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Findings of the National Drought Study
The nature of drought

1. Definition. Droughts are periods of time when natural or managed water systems do not provide
enough water to meet established human and environmental uses because of natural shortfallsin
precipitation or streamflow.

2. Drought management is a subset of water supply planning. The distinction between a“drought”
problem and a “water supply” problem is essentially defined by the nature of the best solution. Urban
areas that persistently use more than the safe yield of their water supply systems may have frequent or
even standing drought declarations that could only be eliminated through strategic water supply
measures. Those measures can be structural, such as the construction of new reservoirs, or non-
structural, such as conservation.

3. Drought response problems are water management problems. Participants at a National
Science Foundation Drought Workshop concluded that attempts to understand and address the failings
of water management during drought would be unsuccessful unless shortcomings in the larger context
of water management are also understood and addressed. This was also one of the conclusions drawn
by the Corps of Engineersin thefirst year of the National Drought Study (IWR, 91-NDS-1), and the
premise upon which the DPS method was built.

The seriousness of the problem

4. Concern is widespread. Fifty percent of all water supply utilities asked their customersto reduce
consumption during the 1988 drought (Moreau, 1989). In a 1990 poll, forty-one percent of U.S.
mayors anticipated water shortages in the next several years, caused by drought, growing population,
water pollution, and leaks from distribution lines (Conserv90).

5. Water use is stable nationally. Several reportsin the 1970s forecast rapid increasesin American
water use, creating an impression that lingersto this day that water use is increasing. But the National
Council on Public Works Improvement reviewed several nationwide studies and concluded that each
“faced several problemsin developing a comprehensive and reliