncertainty can be reduced, at the cost of time and $, with more study. For
example, there can be more study of how a juvenile fish species will be affected by a water
intake, or test wells might better define the structure and water holding capacity of an aquifer.

? Can be simple or complex projection method. There is no assurance that more complex methods will prove more
accurate with hindsight.
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e Some analytical uncertainty is unavoidable. For example, predicting the socio economic profile
of a community be in 30 years).
Socio economic system uncertainty

The influence of factors outside of the water provider’s control that lead to changes in customers’
demographic and economic profile, water using technology, preferences, etc.

Institutional System Uncertainty

Future institutional conditions that may affect the operation of the current water supply system or
ability to expand the water supply system.

e Caninclude uncertain future budget allocations, future regulatory and water rights changes,
future permitting cost, delay and decision rules.
Natural System Uncertainty

The “true” future state of a natural systems, and the result of alterations to those systems, can only
be characterized by a probability distribution of environmental services flows (see: Environmental
damage).’

e Some might want to analytically assign probabilities to this source of uncertainty.
Frequentist or Bayesian statistical methods bound, but do not eliminate, uncertainty.
Water Supply Scenario

A particular combination of assumptions made about future determinants of demand, hydrologic water
supply and the water supply system.

e The number of permutations and combinations of assumptions (i.e. scenarios) is infinite in a
mathematical, but not logical sense. This means that judgment will be used to build only
plausible scenarios.

e Many of the disputes that occur are disputes about the plausibility of the assumptions that
are used to build the scenarios. However, what is plausible to the water provider seeking a
permit may not seem plausible to others. Effective conflict management will seek to narrow
the number of scenarios to a few that all can agree have some degree of plausibility, in
recognition of all sources of uncertainty.

Shortfall Analysis (a.k.a. shortage)

A calculation of difference between a) forecasted water use for a specified period of time (day, month,
quarter, year) and b) the water supply system yield, under a range of different scenarios.*

* These may be open and chaotic systems and not subject to being described in probabilistic terms.

4May be assigned a likelihood using statistical methods and expert judgment.

12



Safe Yield

A specific scenario about hydrologic water supply, future determinants of demand, and the water supply
system that results in reliable delivery of potable water (See: Water supply system relaibaility).

e The definition of safe yield of the current water supply system is the basis for the formulation
and evaluation of alternatives to assure safe yield over a specified planning period.
Need

The USACE regulator’s determination of the current safe yield for which alternatives for future water
supply system reliability should be formulated.

e May differ from applicant’s safe yield, based on the selection of a different scenario as the most
. 5
plausible.
Alternative

A combination of practicable measures predicted (see: Uncertinaty) to eliminate the shortfall (secure
safe yield) under each scenario.

Water use management

Programs to influence the determinants of demand in ways that reduce water use on a
permanent basis (conservation °) or temporary basis (drought contingency measures).

Expanded infrastructure

Dual Water distribution system

Regional System interconnection contracts

Water rights acquisition

Practicable Alternative

An alternative that includes only measures capable of being implemented.

e Practicable describes an action that it is possible to accomplish. Synonym for practicable:
feasible.

> Analysis can help to bring about agreement / understanding of the plausibility of the different scenarios. The
guestion for the regulator is “what do | have to believe to believe the assumptions that constitute any scenario?

® Incentives or regulations for changing outdoor landscaping to reduce the need for outdoor irrigation; Incentives
for homeowners to invest in more efficient appliances and water fixtures
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e |nthe context of water supply xeriscaping to replace all lawns; encouraging homeowners to not
flush after urination or mandating composting toilets would reduce water use, but may not be
deemed practicable by a water provider. However, others may deem one or more of these
actions practicable if accompanied by regulation and incentives; the water provider may not
deem those regulations or incentives practicable.

Water supply system reliability

A reliable water supply system is one that reduces the expected ’ adverse consequences for water
provider’s customers to acceptable levels. Adverse consequences include a) high frequency of
temporary water use restrictions, b) larger costs for a future increment of capacity versus expanding
today, c) expected high permitting costs and limited options for a future water system expansion, d)
inability to become a wholesale water provider to surrounding communities, e) water supply safe yield
as an impediment to community growth.

Preferred Alternative

The alternative that a permit applicant (water provider) expects will assure water supply system
reliability over a specified period of time, within a practicable cost and rate structure.

e For example, incurring the costs for some incremental amount of storage capacity in a reservoir
would be justified to the applicant if they wanted to avoid the adverse consequence (that is,
increase reliability) and avoid having to implement drought contingency measures on a frequent
basis.

e Related is the desire to create, as opposed to respond to, the future. For example, the desire
may be to create large capacity to deliver water in a region in order to foster growth or become
a wholesale seller of water (these kinds of purposes might find its ways into use projections.®

Environmental Damage

The loss of ecosystem / watershed services, relative to current service levels, that results from a change
in watershed structure and function attributable to implementation of an alternative.

e Watershed structure and function: quality weighted wetland area; stream hydrograph; river
connection to flood plain, etc.
e Ecosystem / watershed services: populations of specified species; waste assimilation.

7 Uncertainty and scenarios are embedded in the “expectation”

& Whether this will be the outcome of the supply expansion is uncertain
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LEDPA

The smallest loss of ecosystem services from among a set of USACE-defined practicable alternatives that
result is a USACE-defined reliable water supply.

This may or may not be the preferred alternative of the applicant. Differences can result from a)
different views on what measures are practicable, b) different definition of what constitutes a

reliable water supply system and c) different understanding of and willingness to incur costs to
avoid environmental damage. °

9 . s . .
The costs of avoiding environmental damage as well as the adverse consequences of a less reliable system are
borne by the customers of the water provider.
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Leonard Shabman and Paul Scodari

Towards Integrated Water Resources Management:
A Conceptual Framework for U.S. Army Corps of Engineers

Water and Related Land Resources Implementation Studies

Visiting Scholar Report 20112-VSP-01
Institute for Water Resources

February 2012

http://www.iwr.usace.army.mil/Portals/70/docs/iwrreports/2012-VSP-01.pdf
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‘ Visiting Scholar Program

Throughout its history, the Institute for Water Resources (IWR) has invited preeminent water resources
academicians and practitioners to take up residence at the Institute to foster scholarly exchange. At any
given time, IWR frequently has faculty from universities spending time in residence at the Institute. Both
IWR and the Corps benefit from such faculty engaging in ongoing water resources studies and research
on a reimbursable basis. Visiting scholars are expected to help infuse new energy and ideas to the IWR
program, while the practical work environment at IWR and/or the Hydrologic Engineering Center (HEC)
provides a stimulating context for mutual exploration of potential advances in hydrologic engineering and
planning analysis. Such experiences have proven to be intellectually invigorating for both the Institute staff
and the visitors themselves.

American Association for the Advancement of Science

Science and Technology Policy Fellows Program

Through the American Association for the Advancement of Science (AAAS) Science and Technology Policy Fellows
Program, IWR sponsors post-doctoral and senior fellows to work on water resource policy issues such as analyzing
the linkages between water resources development and water resources problems (e.g. drought, floods) and the
economies of developing nations. Individuals with a systems engineering, economics, public participation or water
resources background are especially encouraged to apply. This highly selective fellowship program gives scientists
and engineers a real-world introduction to how science interacts with policy in Washington.

Leo R. Beard Visiting Scholar Program

For many years, the Hydrologic Engineering Center (HEC) has invited prominent hydrologic and hydraulic
professionals to take up residence at HEC in Davis, CA to foster scholarly exchange. Faculty from a number of
universities have spent some of their sabbatical with HEC and on occasion HEC has also had prominent engineers
from other agencies join the Center in the same capacity. The experience and the exchange of ideas that these
scholars bring to HEC have proven to be intellectually satisfying and productive for both HEC staff and the visitors
themselves. Such scholars in residence are known as "Leo R. Beard Visiting Scholars."

Maass-White Visiting Scholar Fellowship

The Maass-White Visiting Scholar Fellowship is designed to ensure that today’s water resources challenges benefit
from innovative thinking of the nation’s top academics, and to promote a deeper understanding of real-world water
resource problems by those in academia. The fellowship honors the late Arthur Maass and Gilbert F. White—two
scholars who had a revolutionary impact on the practice of water resources planning and management.

National Research Council Research Associateship Program

Through the National Research Council (NRC) Research Associateship Program, IWR sponsors postdoctoral and
senior research awards to conduct relevant research for one to two years at one of IWR's locations. Fellowships are
given for the purpose of conducting research (chosen by the doctoral level scientists and engineers) to apply their
special knowledge and research talents to areas that are of interest to them and to the host laboratories and centers.

UCOWR Water Resources Fellowship

The Universities Council on Water Resources (UCOWR) and IWR developed a visiting scholar program in 2003.
The program invites academicians to the Institute to focus on emerging water resource issues of relevance to the
civil works mission. While on sabbatical these scholars are expected to perform applied, policy-relevant research to
extend the Corps of Engineers knowledge of and thinking about emerging water resources needs and issues.
UCOWVR Fellows, chosen via a UCOWR/Corps panel, are university professors who have substantial applied
experience in water resources planning and management, as well as strong teaching credentials.

Lieutenant General Frederick J. Clarke Fellowship

Lieutenant General Clarke (Chief of Engineers 1969-1973) was instrumental in securing expert, independent advice
on environmental issues facing the Corps by founding the Environmental Advisory Board (EAB). The Corps plays an
increasingly important role in many of the most profound environmental issues faced by our nation's water
resources. The Clarke Fellowship recognizes that USACE will need the advice of our nation's brightest scholars to
ensure that these environmental issues are tackled with the utmost skill and understanding. The fellowship provides
scholars with the opportunity to engage with and advise USACE leaders on important policy issues related to their
environmental mission. Clarke Fellowships are awarded to researchers who have demonstrated scholarship in the
areas of environmental quality and policy analysis in water resources planning.



Visiting Scholar Program

February 2012

Towards Integrated Water

Resources Management

A Conceptual Framework for U.S. Army
Corps of Engineers Water and Related Land
Resources Implementation Studies

2012-VSP-0l

Dr. Leonard Shabman

IWR Visiting Scholar,

Former IWR Maass-White Scholar (2004-2006)
Resident Scholar at Resources for the Future

Paul Scodari
IWR Senior Economist
Institute for Water Resources

This report does not reflect policy development by the U.S. Army Corps of Engineers, and its publication does not
represent any official position or policy of the Executive Branch, Department of the Army, U.S. Army Corps of
Engineers, or IWR, nor does it imply any endorsement of the report contents by those entities. The report reflects
the views of the authors alone and is written in the form and structure of current Corps planning guidance in order
to help readers to identify how and where IWRM principles could be woven as an integrated process into the Corps

planning framework.

FWR

US Army Corps . )
of Engineers ® www.iwr.usace.army.mil






Table of Contents Towards Integrated Water Resources Management

Table of Contents
FOIWANT ...ttt ettt b et e b e s be et e e Rt eeb e et e ebe e st e e nbeebeenbeaneenreas 1
MOTIVALION ANA PUIMPOSE ...ttt bbbttt 1
Some Reflections on the FrameWorK ... 2
REQUEST TOr COMIMEBNTS.......eiiiiiiieieiie ettt et e st e be s e nreebeenes 3
Towards Integrated Water Resources Management: A Conceptual Framework for U.S. Army
Corps of Engineers Water and Related Land Resources Implementation Studies......................... 5
YT £ o] T R T [¥ o4 A T o P TP PRRTRTI 5
Section 2. Federal Interest EvValuation Criteria........c.cccoviiereiieiieeriiie e see e 6
2.1 Primary EValuation Criteria........ccciueieeiieiieii ettt nne e 6
2.2 Additional EValuation Criteria........ccoiiiieiieiieie ettt st 6
Section 3. Overview of Planning PrOCESS ..o 7
X T0 Yoo [0 Tox o] o TP PSPPSR 7
IS 1ol o] 14T RSP URRTRRP 7
Section 4. Analytical Elements of Planning ... 15
4.1 Specification of Problems and OpPortuNIties ..........ccccevvevieiieiecie e, 15
4.2 Inventory Current and Forecast Future Without-Project Water & Related Land
RESOUICES CONAITIONS. ... .ottt bbbt 16
4.3 Formulation of ARErNative PIANS...........ccoiiiiiiiecese e 16
4.4 Evaluation of ARErNative PIANS ..........ccoiiiiiieiiec e 19
4.5 Plan Display and COMPAIiSON.........ccueiiueieaierieesieeieseesieeseeseesseaseesseesssessesseessesssesseesseens 22
4.6 Plan reCOMMENTALION. .......coiiiiieiie ittt ens 25
Appendix A: Formulation and Evaluation of Alternatives Affecting Floodplains, Flood Risk
Management, and PUDIIC SAfEtY ........ccov i 27
Appendix B: Objectives and Evaluation in Civil Works Planning Studies............cccooevvveninnenn. 31
Lo L0 PSSP 41
Figures
Figure 3-1: Scoping for Addressing Uncertainty in Planning ...........ccooooveiiiiiencnncscnens 11

U.S. Army Corps of Engineers Y Institute for Water Resources






Forward Towards Integrated Water Resources Management

Forward

Motivation and Purpose

The U.S. Army Corps of Engineers (Corps) has long been required to demonstrate that its proposed
water resource development projects provide net benefits to the nation as a condition for Congressional
authorization and funding. The Corps was instructed by the Rivers & Harbors Act of 1902 to show in
project planning studies that recommended water resources investments produced benefits that
exceeded costs. This general principle was famously reiterated by the Flood Control Act of 1936, which
stated:

“It is hereby recognized that destructive floods upon the rivers of the United States, upsetting
orderly processes and causing loss of life and property, including the erosion of lands and
impairing and obstructing navigation, highways, railroads, and other channels of commerce
between the States, constitute a menace to national welfare; that it is the sense of Congress
that flood control on navigable waters or their tributaries is a proper activity of the Federal
Government in cooperation with States, their political sub-divisions and localities thereof that
investigations and improvements of rivers and other waterways, including watersheds thereof
that for flood-control purposes are in the interests of the general welfare; that the Federal
Government should improve or participate in the improvement of navigable waters or their
tributaries including watersheds thereof, for flood-control purposes if the benefits to
whomsoever they may accrue are in excess of the estimated costs, and if the lives and social
security of people are otherwise adversely affected.”

Since that time there have been multiple efforts to interpret the Congressional intent within Corps
guidance for project planning studies. Perhaps the greatest challenge has been to reflect the concept of
multiple objectives (as alluded to in the quotation above) in plan formulation and evaluation. This was a
major focus of the Harvard Water Program in the 1960s, and its ideas for multi-objective planning were
manifested in Corps planning guidance in the early 1970s under the so-called Principles and standards
for planning water and related land resources. However, subsequent federal water planning guidance
set out in the 1983 Economic and environmental principles and guidelines for water and related land
resources (P&G) moved away from a multiple objective focus by defining a single federal objective based
on national economic development, subject to an environmental protection constraint.

Since publication of the 1983 P&G planning framework, the Corps’ role in water resources planning and
management has continued to evolve in response to changing public values and program budget levels
and priorities, and the cost sharing reforms of 1986. The Corps has made significant changes to
modernize its internal plan formulation and evaluation procedures and analytical methods. Perhaps
most significant was the creation of planning and analysis procedures to implement a new ecosystem
restoration mission, to accompany the Corps’ historic responsibilities for enhancing waterborne
commercial transportation and flood and coastal storm damage reduction.

Today, the concept of “Integrated Water Resources Management” (IWRM) is being advocated as a
better way to approach the challenges of 21* century water management, and many observers have
noted that current Corps planning guidance falls short of that ideal. The so-called Section 216 reports
from the National Research Council noted the need to re-focus attention in planning studies to multiple
objectives and tradeoffs, better account for uncertainty, and accommodate the concepts of adaptive
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management, stakeholder collaboration, and systems analysis for watershed scale planning and
evaluation. Recent literature on “ecosystem services” provided by the natural environment has been
offered as yet another concept to be considered in Corps planning. These planning concepts and more
are encompassed by the principles of IWRM.

To facilitate movement toward an IWRM focus in Corps planning studies, a conceptual framework is
needed that will allow the Corps to review, and as needed modify and extend, its current practices and
then organize those practices according to IWRM principles That framework must also accommodate
the reality that the Corps remains bound by the particular ways its studies and projects are authorized
and funded, which not only circumscribe the missions of the agency, but also affects the ways in which
modern planning concepts can be accommodated in plan development and implementation. This
framework is offered in order to stimulate discussion and further dialogue on how contemporary
concepts of IWRM might be integrated into Corps planning.

The framework contained in this report is written in the form and structure of current Corps planning
guidance in order to help readers to identify how and where IWRM principles could be woven as an
integrated process into the current Corps planning framework. The conceptual framework was prepared
by Leonard Shabman, Resident Scholar at Resources for the Future and Visiting Scholar at the Corps’
Institute for Water Resources (IWR), and Paul Scodari, IWR Senior Economist.

Some Reflections on the Framework

Among the most important challenges faced in revising Corps planning and analysis guidance to reflect
contemporary concepts of IWRM are the following:

1. The need for the planning framework to recognize and accommodate the authorized Corps missions
and policies (e.g., cost sharing requirements of non-federal project sponsors) that would remain
unaffected by any changes to the planning process.

2. The need to better acknowledge and communicate the uncertainties inherent in the analyses that
support water resources investment decisions, including possible recognition of multiple possible
future “without project conditions.”

3. The need to clearly define the Corps’ role in ecosystem restoration relative to that of other federal
and non-federal agencies.

4. The need to clarify the Corps' role in flood risk management relative to that of other federal and
non-federal agencies.

5. The need to recognize that multiple decision criteria measured in non-commensurate terms
(monetary units, non-monetary quantitative units, and qualitative descriptions) and shared decision-
making means that plan selection cannot be determined by applying an analytical algorithm that,
through computation, identifies the “best” plan.

6. The enhancement of collaborative planning and shared decision-making will be realized by a)
incorporating different agency responsibilities in plan formulation, b) increasing the transparency of
the logic and computations in the analysis, and c) assuring that multi-criteria evaluation and
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analytical tools (such as monetization of project effects) contribute to reconciliation of disparate
views and lead to more expeditious decision-making.

Of particular note is that all of the challenges are treated within the framework as an integrated process
as opposed to being addressed as isolated subjects. In fact, the imperative was to have a framework that
incorporated the many individual planning concepts central to IWRM, not as a list of considerations, but
rather as part of an integrated whole that recognizes interdependencies and has a consistency of
definitions. As one example, the framework relates the definition of adaptive management, and where
that concept applies in plan formulation, to the ways that uncertainty is addressed in the planning
process.

Incorporating IWRM concepts, especially for complex water resources problems, would add to the
requirements of a planning study at the same time that there are demands on the Corps for shorter-
duration and less-costly studies. Any further development of the conceptual framework must
accommodate the need to reconcile the level of detail required by the framework with study time and
resource constraints.

Finally, new imperatives for collaborative planning will highlight, not mask, differences among decision
participants in the identification of planning problems, opportunities, and preferred solutions. This in
turn will highlight differences of view about the meaning of the federal interest and how multi-objective
plan formulation and multi-criteria evaluation can be used in federal budgeting decisions and financing
responsibilities for the different actions included in a preferred alternative. At the same time, the
collaborative planning requirements may demand a new set of skills and new decision processes
throughout the Corps hierarchy.

Request for Comments

The conceptual framework is being published as part of IWR’s Visiting Scholar Program in order to
stimulate thoughtful dialogue and to facilitate the exchange of ideas relevant to integrating
contemporary concepts of IWRM into civil works planning guidance and practice. Corps staff, other
federal agency and non-federal agency staff, and the general public are asked to share their
observations and insights on any part or the entirety of the framework. Submitted comments can relate
to the clarity, substance, or workability of the framework or parts thereof. Comments should be
submitted electronically to Paul Scodari (paul.f.scodari@usace.army.mil).

In doing so, please note that the publication of this report by IWR does not represent any official policy,
position, or endorsement of the report contents by the Executive Branch, Department of the Army, Army
Corps Engineers, or IWR.

In reviewing the framework and in consideration of this request for comments, the following additional
factors should be kept in mind. First, there is more conceptual thinking behind many sections of the
framework than can be fully elaborated on within the framework. Some of that thinking is partially
reflected or at least alluded to in the explanatory endnotes as well as in the two issue papers included in
the appendices. Therefore, readers are encouraged to consult the framework endnotes and appendices
when reviewing the document.

Second, the framework is intentionally Corps-centered, and it is recognized that some have argued that
Corps planning need not be constrained by authorized Corps missions and administration budget
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priorities. Whatever the conceptual merits of this argument, the authorized Corps mission areas need
to be highlighted, and the limits of Congressional authorization and the reality of cost sharing with non-
federal project sponsors need to be accommodated.

Third, the framework focuses on project level planning, but within a watershed context. The Water
Resources Planning Act of 1965, which created the authority for the existing P&G, draws a distinction
between Level C (project) and Level B (basin scale) planning. Level C planning is what is addressed by
the framework. Programmatic authorizations are more like Level B studies in that they establish the
broad guidelines for the Level C planning and project implementation; the programmatic regulations of
the Comprehensive Everglades Restoration Plan are an example of how that relationship might work.
The possible contribution of this framework to programmatic planning and implementation (a blend of
level B and C) has not been addressed here, but could be as logical future actions.

Finally, trends in the relative share of the Corps budget dedicated to construction-general versus
operations and maintenance, combined with aging Corps-managed infrastructure and increasing
attention to project re-operation and modifications to address emerging problems and opportunities
(e.g. sustainable rivers program, water supply reallocation), mean that Corps planning guidance will
increasingly be applied to modifications of existing projects as well as to project operations and
management. This will increase the need for attention to collaborative planning, because recommended
changes will need to take into account and secure agreement from the stakeholders served by the
current project operations as well as the beneficiaries of the outcomes associated with potential
changes in project operations.

This report should be cited as follows:
L. Shabman and P. Scodari. 2012. Towards integrated water resources management: A conceptual

framework for U.S. Army Corps of Engineers water and related land resources implementation studies.
Working Paper. Institute for Water Resources. U.S. Army Corps of Engineers.
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Towards Integrated Water Resources Management: A Conceptual
Framework for U.S. Army Corps of Engineers Water and Related Land
Resources Implementation Studies

Section 1. Introduction

a. Purpose. This framework is for use by the U.S. Army Corps of Engineers (Corps) in formulating,
evaluating, displaying, comparing, and recommending alternative plans in water and related land
resources implementation studies. It is to be applied to project-level study authorities for the
purpose of determining the federal interest in new and modified water resources investments and
operations.

b. Planning resources. This framework requires the practical application of contemporary planning
and analytical procedures in hydrology, engineering, economics, planning, the biological sciences,
and other natural and social sciences for plan formulation, evaluation, and comparison within the
civil works missions and authorities of the Corps.

¢. Planning guidance. For purposes of conducting implementation studies, the Secretary of the Army
will issue Corps-specific guidance on analytical procedures that that will implement this
framework in consideration of:

e Available study times and resources,

o The level of detail in the study reports required for informed decision-making at all levels of
the decision hierarchy, and;

e The need to assure the transparency of the analysis to non-federal sponsors and other
agencies and stakeholders, and assure their engagement in the planning process at
appropriate junctures.
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Section 2. Federal Interest Evaluation Criteria

2.1 Primary Evaluation Criteria

The following effects of alternative plans shall be evaluated and used as primary federal evaluation
criteria in plan display, comparison, and decision-making:*

a. National environmental quality (NEQ) effects. NEQ effects represent the positive and negative
changes in the physical, chemical, and biological conditions of the nation’s water and related land
resources at the watershed scale, as measured in non-monetary units. 2

b. National economic efficiency (NEE) effects. > NEE effects represent the positive and negative
changes in the economic value of water and related land resources” or the economic value of the
national output of goods and services produced using these resources, as measured in monetary
units.

2.2 Additional Evaluation Criteria

The following effects of alternative plans will be evaluated and reported as additional federal evaluation
criteria in plan display and comparison. The District Engineer may determine that one or more of these
additional evaluation criteria are neither applicable nor material for decision-making, but must provide a
statement in the report justifying that determination.

a. Public safety effects. These effects represent the effects of flood and coastal storm damage
reduction plans, as well as other types of plans when warranted, on the reduction of and
remaining risks to human life and safety, as measured in non-monetary units and/or qualitative
descriptions.

b. Other environmental quality effects. These effects include effects on significant cultural and
aesthetic resources, as well as sub-watershed-scale ecological resources, as measured in non-
monetary units and/or qualitative descriptions.®

c. Effects on low-income, tribal and minority communities. These effects include the incidence of
national economic efficiency effects, national environmental quality effects, public safety effects,
and other environmental quality effects—as measured in the units for these evaluation criteria
outlined above— on low-income, tribal, and minority communities. These effects also include any
employment and income effects on these population groups, as measured in monetary and non-
monetary units.®
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Section 3. Overview of Planning Process
3.1 Introduction

The planning process consists of a series of iterative elements to identify problems and opportunities, to
formulate and evaluate alternatives as combinations of water and related land resource management
measures that are reasonably expected to address the problems and opportunities, and to display and
compare the results of the evaluations of alternative plans. The product of the planning process is
analysis and communication of the significant effects of each alternative plan with clarity and
transparency sufficient for decision participants and decision-makers to be fully aware of the
assumptions employed, the data and information included in the analysis, and the reasons and
rationales for their use in analysis.

a. Planning elements. The planning process includes the following analytical elements in support of
decision-making:

(1) Specification of the water and related land resources problems and opportunities relevant to
the planning setting.

(2) Inventory, forecast, and analysis of current and expected future water and related land resource
conditions (that are relevant to the identified problems and opportunities) within the planning
area if no Corps civil works action is taken (the future, without-project condition).

(3) Formulation of alternative plans to alleviate problems and realize opportunities.

(4) Evaluation of the effects of the alternative plans on the problems and opportunities and on the
federal evaluation criteria, as compared with the without-project condition.

(5) Display and comparison of significant effects of alternative plans to facilitate the selection of a
preferred plan.

(6) Recommendation and reporting of a preferred plan

b. Iterative Process. Planning is a dynamic process requiring iteration among the five planning
elements that engages all the technical specialists and analysts, those responsible for decision-
making, and other relevant agencies and stakeholders. This iterative process may sharpen the
planning focus or change its emphasis as new data are obtained or as the specification of
problems or opportunities change or become more clearly defined. Consideration of each
element in the process may require previous elements to be revisited.

c. Planning results. The study report that recommends a plan that would require Corps budgetary
support or changes to existing project operations must a) justify the plan using the analysis of the
plan according to the federal evaluation criteria, and b) provide assurances that any measures in
the plan that are to be implemented by non-Corps entities (public or private) will be undertaken
by those.

3.2 Scoping
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Towards Integrated Water Resources Management Overview of Planning Process

There needs to be an early and open "scoping" process as soon as practical after a decision is made to
begin planning. This process is complementary with the scoping process described in the CEQ NEPA
regulations (40 CFR Parts 1500-1508).

The purpose of scoping is to obtain the perspectives of other agencies and stakeholders and to consider
those perspectives in preparing a study plan that identifies a clearly understood and broadly supported
focus and scope of analyses to be undertaken in support of decision-making, and ensure that all
significant decision-making factors are addressed while avoiding unneeded and extraneous studies.
(Section 3.2.1.e. describes the engagement of non-Corps parties in the planning process.)

3.2.1 Major Scoping Factors

Major factors to be addressed in scoping include: planning purpose, planning area, analytical focus and

level of detail, accommodation of uncertainty, and engagement with other agencies and stakeholders in
.7

planning.

a. Planning purpose. Planning purpose refers to the water resources management problems and
opportunities to be addressed in a planning study. The starting point for identifying the planning
purpose(s) is the study’s authorizing document, which normally identifies in general terms the
area-specific problems and opportunities for study. While there may be a wide range of
potential water-related problems and opportunities in any planning area, the Corps must
necessarily focus its planning around those problems and opportunities that are consistent with
Corps authorities and priority missions.

b. Planning area. The planning area refers to the specific geographic area where alternative plans
to address problems and opportunities are formulated and evaluated. The planning area should
include the geographic scope necessary for analyzing the nature and extent of problems and
opportunities, as well as potential locations of alternative management plans to alleviate
problems and realize opportunities (often called “project areas”) as well as the locations of
resources and existing projects that would be directly, indirectly, or cumulatively affected by, or
that could affect, the alternative plans (often called the “affected area”).

A systems perspective should be taken to define the planning area.® The planning area should
be of sufficient size to permit the assessment and evaluation of the hydrologic interactions of a
project with other water resources projects and programs. The 8-digit Hydrologic Unit Code
should be initially used as the appropriate watershed scale,’ but planners should assure that the
planning area includes potential significant hydrologic interactions of plans with existing civil
works projects in other watersheds.

In some cases, considerations other than hydrologic interaction may contribute to defining the
planning area. For example, the planning area associated with inland navigation waterways and
related harbors are likely to include the regional transportation sector, including alternate and
complementary modes of transportation as well as directly related harbors. As another
example, if a wildlife species of interest is identified for management, the relevant eco-region
that defines the species habitat throughout its life cycle may not coincide with watershed
boundaries.
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(1)

(2)

Analytical focus and level of detail. In general, the focus, methods, and level of detail and
complexity of planning analyses should be commensurate with the scale, scope, and magnitude
of problems and opportunities and expected management effects, budget costs, analytical
uncertainties, and levels of stakeholder conflict that might be expected to attend a potential
decision. At the same time, the level of detail and complexity in planning analyses must
necessarily be scaled to match the available study resources.

Addressing uncertainty. An important part of scoping is an initial determination (subject to later
revision) of how uncertainty will be addressed in planning.

Uncertainty is the result of imperfect knowledge concerning the present or future state of a
system. The concern with uncertainty in civil works planning relates to the “cost” of decision
error—that is, while a decision today will be made with the expectation of positive future
outcomes, there is the possibility that the decision may prove to have unacceptable future
adverse consequences. Adverse consequences are often thought to include, although not
limited to, undesired ecosystem changes, loss of human lives, property damages and income
losses. In a broader context, adverse consequences also include the commitment of current
resources that may not achieve intended results (e.g., navigation investments undertaken today
may not realize the projected transportation cost savings because the anticipated increased
future navigation traffic never materializes; or actions taken to modify the future structure and
functions of an ecosystem may not yield the intended biological outcomes). Therefore, it is not
uncertainty itself that is the concern; rather, the concern is about the magnitude of possible
future adverse consequences (i.e., costs) from a decision. Two basic sources of uncertainty are:

Knowledge uncertainty. Knowledge uncertainty refers to the confidence in an analytical
prediction of a future state of some system. Knowledge uncertainty arises from incomplete
understanding of a relevant system as well as modeling and data limitations. Some knowledge
uncertainty is reducible in principle with more data and the development of more complete
models for data analysis and prediction. However, reducing knowledge uncertainty may require
greater costs and time than is available to the study.

Natural variability. There is inherent variability in the physical world and this “randomness” is
irreducible. In the water resources context, uncertainties related to natural variability include
phenomena such as stream flow, assumed to be a random process in time, or soil properties,
assumed to be random in space. Natural variability cannot be altered by obtaining more
information, although its characterization might improve with additional knowledge. Natural
variability is sometimes dealt with by statistical or probabilistic methods. *°

Figure 3-1 illustrates three different paths for addressing uncertainty in planning, and at the
scoping stage one path will be selected. As part of the scoping process, and as one basis for
choosing a path, an inventory will evaluate the quantity and quality of models and data required
for specification of identified problems and opportunities, for forecasting with- and without-
project conditions, for identifying potential alternatives for addressing the problems and
opportunities, and for evaluating alternative plans. While an initial scoping decision will select
one path (in consideration of the necessary level of analysis detail, available resources, and
available data and models), at any point in the iterative planning process a decision may be
made to shift from the initially chosen path for addressing uncertainty to another path. The
District Engineer (DE) in the final report must provide a statement justifying the path chosen.
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Path 1: When there is little uncertainty or when the potential future adverse consequences of
making a wrong decision are judged to be acceptable, then each planning element will be
executed using best professional judgment for making point estimates of without-project
conditions and with-project plan effects on problems, opportunities, and the federal evaluation
criteria.'! This could be augmented by using sensitivity analysis to identify how estimates of plan
outcomes would change with variation in one or more key parameters relating to the estimated
future, without-project condition.

Path 2: If the potential adverse consequences of decision error are judged to be unacceptable,
but the distribution of possible plan outcomes can be reasonably characterized statistically with
available study resources, planning should employ a risk analysis framework. Risk analysis will
assign probabilities to possible future conditions and outcomes using expert elicitation or
statistical data analysis, and report the range of possible outcomes and their likelihoods for the
without-project conditions and with-project plan effects on problems, opportunities, and the
federal evaluation criteria.

Path 3: If the potential adverse consequences of decision error are judged to be unacceptable,
and the level of uncertainty makes it impossible to credibly characterize the statistical
distribution of possible plan outcomes, planning should build premise-based scenarios for
reporting without-project conditions and with-project plan effects on problems, opportunities,
and the federal evaluation criteria. ** A decision to employ scenario analysis to address
uncertainty might be made during the scoping phase, or might come later in the planning
process when it becomes apparent that uncertainty has important implications for plan
formulation, evaluation, and decision-making. Under such conditions of uncertainty, if there are
opportunities to formulate a plan that approaches problems and opportunities with incremental
implementation, then adaptive management measures can be included in one formulated
alternative. Conversely, if there is no opportunity for incremental implementation, the analysis
should report how different alternatives address problems and opportunities and contribute to
the federal evaluation criteria under different scenarios. **
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Figure 3-1: Scoping for Addressing Uncertainty in Planning
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If incremental investment is
possible, formulate an
adaptive management plan
and carry forward

If incremental investment is
not possible, formulate a plan
that is “robust” across all
scenarios and carry forward
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Towards Integrated Water Resources Management Overview of Planning Process

e. Engagement with other agencies and stakeholders. As part of the iterative process, other
agencies and stakeholders may be engaged to help inform the specification of problems and
opportunities, engage in joint fact-finding, suggest alternative plans, and participate in the
formulation, evaluation, comparison, and recommendation of alternatives. The Corps will
engage with other agencies and stakeholders in different ways depending on project
circumstances. The degree of engagement varies from holding public meetings to full
integration of stakeholder involvement into each step of the planning process.™

(1) Parties to engage

a) Cost share partners. Those non-federal agencies or other legal entities that are legally
obligated to participate in plan development or provide funds or in-kind support for plan
development or project implementation must be engaged in the planning process.

b) Other federal and non-federal government agencies. Civil works projects and their
operations have limited capacity to alleviate problems and realize opportunities on their
own. Whether in the area of flood damage reduction and risk management, reliable
water supply, or ecosystem restoration, the authorities of the Corps are either limited
(as in the areas of water quality improvement, urban river restoration, and floodplain
regulation) or there are other agency programs that can bring expertise and funding to
the development of alternatives (e.g., FEMA). The completeness criterion (which is
addressed later in this framework) demands attention to including other agency
program measures in plan formulation. However, there are often differences in program
missions and the analytical approaches and decision criteria used among the Corps and
other agencies. Engagement with other agencies (both federal and non-federal) that are
not cost share partners in the scoping process will increase the understanding of their
respective programs and allow for consideration of those programs in plan formulation.

In addition, interagency engagement will allow agencies with different missions and
responsibilities than those of the Corps to participate (see options for engagement) in
plan formulation. Such participation will recognize a broad range of interests with the
potential to formulate and recommend a plan that will minimize opposition to plan
implementation.

c) Other stakeholders. Agencies of government, non-governmental organizations, as well
as individuals can represent those who will obtain benefits from alleviating problems
and realizing opportunities, or who will bear the financial costs or other adverse
consequences of any alternative plan. In addition, there may be organizations that are
created specifically to include diverse stakeholder interests (e.g., Missouri River
Recovery Implementation Committee).

(2) Options for engagement.” The following terms describe different levels and forms of agency
and stakeholder engagement, including but not limited to engagement with the non-federal
project sponsor. Whatever the level and form of engagement, some commitment to effective
communication enhances the chance that the preferred alternative (plan) will earn support from
those most directly affected by a recommended plan. Many formats for agency and stakeholder
communication exist and these can be tailored for each of these levels and forms of
engagement.®
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a) Inform. Communication generally is from the Corps to stakeholders in open public
meetings, and the burden is often on the stakeholders to attend the meetings, review
information, and provide comments. It is helpful to ask stakeholders during scoping
what they perceive to be problems, opportunities, and possible alternatives, and how
they wish to be informed as planning proceeds. At each point in the planning process
there should be information provided on the progress of the planning process, including
what problems and opportunities are the focus and what alternatives are being
formulated and evaluated.

b) Consult. The Corps project manager identifies particular organizations, agencies and
individuals who are to be consulted with throughout the planning process, seeking their
input, considering their concerns and suggestions, and reporting back on what advice
was taken, what was not, and why. Engagement of this level and form will almost always
be the minimum necessary with the non-federal project sponsors. Whether consultation
of this form should be extended to others will be based on a situation assessment [see
(3) below].

c) Involve. The Corps project manager identifies particular organizations, agencies, and
individuals who will be engaged in a dialogue dedicated to reaching agreement to the
extent possible on any matter related to planning, but without an explicit commitment
to make reaching agreement a condition for moving forward in the planning process.
Engagement of this level and form generally is expected by the non-federal project
sponsor.

d) Collaborate. The Corps project manager will identify particular organizations, agencies,
and individuals who will participate on the planning team in a shared planning process,
with a commitment to seek mutual agreement on analyses related to any step in the
planning process. At this level of collaboration, the Corps project manager should
consider adoption and implementation of a “Shared Vision Planning” (SVP) or similar
process as a possible format for collaborative analysis and planning.

e) Shared decision-making. The Corps project manager identifies those organizations,
agencies, and individuals who will have recognized authority or ability to affect the
choice of a recommended alternative and/or to implement measures that are part of
that alternative. With shared decision-making, the expectation is that there will be a
requirement for agreement on all elements of the planning process before a preferred
alternative can be recommended and implemented. At this level of engagement, the
use of a SVP process, or elements therein, should be fully considered and employed as
study resources permit.

(3) Choosing among engagement options. No single engagement approach is appropriate for all
situations or for all relevant stakeholders and agencies. In addition, the options for engagement
are subject to situation-specific state and federal laws regarding such matters as “government in
the sunshine” and the structure of advisory committees. Also, the form and level of engagement
may vary at different stages of the planning process. During scoping, the Corps project manager
should inventory possible agencies and stakeholders and consult with them about the level,
form, and timing of their engagement. In particularly controversial situations, it may be useful
to ask an independent and impartial professional to conduct the assessment. This situation
assessment then provides the basis for the choice of how to engage with each possible agency
or stakeholder group.
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a) Situation assessment. A situation assessment may be informal or formal, depending on
the scale of the project. The larger or more controversial the project, the more benefit
there is in preparing a written assessment document as a basis for gaining a shared
understanding of the rationales and expectations for the engagement approach taken
with each agency or stakeholder group. Assessments can include initial individual
conversations, public meetings, and/or other tools to fully understand and identify the
parties that may be affected, the problems and opportunities that are most relevant to
these parties, their degree of interest in participating (see levels and forms discussion
above), and to identify opportunities for and obstacles to their participation, including
time and resource constraints. Information associated with the choice factors below
also should be obtained. Educating stakeholders about options for engagement can
help them to make an informed decision about how they wish to participate.

b) Choice factors. Factors to consider when making choices on the level and form of
agency and stakeholder engagement for each planning element include: the public
significance of the project, amount of investment, scientific or technical complexity of
the issues and/or degree of uncertainty, degree of controversy and/or relationships
among parties (including numbers of parties, cultural diversity, balance or imbalance of
power, types of expertise, and resources), time available for consultation within project
deadlines, agency staff and budget resources to engage in collaboration, and the
preferences of cost share partners and other agencies and stakeholders.’

c) Agreement on engagement. A situation assessment will lead to agreement with
agencies and stakeholders on the following.

i. The objectives for engagement, what products are anticipated, and how outputs
will be used and by whom in the final decision?

ii. Who will participate and in what roles (e.g., as representatives of an interest
group, as individuals, as experts, etc).

iii. What processes would be effective and preferred by those participating and
what specific procedures and ground rules for engagement will be utilized.

iv. How analytical results will be reviewed and used in the planning elements and
what mechanisms will be used for determining the credibility and usefulness of
analyses.

v. Timing and locations of engagement, under whose auspices meetings are held,
and other logistics of involvement.
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Section 4. Analytical Elements of Planning **

4.1 Specification of Problems and Opportunities

Basis. Initially, statements of problems and opportunities will reflect the specific instructions in the
study authority, in other instructions by the Congress or the Executive Branch, and with
consideration of the expectations of the non-federal project sponsor. The problems to be
alleviated and opportunities to be realized should be specified for the planning area as defined in
the scoping process. In the process of describing problems and opportunities, the planning area
may be adjusted to accommodate new understandings of physical, biological, and economic
relationships.

Focus and scope. Corps planning will be directed to addressing problems and opportunities (i.e.,
planning objectives) consistent with Corps statutory authorities and priority missions.

Corps authorities and priority missions include the following general categories of planning
objectives:

a) Protect and restore the life support services of nationally significant ecological resources, in
cooperation with other federal and non-federal programs and activities, through the
management of watershed hydrology and/or geomorphology.

b) Enhance flood and coastal storm damage reduction and risk management, in cooperation
with other federal and non-federal programs and activities.

c) Increase the efficiency and reliability of the national transportation system through
investment in and operation and management of inland waterways and harbors.

Additional problems and opportunities can be considered in implementation studies if directed by
the study authorization, or if they serve agency and stakeholder concerns as long as these
problems and opportunities do not conflict with the purposes of the study authority. Possible
examples include: a) contribute to reliable water supply for municipal, industrial, and agricultural
uses, and b) contribute to renewable energy supply by the production of hydro-electric power. In
some cases, stakeholder-defined problems and opportunities may be outside the federal interest
(e.g., waterfront renewal), but measures to address the stakeholders’ desires can synergistically
be made part of the plan, and the costs properly allocated to those purposes.

Level of problem alleviation and opportunities attainment. There is no presumption that any
specific level of problem alleviation or opportunity attainment must be met. The statements of
problems and opportunities describe a desired direction of change from the current and expected
future without-project conditions, but do not prejudge how much, if any, of that change may be
warranted. *® Whether and to what level change is secured by some plan is determined by an
evaluation of plan monetary and non-monetary benefits in relation to plan monetary and non-
monetary costs.

Descriptions of problems and opportunities. In specifying problems and opportunities, the
following apply:
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(1) The problems and opportunities should be described as desired outcomes (e.g., reduce and
then manage residual flood risk in River City), and not as an alternative plan(s) that might be
presumed to secure those outcomes (e.g., build a levee in River City, or remove structures
from the floodplain in River City).

(2) The statement of problems and opportunities should specify metrics for measuring changes in
the level and direction of change.

(3) The problems and opportunities should be described for current conditions as well as future
conditions that are expected to prevail in the absence of civil works intervention (i.e., the
without-project condition).

e. Moadifications. Initial expressions of problems and opportunities may be modified during the
iterative planning process.

4.2 Inventory Current and Forecast Future Without-Project Water & Related Land
Resources Conditions

a. Without-project condition. The forecast of the future level of problems and opportunities that
would be expected in the absence of civil works action is the baseline for analysis of the effects
of formulated alternative plans on alleviating problems and realizing opportunities. For example,
if the problem is reducing and then managing residual flood risk in River City, then the current
flood risk as well as the future flood risk, in consideration of socioeconomic change, hydrologic
alteration, public policy and other factors, must be taken into account in predictions of future
flood risk.

b. Forecast uncertainty. Planners must determine how uncertainty in the future, without-project
condition will be addressed in the forecasting of future resource conditions. The uncertainties
may be in the water and related land environment (e.g., non-stationarity of the hydrograph,
land subsidence), in human activity (e.g., land settlement and population growth) or in limited
understanding of hydrologic, geomorphic, or ecological processes (e.g., the fate and transport of
sediments, or the response of a wildlife species to changes in the structure and functions of the
water and related land ecosystem). Section 3.2.1 (scoping) and Figure 3-1 outlined different
approaches for determining when and how to address uncertainty in planning.

4.3 Formulation of Alternative Plans

Alternative plans (or plans) are to be formulated in a systematic manner to ensure that a full set of plans
are developed that can reasonably be expected to alter the without-project level of the specified
problems and opportunities. Formulated plans need not be limited to include only measures that the
Corps could implement directly under existing authorities, and can include measures that can be
implemented under the authorities and missions of other federal and non-federal agencies. The scoping
process will have established the collaborative relationships to make such cooperation possible in plan
formulation. The following considerations will apply to plan formulation.

4.3.1 General Considerations in Plan Formulation
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(1)

(2)

(3)

Formulation criteria. All alternative plans will be formulated in consideration of three criteria:
completeness, effectiveness, and acceptability. ° In assessing the extent to which a plan meets
the criteria, the uncertainty of achieving each criterion should be recognized and reported.

Completeness. Completeness is the extent to which an alternative plan includes all necessary
investments or other actions required to ensure the realization of the predicted effects on
problem alleviation or achievement of opportunities. This may require relating the actions in the
plan to other public or private actions if these other actions are required for alleviating
problems or realizing opportunities. Formulated plans should include and report on actions that
will be implemented under the authorities of other federal agencies, state and local entities, as
well as possible contributions by non-governmental organizations.

Effectiveness. Effectiveness is the extent to which an alternative plan alleviates the specified
problems and achieves the specified opportunities.

Acceptability. Acceptability is the extent to which an alternative plan is in compliance with
applicable laws and associated regulations, including but not limited to federal and state laws
and regulations relating to endangered and threatened species, water quality, cultural and
historic resources, and compensatory environmental mitigation under Section 906(d) of the
Water Resources Development Act of 1986 as amended (33 U.S.C. 2283(d)). ** Acceptability also
depends on the workability and viability of the alternative plan from the perspectives of
relevant state and local entities and the affected public. When institutional barriers related to
acceptability would prevent attainment of these criteria, or if compliance with the criteria limits
the ability to alleviate a problem or realize an opportunity, plans may be formulated to include
recommendations for changes that involve removal of those barriers.

Management measures. Plans will be formulated using management measures that in
combination address the planning problems and opportunities. “Structural” management
measures are defined as those that intentionally modify existing hydrologic and geomorphic
structure and processes. Structural measures typically involve implementing, altering, or
removing engineered structures. For example, building a new levee and increasing the height of
an existing levee are examples of structural measures, as is removal of a levee to allow for
hydrologic reconnection of a river to its historic floodplain. “Nonstructural” measures are
defined as management measures that avoid and minimize changes to the existing hydrologic
and geomorphic structure and processes of water and related land resources. Nonstructural
measures include enhanced management of the use of existing infrastructure (e.g., congestion
pricing on the inland navigation system) and measures that manage human activity and
development (e.g., permanent removal of buildings located in the floodplain). Nonstructural
measures can include modifications in public policy, management practice, regulatory policy,
and pricing policy.

Conceptual compensatory environmental mitigation measures. For each alternative plan
expected to have adverse effects on watershed-scale hydrology and geomorphology as well as
significant ecological resources at the sub-watershed scale, conceptual compensatory mitigation
measures will be formulated. These conceptual measures will be refined once the NEQ effects of
plans are fully evaluated. This form of compensatory environmental mitigation is required by
law and often may be essential to securing agreement on a preferred plan in a collaborative
planning environment.
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Conceptual compensatory economic mitigation measures. Conceptual compensatory economic
compensatory mitigation measures may also be formulated for adverse plan effects on current
watershed uses (e.g., current recreation uses), as deemed necessary and appropriate. These
may take the form of financial payments or additional measures in the plan (e.g., a new location
for a boat ramp, or assured access to an alternative water supply). This form of compensatory
mitigation may or may not be required by law (e.g., possible legal requirement to maintain
existing benefits of authorized purposes), but even when not, is often essential to securing
agreement on a plan in a collaborative planning environment.

4.3.2 Full Array of Formulated Plans

(1)

(2)

Multiple plans. A number of alternative plans should be formulated early in the planning process
and then a subset of those plans should be further refined and carried forward for evaluation.
Multiple plans should be formulated that reflect possible tradeoffs among the problems and
opportunities to be addressed, in recognition of the federal interest evaluation criteria and
other relevant state and local considerations.

Required plans. The array of formulated plans should include the following required plans that
will be carried through to plan evaluation and then to plan display, comparison, and
recommendation.

Protection and restoration plan. Except in the case of planning where ecosystem restoration is
the only specified problem and opportunity, one alternative plan will be formulated that
addresses the specified problems and opportunities by relying principally on management
measures that protect (avoid and minimize adverse effects on) or restore watershed scale
hydrology and geomorphology, when possible, in support of significant area-specific biological
resources. This plan will be identified as the Protection and Restoration Plan and will be carried
through the balance of the planning process and used as outlined below.?

There are two reasons to require formulation of a Protection and Restoration Plan. One is to
assure that at least one plan that makes a contribution to alleviating problems and realizing
opportunities while avoiding adverse impacts on watershed hydrology and geomorphology, and
restoring these same features if possible, is fully developed and carried forward to evaluation,
comparison, and consideration for recommendation as the preferred plan. It is recognized that
in some planning contexts such a plan may not meet all of the formulation criteria outlined in
Section 4.3.1 (completeness, effectiveness, acceptability), and thus may not have realistic
prospects for recommendation as the preferred plan. However, even when the Protection and
Restoration Plan is unlikely to be identified as the preferred plan, it will be used as a point of
reference when displaying the tradeoffs among it and all other plans that have been formulated
to address problems and opportunities in plan comparison. The use of the Protection and
Restoration Plan for this purpose is outlined in Section 4.5.%

Adaptive management plan. If deemed advisable and practical after consideration of the
consequences of uncertainty on path 3 [see Section 3.2.1d.(2) and Figure 3-1], at least one
formulated plan will include adaptive implementation elements designed to reduce knowledge
uncertainties attributable to analytical limitations in order to increase confidence that the
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intended outcomes of the plan will be realized over time. If the formulation process does not
identify a viable adaptive management plan, the study will document efforts to identify such an
alternative and explain why it could not be formulated. **

4.4 Evaluation of Alternative Plans

Each formulated plan will be evaluated for its contribution to national economic efficiency (NEE) and
national environmental quality (NEQ), as measured against the without-project condition. Plans will also
be evaluated for their effects on the additional federal interest evaluation criteria as deemed necessary
for informed decision-making in a particular planning context, including public safety effects, other
environmental quality effects, and other social effects.

4.4.1 Prediction of Plan Effects

Predictions of the effects of alternative plans made using metrics for representing the level of problem
alleviation and opportunities attainment, as measured against the without-project condition, should be
made for selected years over the period of analysis. The predictions made should draw upon official or
otherwise recognized and accepted sources for matters such as, but not limited to, national and regional
projections of income, employment, output, and prices for specific goods, services and commaodities,
population, exports, and environmental conditions. Depending on the treatment of uncertainty chosen
during scoping, uncertainty in predictions should be characterized quantitatively or qualitatively, and
the effects on evaluation metrics for the evaluation criteria described.

4.4.2 Primary Evaluation Metrics

NEE and NEQ measures will be the primary measures reported to facilitate evaluation and comparison
of alternative formulated plans for alleviating problems and realizing opportunities.

a. National Economic Efficiency (NEE) metrics. NEE effects will be measured as the positive and
negative effects of plans on the economic value of water and related lands, or the economic
value of the national output of goods and services produced using these resources, as expressed
in monetary units. 2

Economic benefits will be measured as increases in monetary units reflecting beneficiaries’
willingness to pay (WTP) for increases in the economic productivity of affected water and related
land resources, or increases in the national output of goods and services produced using these
resources. Economic costs will be measured in monetary units reflecting plan implementation and
associated costs, as well as the opportunity costs to affected individuals resulting from any decrease
in economic productivity of water and related land resources, or decrease in the national output of
goods and services produced using those resources.

b. National Environmental Quality (NEQ) metrics. NEQ effects of plans will be measured as the
positive and negative changes in the physical, chemical and biological conditions of the nation’s
significant water and related land resources at the watershed scale, as expressed in non-
monetary units.
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The NEQ effects of alternative plans will be evaluated using metrics that are biologically-meaningful.
The chosen metrics may include readily measured and predicted changes in hydrologic and
geomorphic structure and processes in rivers and coastal systems. Examples include area of
floodplain reconnected to a river (surrogate for enhanced native fish spawning and refuge as well as
nutrient trapping), increases in area of emergent sand bars (surrogate for bird population increases)
or changes in the shape of the hydrograph (surrogate for fish productivity, riparian habitat creation,
and invasive species control). Alternatively, metrics might be developed and used that are more
directly related to the desired biological outcomes, such as changes in habitat suitability indices for
one or a community of species. In all cases the effect of an action on the chosen metric should be
predictable with an acceptable degree of uncertainty, as judged by decision participants.

The direction of NEQ effects can be either positive of negative. In order to determine the direction
of change when the biological outcome is not measured directly, it may necessary to describe a
reference condition. Consider a metric where life support for a specific fish species is the biological
outcome and the shape of the hydrograph best suited to fish spawning is the metric. In this case the
past hydrograph or the hydrograph on a river with a viable fish population might be the reference
condition.

Negative NEQ effects may occur in two ways and the response in plan formulation is different. First
movement away from the desired biological outcome or reference condition, under the future
without-project condition, is a negative change in NEQ that has no relation to the proposed action
(plan), but is the basis for measuring positive NEQ effects when plans are formulated to add to NEQ.
This is termed “restoration.” >

Second, a negative NEQ effect may occur as the result of a proposed action (plan), when measured
against current resource conditions and not the reference condition. Supplemental plan features or
changes made to a plan with the purpose to maintain NEQ or minimize the negative NEQ effects of
plans in relation to the current resource conditions are not restoration, but rather are termed
compensatory environmental mitigation. The same metrics may be used to measure both
restoration benefits and to establish a level of compensatory environmental mitigation.?’

4.4.3 Additional Evaluation Metrics

Plan effects on public safety, other environmental quality effects, and other social effects may be
measured and reported, as required to satisfy the information requirements of all parties engaged in
decision-making, or to meet other reporting expectations.

a. Public safety (PS) metrics. PS effects of alternative plans will be measured as the changes in risks
to human life and safety from flood and coastal storm hazards, and other potential hazards as
warranted, and risks that remain after plan implementation (residual risks), as expressed in
various quantitative units or qualitative descriptions. An accounting of residual risks to human
life and safety is required when flood and coastal storm threats are identified as problems and
opportunities to be addressed in a planning study. PS effects will be measured in non-monetary
units or qualitative descriptions relating to one or more of the following determinants of flood
and coastal storm risk:

Institute for Water Resources 20 U.S. Army Corps of Engineers



Analytical Elements of Planning Towards Integrated Water Resources Management

(1)

(2)

(3)

Hazard (e.g., frequency and intensity of possible floods and storms that exceed the design level
of any hazard reduction measures included in plans).

Exposure (e.g., the number of people potentially exposed to residual flood and storm hazards).

Vulnerability (e.g., the ability and means of potentially exposed populations to evacuate or
otherwise avoid or mitigate injury and death from residual flood and storm hazards).

Other environmental quality (OEQ) effects metrics. OEQ effects will be measured as the effects
of alternative plans on significant cultural, aesthetic, and sub-watershed-scale ecological
resources, as measured using appropriate non-monetary indicators. An appropriate indicator is
a characteristic of a relevant resource that serves as a direct or indirect means of measuring or
otherwise describing changes in the quantity and/or quality of resource attributes.

Other Social Effects (OSE) Metrics. OSE will be measured as the effects of alternative plans on
low-income, tribal, and minority communities, *® as expressed in monetary units, non-monetary

units, or qualitative descriptions relating to one or more of the following:

(1) Changes in employment, wages, and other measures of economic activity within the
community.

(2) Incidence of NEE and NEQ effects on groups within the community.

(3) Incidence of PS and OEQ effects on groups within the community.

4.4.4 General Considerations in Plan Evaluation

Measurement of national economic efficiency effects. Measurement of economic benefits and
opportunity costs (foregone benefits) in monetary units will generally be made for affected
goods and services that are marketed, as well as those that are not marketed but that have a
substitute good or service that is marketed.” However, any plan effect may be assessed in
monetary units if the following conditions hold: (1) the assessment can be accomplished using
the available study resources in consideration of all study requirements; (2) the assessment is
deemed by the District Engineer to be important for informed decision-making, and; (3) the
assessment is broadly viewed as valid and acceptable by the project stakeholders that are
engaged in decision-making.

Accounting for an effect in multiple ways. Any plan effect can be measured and shown in
different ways across multiple effects categories to allow decision-makers to consider that effect
from alternative perspectives. As one example, the flood damage reduction effects of plans can
be measured and shown as monetary NEE metrics (property damages avoided), as hydrologic PS
metrics (the level of residual hazard), and as OSE metrics reflecting the incidence of these
measured effects on low-income, tribal, and minority communities.

Compensatory environmental mitigation costs. For each alternative plan that has adverse
watershed-level and/or sub-watershed-level effects on significant ecological resources as
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(1)

(2)

(3)

measured by NEQ and OEQ metrics, respectively, conceptual compensatory environmental
mitigation measures will be developed and the costs of these measures will be assessed and
recorded as part of the NEE evaluation.

Compensatory economic mitigation costs. As deemed necessary and appropriate, conceptual
compensatory economic mitigation measures may be developed for adverse plan impacts on
current watershed uses (e.g., current recreational uses) and the costs of these measures (e.g.,
replacement of recreational access, payments to purchase water rights or replacement power
supply, relocation assistance payments) assessed and recorded as part of the NEE evaluation.

Life cycle analysis.

Period of Analysis. The period of analysis is to be the same for each alternative plan. The period
of analysis is to be the time over which any alternative plan would have significant beneficial or
adverse effects on the federal interest evaluation criteria.

Time pattern of effects. Positive and negative NEE and NEQ effects may not occur uniformly
over the period of analysis.

a) Some alternatives that rely on hydrologic and geomorphic restoration through the
mimicking of natural processes may cause NEQ improvements to come about slowly,
but then become self-maintaining (i.e., not require occasional interventions) and self-
designing at some point in time. That time pattern of effects should be recognized and
reported.

b) Future NEE benefits may not occur in the same year for all plans and some plans may
have different levels and frequency of costs. For all plans, the years that different levels
of benefits are realized and the years that different levels of costs are incurred for
operations and maintenance and for significant repair and replacement should be
reported.

Discounting. Discounting will be used to convert all future NEE (monetary) effects to present
values using the discount rate established annually for civil works planning. Discounting may be
applied to NEQ effects, for present value comparison with NEE effects, as long as the time
patterns of NEQ benefits and costs to realize those benefits over the project life are also
reported. ** Non-monetary effects with respect to the other evaluation criteria (PS, OEQ and
OSE effects) would not normally be discounted for plan display and evaluation.

Prices of goods, services, and factors of production. The prices of goods, services, and factors of
production (i.e., input costs) should reflect real exchange values expected to prevail over the
period of analysis. To the extent practical, direct government subsidies or other programs that
affect observed exchange values should be recognized and adjustments made to those prices to
reflect real exchange values. If adjustments cannot be made, the subsidies that distort real
exchange values should be identified and described. **

4.5 Plan Display and Comparison

a.

General considerations in plan display and comparison.
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(1)

(2)

(3)

(1)

To assure transparency and full recognition by decision participants of the different plan effects
and the different parties that may realize them, all predicted effects for each plan, even if
expressed in commensurate metrics (e.g., monetary units) should be left disaggregated (i.e., not
summed or otherwise combined) for the purpose of plan display and comparison. For example,
estimated monetary benefits from addressing a specific problem or opportunity (e.g., flood risk
management) should be shown separately from the estimated financial costs of plan
implementation, as well as separately from the estimated monetary value of any incidental plan
benefits or foregone benefits associated with other affected goods and services (e.g.,
recreation). For purposes of recommending a plan, however, aggregation may be applied, as
outlined in Section 4.6.

The one exception to the requirement for disaggregation of plan effects involves a measure of
total financial costs for plan implementation, which can be shown as the total discounted
present value sum of all financial component costs for implementing a plan (e.g., initial capital
costs, annual O&M costs, costs associated with future repair or other necessary interventions).
Even in this case, however, each individual component of plan financial costs should be shown
separately along with the sum and time pattern of plan financial costs for plan display and
comparison.

To assure transparency in the characterization of conceptual environmental and economic
compensatory mitigation proposals, the adverse effects, a description of the conceptual
compensation plan, and preliminary estimates of the financial costs of implementing the
compensation for each formulated plan should be shown separately in the plan display and
comparison. 32

Phase 1 plan display and comparison. There are two phases in plan display and comparison.
Phase 1 will display and compare the evaluated effects of plans using the primary evaluation
criteria (NEE and NEQ). The set of plans included in Phase 1 display will include the Protection
and Restoration Plan as well as all evaluated plans that meet the formulation criteria outlined in
Section 4.3.1. The purpose of the Phase 1 display and comparison is to narrow the set of plans
that will be carried forward for Phase 2 plan display and comparison (another purpose is to
identify plans that might be improved by reformulation and then considered further through the
iterative process).

A Phase 1 display will be developed to report the effects of plans in terms of each evaluated NEE
and NEQ effect as well as any conceptual compensatory mitigation plans and associated costs.
Specifically, the following effects should be included and shown separately in the display matrix:

e NEE monetary benefits for each good or service for which plans have been formulated
to produce (i.e., evaluated economic benefits for addressing specified problems and
opportunities).

e NEQ non-monetary effects, both positive and negative, as measured using one or more
NEQ metrics.

e NEE monetary benefits and costs associated with other affected goods and services.
These effects can include incidental benefits for each positively affected good or
service, as well as the opportunity costs (benefits foregone) for each negatively affected
good or service.
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(2)

(3)

(1)

(2)

(3)

e NEE financial costs for plan implementation, including the following component and
total costs shown separately: a) initial capital outlays, b) annual operation and
maintenance costs, c¢) costs for future repair and any other necessary interventions, and
d) total financial costs for plan implementation (discounted present value sum of cost
items a-c).

e Adescription of the conceptual compensatory environmental mitigation proposal for
adverse NEQ effects and adverse OEQ effects, and the financial costs of implementing
the proposal.

e Adescription of the conceptual economic compensatory mitigation proposal for
adverse effects on existing watershed uses, and the financial costs of implementing the
proposal.

The display should refer to the places in the report where the analysis supporting the results
reported in the display can be found.

The Phase 1 display will be used to compare the effects of alternative plans in order to judge
whether some plans are “inferior” to one or more other plans. NEE benefits and costs for
incidental goods and services, as well as conceptual compensatory mitigation plans and
associated costs, can be used as supplemental information for judging whether certain plans are
inferior to one or more other plans. Any of various methods and associated graphical displays
and plots for multi-criteria comparisons of plan effects may be employed to facilitate plan
comparison. The result of the comparison should be a narrowing of the set of plans to be carried
forward for the Phase 2 plan display and comparison. (Another possible result is a decision to
reformulate and reevaluate one or more plans that have been judged to be inferior).

Phase 2 plan display and comparison. Phase 2 will focus on the display and comparison of the
evaluated effects of non-dominated plans relating to all evaluation criteria, both primary and
additional. The set of plans included in this phase will include the Protection and Restoration
Plan as well as the subset of plans that have been carried forward from the Phase 1 plan display
and comparison. The purpose of this second round of display and comparison is to identify a
subset of plans that will be considered for possible recommendation as the preferred plan.

The Phase 2 display will be developed to report the effects of plans that have been carried
forward in terms of all evaluation criteria, including the primary criteria (NEE and NEQ), the
additional criteria (PS, OEQ and OSE), as well as conceptual compensatory mitigation plans and
associated costs. As in the Phase 1 display, each evaluated effect should be displayed separately.

The Phase 2 display will be used to identify plans that may be considered unacceptable based on
their effects on the additional evaluation criteria (e.g., unacceptable public safety effects), and
should be screened from further consideration (or reformulated).

The Phase 2 display will be used to identify and consider the incremental NEE and NEQ effects of
plans as measured against those of the Protection and Restoration Plan. Any of various types of
methods for implementing incremental analysis may be employed for illustrating the
incremental NEE and NEQ gains and losses from moving from the Protection and Restoration
Plan to each of the other plans. The result of this incremental analysis should be the selection of
a subset of plans to be considered for possible recommendation as the preferred plan. *
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(4) If the Protection and Restoration Plan meets the formulation criteria set out in Section 4.3.1, it

should be included in the set of plans carried forward for possible recommendation.

4.6 Plan recommendation

(1)

(2)

(3)

(4)

(1)

The responsibility of the planning process is to provide useable information for those with
decision-making authority. The responsibility of those with decision-making authority is to use
the information provided to conclude whether one or more alternative plans for a specific place
are in the federal interest and can be considered for selection, and then recommend one of
those plans as the preferred alternative.

Decision-making responsibility >

Within the Corps, the District Engineer (DE) has the initial responsibility for making a federal
interest determination and recommending a preferred plan. While the Corps decision begins
with the DE, the recommendation for a preferred plan is ultimately the responsibility of the
Corps organization and the Assistant Secretary of the Army for Civil Works [ASA (CW)]. Because
of the in-progress review process of the Corps, the DE recommendation should be that of the
agency as a whole.

Project cost share partners make a financial commitment to developing the plan and will have
financial obligations for plan implementation. The DE will share the display and comparison
information and engage with cost share partners in selecting a preferred plan.

Other federal agencies and non-federal government agencies may have projects and programs
that are part of any formulated plan in the final array of plans, or may have responsibility to
approve any plan before it may be implemented. The DE will be expected to share the display
and comparison information and engage with other agencies of government in selecting a
preferred plan.

The Executive Branch, through the Office of Management and Budget and the Council on
Environmental Quality, as well as the Congress has responsibility for reviewing the Corps
recommendation, and through the legislative process, making the final determination on
authorization and appropriations. Therefore, the Corps may, through the Office of the ASA (CW),
share the display and comparison information and engage these entities before recommending
a preferred plan.

Plan recommendation and reporting responsibilities

The DE will provide a summary of all technical review comments from the technical review
processes in place and a response to the comments indicating how they were addressed, and if
rejected, the basis for that rejection. These will be part of the information made available for
agency and public comment.

(2) The DE will publish the display and comparison information for all plans for a concurrent 90 day

public and agency comment period, and will provide a summary of public comments as well as a
response to the comments indicating how they were addressed.
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(3) The DE will prepare a written statement indicating the basis for the following determinations
(specifically referring to the results in the Phase 1 and Phase 2 display and comparison, to the
technical review comments, to public and other agency comments, and to the preferences of
the cost share partners):

e  Which plans displayed in Phase 1 were not carried into Phase 2.

e Which plans in Phase 2 did not meet a federal interest determination and were not
further considered for the preferred plan.

e |If the Protection and Restoration Plan is not recommended, the reasons for that
decision.

e The reasons for selection of the preferred plan.

e |f the DE determines that no plan is in the federal interest, then a no federal action
alternative will be recommended as the preferred plan.

In preparing the written statement in support of the preferred plan, the DE may choose to
aggregate the effects that were disaggregated in the plan display and comparison phases in
ways that the DE believes can help clarify the basis for the decision made. The choice to
aggregate the measures of NEE, NEQ, and other effects, and how that aggregation is
executed, is at the DE’s discretion. ¢

(4) The DE will ask the cost share partners and other agencies who have agreed to implement
elements of the preferred plan to prepare a statement to accompany the DE recommendation
supporting the recommendation and providing evidence for their commitment and capacity to
implement their elements within the plan. The partners will comment on the logic used by the
DE and may provide additional reasons for supporting the recommendation.
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Appendix A: Formulation and Evaluation of Alternatives Affecting
Floodplains, Flood Risk Management, and Public Safety

Background

Current Corps guidance says that planning studies for flood and coastal storm damage reduction
(F&CSDR) projects should generally recommend project plans that maximize net national economic
benefits subject to an environmental protection constraint. Benefits are measured as expected property
damages avoided by a plan, and the analysis of plans is to report an estimate of the residual expected
annual property damages that would occur with the alternative in place. Planning guidance does not
require that benefits from reduced risks to human life and safety as well as the residual risks to life and
safety with the plan in place be quantified and discussed in F&CSDR studies (though in recent years the
Corps has increased attention to residual risks to human life and safety in planning studies).

Current Corps policy does not specify any minimum level of project performance that must be provided,
but net economic benefits must be positive for whatever plan is recommended. However, a non-federal
sponsor may desire a plan that provides a different level of performance than that provided by the plan
that maximizes net economic benefits. This might be a desire to have no properties exposed to the 1%
annual chance flood event that affects community requirements under the National Flood Insurance
Program. If a non-federal sponsor prefers a plan that eliminates exposure to the 1% annual chance flood
event (but not to floods of higher magnitudes and lower likelihoods of occurrence), and that plan has
net economic benefits, Corps policy allows it to be recommended without formulating and considering
other plans. Alternatively, a non-federal sponsor might prefer a plan that eliminates exposure to higher
magnitude and less frequent flood events (i.e. that provides a higher level of performance) than that
associated with the plan that maximizes net economic benefits, and be willing to adjust the cost share to
secure that plan.

Corps policy also directs planners to formulate and consider a primarily “nonstructural” (NS) plan in
F&CSDR studies, which has been generally understood to incorporate measures designed to reduce
determinants of flood risk other than the flood hazard (that is, these risk reduction measures do not
focus on reducing flood surface water elevations in the floodplain). The use of such management
measures is promoted by environmental advocacy groups and others as a means to achieve flood
damage reduction while avoiding and minimizing changes to existing watershed hydrology and
geomorphology, thus limiting negative impacts on the “natural and beneficial functions” of floodplains
and wetlands.

NS measures for flood damage reduction include the removal/relocation (buyouts) of structures in the
floodplain that can reduce the potential for people and assets to come into direct contact with
floodwaters by changing use of the floodplain (that is, measures that reduce “exposure”). They also
include measures such as flood warning and preparedness systems and flood-proofing of buildings that
can reduce the negative consequences that occur when people and assets are exposed to flood hazard
by accommodating existing floodplain uses to that hazard (that is, measures that reduce “vulnerability”).
Measures to reduce exposure and vulnerability are typically considered together in the formulation of
the NS plan, but usually with limited or no measures to reduce flood hazard. The NS plan is often found
by the Corps to fail the net economic benefits test and/or is deemed unacceptable by non-federal
project sponsors, however.
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Nevertheless, some management measures to reduce exposure or vulnerability are usually included in
F&CSDR plans that are recommended for implementation. For example, limited buyouts are sometimes
used to reduce the costs for levee alignments, or to contribute to community amenities such as river
access that are often important for local acceptability of project plans. Further, project partnership
agreements require non-federal sponsors to implement floodplain management plans and comply with
NFIP requirements. Moreover, in recent years Corps policy and guidance have allowed for the
formulation of “combined” plans that can jointly protect and restore floodplain and upstream wetlands
while also reducing flood risk. This has allowed planning to formulate and consider plans that include
what might be termed “natural infrastructure hazard reduction” measures, such as levee setbacks for
local floodplain restoration and upstream watershed restoration.

In addition to having positive net economic benefits, a recommended plan must be consistent with
“protection of the Nation’s environment.” In practice, that environmental protection constraint is
deemed satisfied by making compensatory environmental mitigation measures part of the plan, and
factoring the mitigation costs in the net benefits calculation for the plan. Corps guidance expects that
the environmental quality effects of any plan to be evaluated in non-monetary terms and used to
determine any necessary environmental mitigation for that plan. But there is no expectation that Corps
planners should consider and balance tradeoffs among the evaluated environmental quality effects and
economic effects of plans in plan comparison and selection.

Motivations for Change

Critics of the Corps planning processes for F&CSDR note several areas of concern. Among the criticisms
is that past Corps F&CSDR studies have:

1. Focused too much on formulating plans that rely on “hard” hazard reduction measures such as
upstream reservoirs, levees, and channel modifications to the exclusion of plans that include natural
infrastructure hazard reduction measures (as defined above) in combination with measures that can
reduce community exposure and vulnerability to flooding.

2. Failed to measure and use information on the negative and positive effects of plans on floodplain
and wetlands functions in plan formulation, evaluation, comparison, and selection.

3. Failed to measure and use information on plan effects for reducing risks to human life and safety, as
well as the residual risks to human life and safety that would remain following plan implementation,
in plan formulation, evaluation, comparison, and selection.

Options for Modernizing Corps Guidance

The desire that combinations of natural infrastructure and exposure and vulnerability reduction
measures be given more serious attention and consideration in F&CSDR studies could be addressed by
requiring one plan to be formulated by starting with and then adding successive increments of such
management measures. The intent of this plan would be to address problems and opportunities while
also avoiding and minimizing adverse impacts on (and restoring, when possible) floodplains and related
wetlands functions; the framework presented here calls such a plan the “Protection and Restoration
Plan.”
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The effect of requiring formulation of a Protection and Restoration Plan would be to address one of the
criticisms of current practice. The requirement would assure that at least one plan that makes a
contribution to flood damage reduction while avoiding and minimizing adverse impacts on watershed
hydrology and geomorphology (and restoring these same features, when possible) is fully developed
and carried forward to evaluation, comparison, and consideration for recommendation as the preferred
plan. It is recognized that in some planning contexts the Protection and Restoration Plan might involve
unacceptably high residual flood risks, and thus may not have realistic prospects for recommendation as
the preferred plan. Other plans could be formulated that build on the Protection and Restoration Plan
by adding traditional hazard reduction measures (e.g., levees and channel modifications) as next added
increments to the plan. In addition, plans that have hard infrastructure as the first increment, and add
natural infrastructure and nonstructural measures as next added increments, might also be developed.

The Protection and Restoration Plan would also make a contribution to plan evaluation and to informing
selection of a preferred plan by serving as a point of reference when comparing the NEE, NEQ, and other
effects of other plans. That is, the Protection and Restoration Plan would serve as a point of reference
when displaying the tradeoffs among it and all other plans that have been formulated, evaluated, and
carried forward for possible recommendation. The analysis would document the NEE, NEQ, and other
(e.g., public safety) effects of the Protection and Restoration Plan for reducing and managing flood risks.
The analysis would then systematically report the incremental changes in NEE benefits and costs and
NEQ and other effects that would be realized if other plans were selected instead of the Protection and
Restoration Plan.

Similarly, the desire that the public safety (PS) effects of alternative plans be considered in planning
could be made operational by requiring the evaluation and comparison of plan effects on risks to human
life and safety as well as risks that would remain after plan implementation (residual risks). PS effects
could be measured in non-monetary units or qualitative descriptions relating to one or more of the
following determinants of flood and coastal storm risk: 1) Hazard (e.g., frequency and intensity of
possible floods and storms that exceed the design level of any hazard reduction measures included in
plans); 2) Exposure (e.g., the number of people potentially exposed to residual flood and storm hazards),
and 3) Vulnerability (e.g., the ability and means of potentially exposed populations to evacuate or
otherwise avoid or mitigate injury and death from residual flood and storm hazards).

Commentary

In recent years the Corps has begun to reinterpret its F&CSDR missions within the broader concept of
flood risk management, which recognizes that responsibility for reducing flood risk and managing
residual risk must be shared among the Corps, local governments, and affected citizens. Shared
responsibility implies that the localities that the Corps assists through F&CSDR projects are expected to
play a role in “buying down” flood risks, and then assume primary responsibility for managing residual
risks. As one example, all Corps F&CSDR projects might be expected to incorporate flood warning and
preparedness systems, where these project features would be operated and maintained by local
authorities. Similarly, while current Corps policy makes federal participation in a project contingent
upon local implementation of floodplain management regulations, policy adjustments may be needed to
ensure local compliance.

Shared responsibility also implies shared decision-making in which the desires of non-federal project

sponsors must be taken into account. Thus, decisions must be made in consideration of the level of
residual risk that non-federal sponsors deem acceptable, as well as the tradeoffs that they are willing to
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make among flood risk reduction using natural infrastructure hazard reduction and measures to reduce
exposure and vulnerability, as opposed to traditional hazard reduction alternatives. In the end, shared
responsibility for choosing a preferred plan must be accompanied by a shared commitment to
implementing all elements of the plan and to continuous monitoring of that implementation over time.

The concerns that motivate criticisms of how floodplains are considered in plan formulation, evaluation,
comparison, and selection are already addressed, however imperfectly, in current Corps planning
guidance. In fact, there has been increased inclusion of natural infrastructure as well as exposure and
vulnerability reduction measures in plans being proposed for authorization. Changes to guidance can be
made to require greater consideration of natural infrastructure in plan formulation and evaluation by
requiring formulation of a Protection and Restoration Plan and by using that plan as a point of reference
for comparing the NEE, NEQ, and other effects of all other formulated plans.

However, considering a Protection and Restoration Plan for recommendation would necessarily depend
on the available opportunities for such alternatives and their acceptability to non-federal sponsors.
Many non-federal sponsors for Corps studies represent heavily populated areas where opportunities for
natural infrastructure hazard reduction as well as exposure and vulnerability reduction may be limited.
Therefore, while guidance changes may address the concern that the current practice of F&CSDR study
execution does not give balanced consideration to plans that emphasize exposure and vulnerability
reduction and natural infrastructure hazard reduction, in the end such changes in guidance cannot
ensure that such plans would be deemed acceptable to non-federal sponsors.
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Appendix B: Objectives and Evaluation in Civil Works Planning Studies
Background

This Appendix uses the concept of “ecosystem services” to explore issues relating to the evaluation of
plan effects in a planning study. While numerous references provide somewhat varying definitions for
the ecosystem services concept, most argue that ecosystem services are “natural” services provided by
the environment that make a direct or indirect contribution to the well-being of people.

In the next section we re-interpret the meaning and implications of ecosystem services in ways
necessary to make the concept operational within the authorities of the Corps and within the context of
a watershed as opposed to ecosystem focus for Corps planning. The result is to derive the idea of
“watershed services” from the concept of ecosystem services.

That is followed by a review of the Corps’ current approach to the evaluation of changes in watershed
services for civil works planning. Motivations for change to the current approach are then outlined,
followed by a discussion of options for change. Particular attention is paid to the possibilities for, and
limitations of, placing monetary values on all watershed services that may be affected by project
alternatives.

Watershed Services

The structure and processes of river and coastal watersheds constitute “natural infrastructure” that in
turn supports or directly provides natural services that are valued by people. Of course, this natural
infrastructure exists alongside human infrastructure, and may have been altered by human
interventions and uses over time, often by Corps projects. Below, we refer to this combination of natural
and human infrastructure as “watershed structure and processes.”

Watershed structure refers to the geophysical features and characteristics of a watershed at a point in
time, such as topography and land cover, including the kinds and locations of wetlands, land uses, as
well as the existing water control structures that affect the hydrologic and geomorphic regime of rivers,
lakes, and related estuaries. Watershed processes refer to geophysical processes such as gravity and
solar and wind energy that contribute to the hydrologic cycle and the movement of water and
sediments through the geophysical structure, as affected by ecological functions, such as biomass
production and nutrient cycling, that are present given some watershed structure.

Examples (not an exhaustive list) of four types of watershed services that are especially relevant to civil
works are presented in the box below. The Millennium Ecosystem Assessment and other sources provide
different, but generally consistent, categorization frameworks. We use this particular framework
because it is readily interpreted in terms of the combined effects of natural and human-made
infrastructure on the types and levels of watershed services that are most affected by the Corps civil
works program.
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Examples of Watershed Services Relevant to Civil Works
Input in Production of Marketed Goods & Services

Waterway transportation

Flood storage & conveyance

Hydropower generation

Water input and land productivity for agriculture and commercial & industrial
production

Direct Use

e  Municipal & home water supply
e Recreation & aesthetics

Waste Assimilation

e  Processor or sink for human waste products
e Trap for eroded soil

Life Support

o Biodiversity
e Populations of one or more wildlife species

Watershed services that are valued as production inputs for marketed goods and services most closely
align with the types of services that have been the objective for formulation of alternatives in traditional
Corps water development projects. In most cases, those services were expected to be captured or
enhanced by the construction of water control works.

The waste assimilation services may be used by intention, but often they are simply the inevitable result
of human activity in the watershed. Management of the use of these services is the responsibility of the
USEPA and state water quality agencies. However, if Corps projects or their operations affect the flow
patterns and geomorphologic processes in rivers, then waste assimilation services may be enhanced or
reduced. Other civil works actions have also been associated with waste assimilation service provision;
for example, the restoration of wetlands areas may increase sediment trapping.

Most references to ecosystem services characterize life support services (as well as waste assimilation
services) as “ecological” services that are most closely associated with natural infrastructure where, in
the case of watersheds, “natural” is defined with reference to some pre-disturbance watershed
hydrologic and geomorphic structure and processes. That is, it is presumed that life support services
were provided at their maximum levels in that pre-disturbance state. These services are valued by
people directly as well as indirectly through the support they provide for other services, such as
recreation.

At the federal level, management of life support services is the responsibility of resource agencies such

as NOAA and USFWS, and is also addressed by the Corps regulatory program under Section 404 of the
CWA. With respect to Corps civil works missions and authorities, life support services may be diminished
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or may be enhanced by interventions in watershed structure and processes. However, the specific
effects on life support services that would result from civil works interventions in watershed structure
and processes may be difficult to separate from other factors, such as harvest pressure or nutrient levels
in ariver.

The specific types and levels of watershed services realized in any specific watershed are affected by
water development projects and other human-made alterations to watershed structure and processes.
Indeed, the intent of human interventions has been to increase the supply of one or more watershed
services, since in many cases the service contribution to the well-being of people largely depends on
such interventions. For example, rainfall, runoff, and water storage in rivers and lakes make a
contribution to the municipal water supply service, but capital investment for the capture, treatment,
and distribution of the water is required for this service to add to the well-being of people.

Current Evaluation Practice

Federal budget priorities, Congressional authorization language, interpretations of Corps legal
authorities, and preferences of local cost sharing sponsors direct most Corps planning studies to
formulate alternatives to enhance production inputs for marketed goods and services. These planning
processes focus on waterborne commercial transportation and flood and coastal storm damage
reduction, which the current Corps planning guidance refers to as “National Economic Development”
(NED) outputs. More generally, these planning processes emphasize reducing the adverse consequences
to people from extreme high-water and low-water conditions in the flow of the river at a location (the
hydrograph), or that offset those effects by flood hazard reduction infrastructure (to address floods) and
temporal and spatial water transfers (to address drought). These engineering works include dams and
reservoirs, channel straightening and deepening, pipelines, and levee systems. With respect to coastal
harbor development, the approach has been to accommodate deeper ship drafts and wider ships
through channel deepening and port widening. In some studies, “nonstructural measures” (actions that
do not alter the existing hydrology or geomorphology) are considered when formulating alternatives.

The evaluation of the effects of formulated plans on these kinds of NED outputs is based on the
objective of national economic efficiency. The economic efficiency benefits are understood as the
willingness to pay (WTP) of project beneficiaries for a change in services and are expressed in monetary
terms, typically using WTP proxies. Once estimated, the benefits are compared with estimated costs
(financial outlays and opportunity costs) to recommend the plan that maximizes net economic benefits.
The WTP benefits may be limited to a specific type of benefit resulting from the change in a service (e.g.,
flood damage reduction benefits have been monetized primarily with reference to property damages
avoided). In addition, other non-monetary evaluation metrics are often reported (e.g., level of
protection in a flood damage reduction project).

Corps guidance also expects non-monetary estimation of the environmental quality (EQ) effects of plans
formulated to serve NED outputs. The federal objective statement in current Corps guidance directs
selection of the plan that maximizes net NED (monetary) benefits, but subject to a constraint that the
plan must comply with applicable environmental laws and regulations. As a practical matter, this
requirement demands an evaluation of environmental effects and recognition of such effects as they
may constrain how plans are formulated, and consideration of such effects for determining any required
environmental compensatory mitigation for a selected plan. Estimated costs in the net benefits analysis
include expenses for any required compensation.
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In recent years, the Corps has had the authority and budget to plan for and implement a category of
projects that focus on “National Ecosystems Restoration” (NER) outputs (what the framework presented
here labels as NEQ effects) as well as combined NED/NER outputs. In these planning efforts, plans are
formulated to enhance life support services (the outputs) through the “restoration” of hydrologic and
geomorphic structure and processes of rivers and associated wetlands and floodplains. Specific types of
interventions in watershed structure and processes to enhance life support services include replicating
historic high and low flows on the hydrograph, creating wetlands and riparian floodplain acres, restoring
the original hydro-period of remnant wetlands, and reconnecting rivers to floodplains. This category of
planning studies often considers the construction of new engineering works, but may also consider the
re-operation, removal, or relocation of existing works. High-profile examples include the Kissimmee
River restoration and the Comprehensive Everglades Restoration Plan (CERP) that are being
implemented in cooperation with the South Florida Water Management District. (There are numerous
examples of other, less well-publicized NER projects that are smaller in scale.)

Formulation of alternative plans for NER usually begins with attention to place-specific, biological goals
(life support services). The mix of actions considered and their specific designs are guided by an implied
or explicit “conceptual ecological model” that relates the actions that the Corps might take to the life
support needs of desired target species or communities of species in the watershed where the plan is
being executed. For example, formulation of plans to change reservoir operations for temperature
modification might be conceptualized in terms of the needs of a specific cold-water fish species
indigenous to that river system. As another example, levee setbacks with the construction of side
channel habitats in the land reconnected to the floodplain may allow for improved spawning and
nursery opportunities for a particular fish species.

It follows that the evaluation of these plans will use metrics that correspond to the place-specific
biological objectives. Measures of NER benefits might focus on changes in existing watershed structure
and processes that support place-specific biological objectives. These may include evaluation metrics
reflecting acres of reconnected floodplain or the shape of the hydrograph at some point in the spawning
season for the relevant fish species. Alternatively, evaluation metrics might be changes in a habitat
suitability index (and area) for a target species or an ecological community. Whatever non-monetary
evaluation metric is used for evaluation, it is related to the costs for each plan through a cost-
effectiveness analysis and incremental cost analysis in order to identify cost-effective alternatives and
then a “best buy” alternative. A determination of the “significance” of the affected resources and
expected changes in life support services also plays a role justifying a selected NER plan. By Corps policy,
the WTP (monetary) metric is not employed for representing NER outputs.

A NER plan may also indirectly increase or decrease any of the other watershed services; however,
changes in those other services may not be evaluated in monetary or non-monetary terms, although
there is no prohibition against such evaluation. For example, a floodplain reconnection to a river to
increase spawning habitat for a particular species may also reduce downstream flood peaks, but any
associated flood damage reduction benefits are typically not evaluated and considered in selection of a
preferred plan.

Of note here is the concept of “incidental benefits” as defined by Corps policy and planning guidance.
For example, plans that are formulated to provide flood damage reduction may also increase the quality
of existing recreation services, and Corps guidance encourages the estimation of monetary benefits for
such effects when practical. However, depending on the type of service, Corps policy may limit the
extent to which such benefits can be included in net economic benefit calculations (in the case of
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planning for NED outputs) and cost-effectiveness and incremental cost analyses (in the case of planning
for NER and combined NED/NER outputs), and thus play a role in plan selection. This limitation is what
makes the benefits “incidental.” In certain cases, Corps policy does allow for the use of incidental
benefits for justifying a plan. One example involves the permanent removal of structures in the
floodplain (i.e., buyouts) in flood and coastal storm damage reduction planning. In that case, all the
services of the new land uses created by removing structure are allowed to be measured and used as
benefits towards justifying the costs of removal.

Motivations for Change

The often expressed criticism of civil works planning is that planning studies fail to recognize that the full
array of watershed services, and life support services in particular, might be enhanced or diminished by
civil works interventions in watersheds; the result is that the effects of plans on some services are not
adequately evaluated and considered in plan comparison and selection. There appears to be a concern
that the first category of projects described above (NED) continue to be formulated to enhance services
that are inputs in production (waterway transportation and flood storage and conveyance), but the
evaluation processes do not adequately evaluate and use the estimated effects of plans on life support
services in plan comparison and selection (or in setting mitigation requirements for the selected plan).
Similarly, the second category of projects described above (NER) continue to be formulated to enhance
life support services, but the evaluation processes do not adequately evaluate and use the estimated
effects of plans on other watershed services in plan comparison and selection.

Actions for Modernizing Evaluation Practices

Corps planning policy and guidance could address the concerns that appear to motivate the Corps’
critics by: a) acknowledging that plan effects on life support services have standing in plan comparison
and selection for all planning studies, and; b) requiring the use of appropriate monetary and non-
monetary metrics to evaluate all watershed services that are significantly affected by plans. More
specifically, policy and guidance would accommodate the following points:

1. For all services categorized above as inputs in production and direct use services that are
significantly affected by plans, require evaluation of all positive and negative effects from changes in
service levels using monetary proxies for users’ willingness to pay (WTP) for those changes. Methods
and procedures for evaluating such economic benefits are already included in Corps planning
guidance, though updates to that guidance will be needed to reflect contemporary circumstances
(e.g., deregulation of electricity markets) and economic evaluation technology (e.g., advances made
by the Corps’ “Navigation Economics Technology” program).

2. For measuring the effects of plans on life support services, develop and apply appropriate place-
based, non-monetary metrics for use in plan formulation, evaluation, and selection, with
consideration also given to monetary (WTP) metrics when certain criteria are met.

With regard to point 2, there is much interest in evaluating the effects of plans on as many watershed
services as possible using WTP metrics. Some people argue that changes in all watershed services,
including life support and associated waste assimilation services, can and should be evaluated in
monetary terms in civil works planning, so the that monetary benefits of intervention are directly
comparable to the costs. A related argument is that if the effects of intervention on life support services
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are not evaluated in monetary terms, then these effects will receive less consideration in the decision-
making process.

There are several factors that should be considered when deciding when monetary versus non-
monetary metrics are appropriate for representing plan effects on some watershed service in a
particular planning study. First, the chosen metrics should be capable of being predicted, with an
acceptable degree of uncertainty, using the available planning models within study time and budget
constraints. This criterion might be termed “predictability.” Second, the metrics chosen should be
decision-relevant for the area and central problems of concern where planning takes place, which
requires that they be understood by and acceptable to non-federal sponsors and other study
participants (who may include more than just representatives of the federal agencies involved in
planning). This second criterion might be termed “credibility.” Credibility is not completely independent
of predictability, since an estimated performance metric that is characterized by high uncertainty may
affect the extent to which that metric is viewed as credible by study participants and decision-makers.
However, credibility also addresses other factors, such as whether the metric is intuitively meaningful to
study participants (e.g., what is a habitat unit?), which can affect the extent to which different
participants may view a metric as decision-relevant and acceptable.

The table below considers four different types of metrics for measuring the effects of plans on life
support services, and includes judgments on how they compare against these criteria. (See discussion on
watershed services for the logic behind the rows in the table). Of course, the specific judgments made in
any planning case would necessarily consider place- and situation-specific circumstances. Note that
completing evaluation at the level of rows 2-4 in the table requires drawing upon the result of analysis
completed for the rows above it.

Options for Representing Plan Effects on Life Support Services

Basis for Example Performance Time & Cost | Uncertainty in Credibility of
Evaluation Metrics of Analysis Estimates Estimates
Hydrologic and Change in area of connected
Geomorphic floodplain & acres of wetlands; Low Low High
Structure & shape of hydrograph
Processes
Ecological Index of Biotic Integrity; Habitat
Function Suitability Indices for one or a Low to Low to Moderate to
community of species; Direct Moderate Moderate High
measure of some stage in the life
cycle of a species of interest
Service Direct measures of changes in Moderate to High Moderate to
Levels biodiversity or populations of one High High
or more target species
Economic Alternative cost; Net income; Moderate to High Low to High
Value (WTP) Revealed and stated preferences High
for use (recreation) and non-use of
services

To more fully appreciate the implications of the table for plan evaluation, consider as an illustration a
planning objective (i.e., problem and opportunity to be addressed by planning) that is focused on a
specific species, such as the endangered pallid sturgeon in the Missouri River. In that case, the planning
objective might be described as “Increase the population of pallid sturgeon in the Missouri River for 30
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river miles above and below Gavins Point Dam.” Plan formulation for Corps actions that might
contribute to this objective would require the development of a conceptual ecological model to describe
how the relative effect of changes to the river’s hydrologic and geomorphic structure & processes (row 1
of the table) would contribute to the defined planning objective. The development of the conceptual
ecological model would be informed by reference to pallid sturgeon population dynamics in other
watersheds that have viable populations and by analysis of past populations of pallid sturgeon in the
river segment of interest. Of course, the desire would be to secure that end state in the most cost-
effective manner, and the actions to meet that end state may extend beyond those within the authority
of the Corps to implement. The conceptual ecological model for the Pallid sturgeon would help to
identify the full range of actions required.

One could imagine a series of empirical models, based on the conceptual ecological model outlined
above, corresponding to each row in the table, which could be used for evaluating and representing the
effects of civil works interventions. For example, one possible intervention might be a series of
structures (this could involve setting back a levee) at various locations along the river that reconnect the
river to the floodplain with side channels that have certain flow velocities, depths, and other
characteristics in order to create spawning areas for pallid sturgeon. The modeling in the first row
would predict whether the structures would create such reconnections, and provide estimates of the
acres of reconnected floodplain with the specified characteristics. This measure of reconnected
floodplain acres might then serve as the metric for representing plan effects on the defined planning
objective.

Instead of stopping the evaluation process at row 1 of the table, another model could be employed that
uses the estimates of reconnected floodplain acres as one of many inputs to predict change in the
quality and quantity of spawning areas for pallid sturgeon. The measure of effect might take the form of
an index of habitat suitability for pallid sturgeon spawning. Alternatively, there might be a prediction of
how many adults will enter the newly created areas, or spawning success once they enter the areas, or
number of young pallid sturgeon that can enter into the river. These metrics relate to evaluation
corresponding to row 2 in the table, and could serve as the metrics for representing plan effects on the
defined planning objective.

Again, the evaluation process could continue on to modeling corresponding to row 3 and seek to predict
growth and survival of the young pallid sturgeon in the river itself. This estimate of increased pallid
sturgeon population is most closely related to the specified planning objective, and thus could serve as
the metric for representing the effects of intervention.

Finally, evaluation of plan effects could continue further on to the last row and use an economic model
that predicts the WTP value of the increase in the pallid sturgeon population resulting from the
intervention. For example, the hypothesized value might relate to so called “non-use” preferences
representing peoples’ WTP to preserve the endangered pallid sturgeon in the Missouri River. In
principle, such non-use values could be estimated using hypothetical choice (stated preferences)
techniques such as “contingent valuation” that essentially involve structured public surveys that are
designed in a way to elicit the choices that survey respondents would make if they had to pay for
alternative states of nature. However, there is considerable disagreement over whether individuals’
non-use preferences (as well as use preferences) for changes in life support services can be reliably
estimated using stated preferences valuation techniques. Many objections to this approach have been
articulated outside as well as within the economics profession.
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In the specific example used here, which involves an endangered species, the significance of the species
as a matter of federal interest is obvious and the nexus between the status of the population and Corps
projects on the river is well-established. Therefore the need to monetize its value in order to justify plan
formulation and investment by the Corps might be questioned (and is proscribed by current Corps
policy). But even if planning in this case were focused on a wildlife species that is not endangered,
calculations that trace through how interventions would affect human uses and preference satisfaction
would be fraught with uncertainty, and the resulting WTP estimates might not be viewed as credible by
at least some stakeholders.

To further illustrate that credibility challenge, consider how the general evaluation options described
above might be applied to the choice of metrics for representing plan effects on ecological services (life
support and waste assimilation services) when specified problems and opportunities focus on other
watershed services. For example, consider a case in which the planning objective is specified as “reduce
flood damages in community X,” and where formulated plans might also affect ecological services in the
watershed. Recall that in such contexts the conceptual framework for Corps planning (in section 4.3.2)
calls for the formulation of a “protection and restoration plan” that makes a positive contribution to the
defined planning objective while leaving current watershed hydrology unchanged (or restoring past
hydrologic and geomorphic processes, when possible). Such a plan formulated to reduce flood damages
might involve the restoration of an area of previously drained wetlands located along the river above
the community. The extent to which restoration of previously drained wetlands along the river reduces
flood peaks in the downstream community (a watershed service) would be estimated, and then the
economic value (property damages avoided) calculated using well-accepted Corps procedures.

But how could the effects of plans on ecological services in this case be evaluated and represented?
The restored wetlands might also trap nutrients that would otherwise enter the river. The reduced
nutrient levels might have a positive effect on oxygen levels in the river, and then on populations of fish
species that are prized by sport fishermen. Accordingly, the evaluation of these effects might seek to
calculate nutrient reduction in the river (row 2) and then proceed to calculate the effect of nutrient
reduction on the recreational fish population (row 3), and then recreational angler use and satisfaction
and hence recreational anglers’ willingness to pay for the nutrient reduction (row 4). However, that
calculation would be characterized by increasing uncertainty with each evaluation step, and the
resulting WTP estimate may not be viewed as credible by some stakeholders.

As an alternative to estimating and using complex bio-economic production functions to trace through
the effects of plans on human uses and preference satisfaction, the increase in nutrient retention
provided by the restored wetlands might be monetized in terms of the avoided costs associated with
building a waste treatment facility that could provide the same level of nutrient reduction. However,
professional economists and others have long criticized such “alternative cost” measures, since they are
viewed as credible proxies for WTP only under highly restrictive conditions that rarely are in evidence.

In the end, different groups of people would make different judgments relating to the credibility of WTP
estimates for representing the effects of plans on life support (and waste assimilation) services
calculated using the valuation approaches outlined above. This is why the last cell of the table
characterizes the credibility of WTP metrics for representing changes in ecological services as ranging
anywhere from low to high, where credibility is judged by study participants and decision-makers.

As a general matter, judgments must be made about the preferred metrics for representing plan effects
on life support services. Metrics that are based on hydrologic and geomorphic structure and processes,
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and to a lesser extent metrics based on ecological structure and function, rate best against choice
criteria relating to predictability (time and costs of analysis as well as uncertainty) and credibility of
estimates. These two evaluation bases have been used most frequently for the choice of metrics for
representing plan effects on life support services in NER planning studies. For such metrics to be
decision-relevant, however, they must be ecologically-meaningful in the sense that they can be
conceptually linked to provision of the relevant life support services in any particular planning case.

As noted earlier, the choice of performance metrics for representing changes in life support services in
any particular planning study would necessarily be place-specific and based on the central problems of
concern. While metrics based on hydrologic and geomorphic structure and processes or ecological
structure and function do not provide a direct representation of life support services, they can be useful
for formulation and evaluation since they align with the types of watershed features that give rise to
those services, and are generally more predictable and credible than metrics produced by the evaluation
steps corresponding to rows 3 and 4 in the table.

That said, Corps policy might be revised to allow for use of any of the evaluation metrics included in the
table, including WTP estimates, if the predictability and credibility criteria were met to the satisfaction
of study participants and decision-makers. Whatever metric is chosen to represent changes in life
support services in any planning case, that metric should be used to measure both positive and negative
effects of alternatives on life support services, and to guide the determination of any necessary
environmental compensatory mitigation.

Commentary

The need is to select and use evaluation metrics that are decision-relevant for the environments where
planning takes place, and acceptable to and understood by non-federal sponsors and other study
participants, such as federal resource agencies. Selection of metrics for the full array of affected
watershed services is as much a bottom-up process for plan development as it is a top-down process
that is directed by national policy and guidance.

Furthermore, given study budget constraints, performance must be measurable and predictable with
some confidence using the types of models employed in planning. Of particular note here is that life
support services, among all watershed services, has been the most difficult to define uniformly in a
metric that is meaningful at a national scale. Further, changes in life support services are the most
difficult to predict for a given change made to watershed structure and processes.

An alternative approach that would avoid these problems begins with the recognition that since life
support services are closely aligned with natural watershed hydrology and geomorphology, proxy
metrics for the effects of alternatives on life support services can be based on predicted hydrologic and
geomorphic changes. Changes in these watershed attributes are most directly linked to civil works
actions, and thus can be more readily and accurately predicted with an acceptable degree of uncertainty
within study budget and time constraints. Such metrics have been successfully used in past NER
planning. Metrics based on hydrologic and geomorphic outcomes must be ecologically-meaningful,
however, and thus would necessarily be place-specific and based on the central problems of concern.

This approach to evaluating changes in life support services for civil works planning is recommended by

the framework, and it would not be a radical departure from past practice. Proxy metrics for life support
services based on ecologically-meaningful hydrologic and geomorphic metrics provide decision-relevant
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planning information in the same way that hydrologic metrics of flood damage reduction (level of
protection) or water supply (safe yield) have assisted planning for many years. When such non-
monetary metrics are employed, reference conditions for the relevant life support services can serve as
a benchmark for comparing plans and deciding when one or more plans are “justified” (see box below).

As for the question of monetization of effects, the framework recommends that for all planning studies,
including those that focus on ecosystem restoration, use of monetary metrics for evaluating all
significant service changes that can be readily and credibly reported in monetary terms, and for which
there is a tradition of employing monetary metrics for evaluation. For example, the monetary benefits of
flood damage reduction for some community achieved by wetlands restoration in the watershed would
be evaluated and reported in monetary terms in the same way that the flood damage reduction benefits
for a levee would be evaluated and reported. On the other hand, for life support and waste assimilation
services, the challenges to monetization described above need to be recognized. For this reason the
framework leaves the decision on the extent of monetization of service changes, beyond the services
that traditionally have been measured in monetary terms, to the participants in the planning
collaboration; they can determine for themselves the credibility and hence the decision support utility of
such measures.

Reference Conditions for Comparing and Justifying Alternative Plans

The decision-making challenge is to decide how much life support output is justified in consideration of
financial and opportunity costs. Current Corps policy eschews monetization to justify a level of life support
output. Instead, the District Engineer makes a recommendation on the justified level of output, as
informed by cost-effectiveness and incremental cost (CE-IC) analysis. In a simple graphical display, one
non-monetary metric of life support output would be displayed on the horizontal axis and net costs on the
vertical axis. If the cost curve turns sharply upwards at some point, that inflection point helps to
determine when additional units of the life support output may not be warranted by the cost required to
achieve it.

However, the CE-IC framework does not define an end point that identifies where a higher level of
investment cost to achieve a higher level of life support output is unwarranted. In the case of planning for
recovery of an endangered species, such an end point would be a “viable” population that would make
de-listing of the species possible. Outside the special case of planning for an endangered species, a
possible end point for some life support output might be achieving some watershed reference condition.

Suppose the planning objective is to increase the population of a specific fish species in a river. The
reference condition might consider a time in the past when the hydrologic conditions in the river
supported what the planning stakeholders agree was a preferred level of the fish species. Based on that
reference, a model of the hydrograph for that time could be developed and used to determine hydrologic
indicators for representing plan effects on life support services, as well as for defining a target hydrograph
corresponding to the preferred level of life support output. However, it does not follow that the
recommended plan must meet the target hydrograph (indeed, it may be the case that none of the
formulated plans could reach the target). The EC-IC analysis would be done and a judgment would need to
be made on whether the incremental costs of plans that provide higher levels of life support output are
justified.
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End Notes

! The evaluation and comparison of alternatives will be against various choice criteria in order to support
recommendation of a preferred alternative by multiple decision-makers (non-federal sponsor, District
Engineer, Chief of Engineers, Office of Management and Budget, and the Congress). There can be no
single bright-line computation that identifies the “best” alternative when there are multiple, non-
commensurate choice criteria and multiple decision-makers. Therefore the intent of this framework is to
produce a complete and useable display of the multiple and incommensurate measured effects of
alternatives in order to best inform those who have the responsibility for choosing a preferred plan and
recommending a federal funding contribution for implementing that plan.

2 NEQ effects are expected to be realized over time and at the watershed scale as a result of plan
implementation.

® Current Corps planning guidance uses the term “national economic development” effects to represent
the economic efficiency implications of plans that lead to a reallocation of natural and human capital in
the larger economy. In common understanding, however, that term refers to “economic growth”
associated with the productivity of natural and human capital as reflected in changes in employment,
wages, rents, and profits. In this framework, this category of effects relates to economic efficiency
(rather than economic growth) and is labeled as national economic efficiency effects to avoid potential
confusion. Beneficiaries’ “Willingness to Pay” (WTP) for project outputs is a measure of economic
benefits for economic efficiency evaluation. If infrastructure investments were to be evaluated for their
potential to increase economic growth, this would require measures of economic performance that are
different than WTP measures. If deemed necessary, further development of the framework could
address measures for evaluating the implications of plans for economic growth, recognizing that such
growth effects are most likely to be associated with inland navigation and port development planning
contexts.

* Negative changes are foregone existing benefits (opportunity costs) of the current service flows from
the water and related land resources system, including the benefits that currently are realized from the
engineering works now in place.

> This corresponds to the Environmental Quality “account” in current Corps planning guidance, except
that environmental effects at the watershed scale have been separated out for isolation in the new NEQ
effects category.

® Evaluation of the employment and income effects of alternatives on low income, minority, and tribal
communities is the only place in this framework where the evaluation of what current Corps planning
guidance calls “regional economic development” (RED) effects are deemed relevant. Other than for this
subset of the affected population, RED effects are not relevant as a federal evaluation criterion because
such impacts have long been recognized as representing transfers of economic activity rather than
national economic efficiency effects.

7 Scoping in this framework is given added importance relative to how it is addressed in current Corps
planning guidance.
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& An alternative term to describe the need to define the systems of interest would be "planning scope"
to emphasize both the geographic and non-geographic elements of the relevant systems.

® This is the same watershed scale used when considering the effects of wetlands dredge and fill
permitting and compensatory mitigation offsets (e.g., mitigation banking) within the Corps regulatory
program.

1% Consider the analogy of a throw of perfectly balanced dice. In this case there is no knowledge
uncertainty because we know that the possible outcomes must be between 2 and 12. However, for any
given throw we can only assign a probability to the outcome. Continuing with this analogy, if we were
handed the dice and knew little about them we would have knowledge uncertainty (the dice might not
be balanced). We could invest in testing the balance of the dice and in so doing reduce knowledge
uncertainty. The dice example can be misleading, however. The throw of a dice is a “closed” system,
meaning that we may not know the outcome for any throw, but we can place bounds on and assign
probabilities to the range of possible outcomes if the dice are balanced. If the system were instead
“open,” that would mean that there were many unknown and unknowable external factors that could
cause the future outcome to fall outside the range we might expect. Many argue that environmental
and economic systems are open systems and so uncertainty due to knowledge uncertainty as well as
unbounded natural variability may exist. Some would use this argument to advocate for a precautionary
principle decision rule. However, the precautionary principle implicitly favors the status quo, and change
may be desired. Beyond the precautionary principle, plan formulation could include redundancy and
feedback elements, and a “robustness” criterion might be one decision factor. If incremental
implementation were possible and committed to, then adaptive management strategies might be
favored.

" The reasons path 1 was followed, including but not limited to limited study resources, should be
justified. The qualifications of the professionals and experts whose judgments were used to assign
values to key parameters and variables should be described.

12 When forecasting future, without-project conditions when the level of uncertainty in future resource
conditions makes it impossible to reasonably bound the range of possible plan outcomes, then scenarios
representing different potential future resource conditions should be employed for plan formulation,
evaluation, and display. Subsequent evaluations of plan effects would then be made under the different
scenarios. When there is evidence that evaluations of plan effects are sensitive to the different
scenarios, analysts should report on that uncertainty and provide a written characterization of the
premises underlying each alternative scenario that identify what would need to happen for the scenario
to be realized (the concept of “premise sets” can be used to achieve this result).

3 A compelling application of premise-based scenario planning can be found in: U.S. Army Corps of
Engineers, Portland District. 1985. Decision Document — Mt. St. Helens, Washington. In-House
Document 99-135, December 10, 1985. Communication from the Assistant Secretary of Army (Civil
Works). Washington, DC: Government Printing Office.

14 Gail Bingham, President Emeritus of RESOLVE, contributed to the development of the conceptual logic
in this section. Ms. Bingham served as a Senior Fellow at IWR during 2009, has mediated water policy
and other natural resources issues for over 30 years, and is the author of numerous publications
including, When the Sparks Fly: Building Consensus When the Science is Contested.
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> The concept of “Circles of Influence” can be applied to organize the different options for engagement.
http://www.computeraideddisputeresolution.us/bestpractices/circlesofinfluence.cfm

'8 This list is adapted (with significant changes) from:
http://www.fermilabcommunity.org/pdfs/spectrum.pdf

7 A consideration in choosing a level of engagement is the constraints imposed by the Corps’ internal
review process and the Federal Advisory Committee Act (FACA). If the levels of engagement deemed
warranted by IWRM are to be realized, the Corps should review its current internal review polices and
interpretations of FACA to maximize the possibility for engagement, and then issue clarifying guidance
to its field offices.

'8 This section of the framework is written with only limited attention to the implications of uncertainty
and the level and form of agency and stakeholder engagement. Any further development of this
framework would need to address how the description of standard planning elements might need to be
altered to better incorporate options for addressing uncertainty and agency and stakeholder
engagement. For example, if a full “Shared Vision Planning” process for engagement were to be
employed, the planning elements and the sequence in which they are addressed might be changed. See:
http://www.iwr.usace.army.mil/docs/iwrreports/10-R-5.pdf

19 This wording is meant to distinguish “objective-based planning” from “target-based planning,”
although targets based on statements and goals may become constraints on planning (e.g., meeting a
water quality standard or securing some minimum level of residual risk) or a focus of planning (ESA
requirements). The recognition of such constraints is addressed in plan formulation and can be
accommodated in plan evaluation. See: Deason, J.P., Dickey, G.E., Kinnell, J.C. and Shabman, L.A. "An
Integrated Planning Framework for Urban River Rehabilitation," Journal of Water Resources Planning
and Management, November/December 2010.

2% Note that in current Corps planning guidance, the list of formulation criteria includes “efficiency” as a
fourth formulation criterion. It states, “Efficiency is the extent to which an alternative plan is the most
cost-effective means of alleviating the specified problems and realizing the specified opportunities.” In
effect, efficiency is a way to remove “dominated” (clearly inferior) plans from further consideration.
However, the concept of a dominated plan is difficult to apply as an operational matter in the multi-
criteria decision setting, at least at this planning stage. See the Phase 1 display discussion (later in
framework) where the concept of removing dominated plans from final consideration is addressed.

2! This formulation criterion will consider preliminary and conceptual determinations of the types and
extent of compensatory mitigation that would be needed to offset the adverse environmental impacts
at the watershed and sub-watershed scales, as well as any adverse impacts of plans on current
watershed uses as part of the acceptability screen.

%2 The issue paper on floodplains, flood risk management and public safety, which is included in

Appendix A to this paper, outlines the reasons for formulating a Protection and Restoration Plan when
the planning problem and opportunities include flood risk management.
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2 The explicit formulation of a Protection and Restoration Plan (PRP) contributes to creating a
consistency between the way that compensatory environmental mitigation plans are developed for civil
works planning, and the ways such compensation plans are expected to be developed for permitted
dredge and fill projects under section 404 of the CWA. The matter of consistency between the
compensatory mitigation planning in these two areas of Corps responsibility is a current focus of
concern. However, unlike the 404 permitting context, the conceptual civil works planning framework
presented here does not dictate selection of the PRP as the preferred alternative.

** Note that the purpose of formulating a plan that includes adaptive management elements is to
address analytical uncertainty. An adaptive management plan is not one that calls for refining and
modifying all elements of the plan over time, which is a process more appropriately called “evolutionary
problem solving.” More description of the minimum requirements for an adaptive management plan
and explanation of the distinction made here between adaptive management and evolutionary problem
solving would be provided in any further development of this framework.

2> This characterization of NEE measurement recognizes that the same NEE effect can sometimes be
evaluated in affected input markets (the economic value of water and related land resources) or
alternatively, in affected output markets (the economic value of the national output of goods and
services produced using water and related land resources). For assessing the benefits of flood damage
reduction, however, restrictions on measuring NEE effects in input markets (using land market analysis)
are needed because of myriad issues relating to the subjective perceptions of flood risk on the part of
land market traders that make this approach conceptually problematic.

?® The negative changes in the future, without-project condition relative to the reference condition must
be the result of past Corps and non-Corps actions, and not be the result of future non-Corps actions.
Otherwise, the plan would represent Corps-funded mitigation for non-Corps activities.

%’ For further discussion of NEQ metrics for evaluation, see Appendix B. Substantial additional
development of the NEQ metrics discussion is possible and would be required in any further
development of the framework.

8 When applicable, these plan effects will serve as additional considerations in determining the set of
plans that are offered for possible recommendation. For example, a GIS mapping with readily available
data would allow the analysts to spatially display the risk reduction and residual risk levels (property
damages and population at risk) in flood-prone areas, with and without a plan in place. The analyst
could then overlay those results with the socio-economic descriptors of those groups located in flood
prone areas and display (in map and/or tabular form) how the risk reduction benefits and residual risk to
those groups are affected by alternative plans.

2% This sentence is intended to provide general guidance on the application of monetization to ecological
life support services. Further explanation can be found in the issue paper on evaluation included in

Appendix B to this paper.

* The question of whether to discount NEQ effects in the same way as NEE effects is partly addressed by
the requirement to display the time path of NEQ effects.
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31 This section addresses concerns relating to effects of public programs on the NEE calculations; for
example, the use of agricultural prices that are significantly influenced by federal agricultural policies.

32 For example, adverse effects on NEQ and OEQ should each be shown alongside a description of the
conceptual compensation plan for these adverse effects as well as the estimated financial costs of
implementing the compensation plan. Similarly, any evaluated adverse effects of a plan on existing
watershed uses (e.g., recreation), should be shown alongside a description of any conceptual
compensation plan for these effects as well as the estimated financial costs of implementing the
compensation plan.

** The purpose of using the Protection and Restoration Plan as a point of reference for evaluating
incremental NEE and NEQ effects is to be responsive to the often expressed criticism that Corps
planning does not formulate and consider plans that address problems and opportunities while avoiding
adverse impacts on the environment. In many (perhaps most) planning cases, opportunities for fully
addressing problems and opportunities while avoiding adverse impacts on the environment may be
limited or non-existent. For example, a Protection and Restoration Plan formulated to serve flood
damage reduction (e.g., a plan involving permanent removal of structures in one area of a floodplain)
may involve unacceptably high residual flood risks for adjacent properties. As another example, a
Protection and Restoration Plan for improving deep draft navigation (e.g., a plan involving freight
gueuing or riding existing tidal changes) may not sufficiently address a defined problem of high harbor
access costs for container ships. In such cases, the incremental analysis can help decision-makers to
document limitations of the Protection and Restoration Plan for alleviating problems and realizing
opportunities, while at the same time use that plan to systematically consider and balance the
incremental NEE and NEQ effects of other plans in decision-making.

* While the Protection and Restoration Plan serves as a point of reference for Phase 2 plan comparison,
and should be carried forward for selection consideration when it meets all formulation criteria, there is
no presumption that this plan should be selected as the preferred alternative.

** Section 3.2.1 (e)(3) describes the different levels of engagement with others in planning. Aside from
level 1 (inform), the other levels of consult, involve, collaborate and shared decision-making imply that
decisions by the District Engineer on a recommendation of the preferred plan cannot be made in
isolation from the preferences of other entities. Ideally, the District Engineer might lead a deliberative
process to reach agreement on a preferred plan and organize that discussion around the plan display
and comparison information.

%% Examples of possible aggregate decision criteria include one or more of the following: net NEE,
robustness, and NEQ incremental justification. Further identification and explanation of possible
aggregation options can be prepared as part of any extension of this framework. In addition, the
administration budget process might require certain aggregation results to be reported. However, if
aggregation is used and reported in the justification narrative, the report should still include the plan
display and comparison information and relate the creation of the aggregation criteria to that
information.
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Maass-White Visiting Scholar Fellowship

Dr. Leonard Shabman

Dr. Leonard Shabman served as the IWR Maass-White Visiting Scholar during
2004--2006 and since then as IVWR Visiting Scholar, where he worked on a variety
of activities connected with the overarching theme of water resources planning
and policy analysis. Dr. Shabman’s primary employment is as a Resident Scholar
with Resources for the Future in Washington, DC. He joined Resources for the
Future in 2002 after three decades on the faculty at Virginia Tech.

Dr. Shabman has served as a staff economist at the United States Water
Resources Council and as Scientific Advisor to the Assistant Secretary of Army.
At Resources for the Future his research and communications efforts are focused
on programs for flood and coastal storm risk management, design of payment for
ecosystem services programs, water quality management under the Clean Water
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FOREWORD

The United States is a maritime nation. From its origin as 13 former colonies to its place as the
preeminent world power today, our Nation’s success has been dependent on our coastal ports and
inland waterways to conduct trade. Recognizing the importance of transportation to trade, the Nation
had made a strong intergenerational commitment to develop its transportation networks. From the
building of roads and canals in the early days of our Nation, to later construction of the transcontinental
railroad and to the creation and development, just within my lifetime, of the Interstate Highway System,
the Nation has committed the time and resources to enable and facilitate the large scale movement of
raw materials and finished goods from their origin to manufacturer or market, both within our borders
and internationally.

These networks of highways, railways and inland waterways connect the interior of our country to our
ports, which connect us to the rest of the world. These transportation networks have contributed to our
success by providing a cost-efficient and environmentally sustainable means to transport large
guantities of cargo over long distances and across oceans, keeping this Nation competitive in world
trade.

Population and income drive demand for trade, and trade drives the demand for transportation
services. The U.S. population is expected to increase 32 percent, or almost 100 million people, in the
next 30 years. The greatest population growth will occur in the South and West. Per capita income is
expected to increase 170 percent in the same time period. These increases will drive increased trade,
with imports expected to grow more than fourfold and exports expected to grow more than sevenfold
over 30 years. The recent U.S. Navy Commercial (http://www.youtube.com/watch?v=EEtZ5r0ClYI),

which states that 70% of the world is covered by water, 80% of all people live near water, 90% of all
trade travels by water, highlights the importance of waterborne commerce to the Nation and the world.

Our interconnected transportation networks, built in the last century or earlier, resulted in a
competitive trade position for this Nation. In order to pass on to future generations the benefits of our
competitive trade position, the Nation needs to ensure effective, reliable, national transportation
networks and interconnections for the 21st Century. However, as Admiral John C. Harvey, Jr.,
Commander of the U.S. Fleet Forces Command, put it, “...many of our citizens have taken our maritime
services for granted — we are no longer a ’sea conscious’ Nation — even though we live in a global
economy where 90% of all commerce is still transported by ship...” Despite this, | believe we have an
opportunity as a Nation to strategically position public and private investments to become again a world
maritime leader.

The Nation is taking steps to seize that opportunity. The Conference Report for the Consolidated
Appropriations Act of 2012 (Public Law 112- 74) requested a report from the Institute for Water
Resources on how Congress should address the critical need for additional port and inland waterway
modernization to accommodate post-Panamax vessels. Post-Panamax vessels are a reality today. They
make up 16% of the world’s container fleet, but account for 45% of the fleet’s capacity. The efficiencies
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of scale they provide drive the deployment of more and more of these vessels. By 2030, they are
expected to make up 27% of the world’s container fleet, accounting for 62% of its capacity. This report
provides an analysis of the broad challenges and opportunities presented by the increasing deployment
of post-Panamax vessels and outlines options on how the Congress could address the port and inland
waterway infrastructure needs to accommodate those vessels.

This Nation must address the need and the challenges of a modern transportation system and evaluate
potential investment opportunities. This report advances that objective. It contributes to an ongoing
public discussion, which is already underway, and will help inform current and future decisions on the
maintenance and future development of our ports and waterways and their related infrastructure.

Major General (MG) Michael J. Walsh
United States Army Corps of Engineers
Deputy Commanding General for Civil Works and Emergency Operations

INSTITUTE FOR WATER RESOURCES [\ U.S. ARMY CORPS OF ENGINEERS



Preface

The U.S. Army Engineer Institute for Water Resources (IWR) welcomed the opportunity provided by the
Consolidated Appropriations Act of 2012 (P.L. 112-74) to prepare this report, U.S. Port and Inland
Waterways Modernization: Preparing for Post-Panamax Vessels. We approached this assignment in a
manner befitting the trust and confidence in IWR’s work that is reflected in the Committee’s designation
for this important study.

The resulting document was developed as a true team effort, with the collaborative participation of not
only IWR’s own in-house specialists and visiting scholars, but also from experts in USACE’s various
navigation mission specialties from across the organization including the National Planning Centers of
Expertise in Deep Draft Navigation and Inland Navigation, located at USACE Mobile and Huntington
Districts, respectively, and cost specialists from Walla Walla District and USACE Headquarters. The
Institute’s efforts were also supported via contracts with the private sector and through a robust public
outreach process administered by its Conflict Resolution and Public Participation Center. The Center
helped to facilitate openness and transparency as the study progressed, providing public listening
sessions and opportunities for input and comment from the navigation community and other interested
parties.

Nevertheless, providing advice on “how the Congress should address the critical need for additional port
and inland waterway modernization to accommodate post-Panamax vessels,” as requested in P.L.112-
74, implies that the Committee has substantial expectations regarding the certainty and utility of such
advice. Let me clarify those expectations at the front and acknowledge that if the history of maritime
transportation is any indication — despite what we think we know — uncertainty will persist in the years
immediately after the opening of the expanded Panama Canal as to how the Canal’s new capacity will
specifically drive the future direction of intermodal freight logistics in the U.S., particularly with regard
to the timing of the resulting infrastructure needs that will ultimately manifest.

As Christopher Koch, President and CEO of the World Shipping Council, testified earlier this year before
the House Transportation and Infrastructure Committee’s Water Resources and Environment
Subcommittee, “There is neither a single issue nor solution to how to prepare for future maritime
transportation infrastructure needs... There is a plethora of studies, opinions and prognostications about
what the effects of the new [Panama Canal] locks will be on trade flows, ship sizes, volumes,
transshipment port development, and which U.S. ports will benefit by the new locks...It will probably
take some years before it is clear exactly what changes to cargo flow, and its supporting transportation
network, will result from the new locks.”

What we do know is that the world economy is changing, with the pace and scope of these changes
accelerating and expanding in unpredictable ways. Shifts in global alliances and political structures, the
critical role of emerging technologies, the waxing and waning of the wealth of nations, and even
changes to the climate and the natural environment that are impacting agricultural production and the
availability of water, are all manifesting right before our very eyes.
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But that is the challenge — often we don’t pick up the signals that announce many of these changes, nor
truly appreciate the significance of the shifts while they are happening or understand the long-term
implications associated with these permutations. It is only later, in retrospect, that we recognize some
of these changes as transformative “game-changers” to the status quo we mistakenly assumed would
continue into the future ad infinitum.

In fact, although many now trace the existence of today’s modern containerships to the vision of
American truck magnate Malcom McLean, who deployed the first container vessel in the U.S., the
converted T2 tanker Ideal X, who among us realized that when the Ideal X carried 58 containers from
Port Newark, NJ to Houston, TX on its maiden voyage on April 26, 1956 that we were witnessing the
beginning of a revolution in modern shipping that represented a mega-shift in world trade? In his book
“The Box,” author Marc Levinson points out that “absolutely no one anticipated that containerization
would open the way to vast changes in where and how goods are manufactured, that it would provide a
major impetus to transport deregulation, or that it would help integrate East Asia into a world economy
that previously had centered on North America.”

By undertaking the current expansion, Panama will double the Canal’s capacity. The resulting economy
of scale advantage for larger ships will likely change the logistics chains for both U.S. imports and
exports. Despite the uncertainties in timing and port-specific implications that still need to play out, the
certain injection of successive new generations of post-Panamax vessels into the world fleet could be a
“game-changer” for the U.S. over the long term, as it has the potential to not only provide a cost-
effective complement to the intermodal transport of imports via the U.S. land bridge, while also re-
shaping the service from Asia to the Mediterranean and on to the U.S. East Coast, but may also affect
the highly competitive transport price structure along the Midwest to Columbia-Snake route for grain
and other bulk exports bound for trans-Pacific shipping. Inland waterways play a key role in the cost
efficient transport of grains, oilseeds, fertilizers, petroleum products and coal. Gulf ports play key roles
in the transport of these commaodities, such as New Orleans being the dominant port for the export of
grains from the U.S. Therefore the expanded canal could provide a significant competitive opportunity
for U.S. Gulf and South Atlantic ports and for U.S. inland waterways — if we are prepared.

Through effective planning and strategic investment the U.S. can be positioned to take advantage of this
opportunity. The railroad industry has been investing $6-8 billion a year over the last decade to
modernize railways and equipment, and U.S. ports plan public and private-sourced landside investments
of the same magnitude over each of the next five years. Annual spending on waterside infrastructure
has been averaging about $1.5 billion.

While the U.S. has ports on the West Coast (Los Angeles, Long Beach, Oakland and Seattle/Tacoma) and
East Coast (New York, Baltimore and Hampton Roads) expected to be ready with post-Panamax
channels in 2014, there is currently a lack of post-Panamax capacity at U.S. Gulf and South Atlantic ports
—the very regions geographically positioned to potentially be most impacted by the expected changes in
the world fleet. The Corps currently has 17 studies investigating the opportunity to economically invest
in deep draft ports. At the Port of Savannah, USACE has identified an economically viable expansion to
accommodate post-Panamax vessels. This project is estimated to cost $652 million dollars. It is possible
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that several of the remaining studies will also show economic viability and, if so, the challenge will be to
fund these investments. In addition, justified investments in inland waterway locks and dams will be
needed to allow the waterway transport capability to take advantage of an expanded canal for U.S.
exports. This emphasizes the strategic need to address the revenue challenge within the Inland
Waterway Trust Fund.

Given this opportunity presented by the deployment of post-Panamax vessels, it is critical that the U.S.
develop and move forward with a strategic vision for a globally competitive navigation system that sets
the context for ensuring adequate investment in maintaining current waterside infrastructure and also
facilitates the strategic targeting of investments to ensure the U.S. is ready for post-Panamax vessels
and “cascade” fleet deployments consistent with the growth in global trade that is anticipated over the
next twenty years.

Constrained Federal funding both for harbor channels and inland waterways can be expected due to
overall economic and fiscal conditions and concerns about the deficit. This underscores the need to
consider new and innovative public and private funding sources and financing methods with long-term
reliability that can finance the navigation system maintenance and expansion that will be necessary to
ensure a globally competitive U.S. navigation system. The Institute stands ready to support USACE, the
Administration and Congress in realizing this 21° Century vision.

Robert. A. Pietrowsky
Director, Institute for Water Resources
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Executive Summary

“The potential economic gains from trade for America are far from exhausted. Roughly three quarters of
world purchasing power and almost 95% of world consumers are outside America's borders... Trade
remains an engine of growth for America.”

Office of the United States Trade Representative
http://www.ustr.gov/trade-topics/economy-trade

The health of the U.S. economy depends, in part, upon the vitality and expansion of
international trade. International trade depends upon the Nation’s navigation infrastructure,
which serves as a conduit for transportation, trade, and tourism and connects us to the global
community. Marine transportation is one of the most efficient, effective, safe and
environmentally sound ways to transport people and goods. It is a keystone of the U.S.
economy. Ninety-five percent of our international trade moves through the Nation’s ports.

Cargo carriers, seeking to service this global trade more efficiently and lower costs, are
commissioning the building of ever larger ships, known as post-Panamax vessels. These vessels
are currently calling at U.S. ports and are expected to call in increasing number. The completion
of the Panama Canal in 2014 will influence the timing of their arrival at certain ports. Howe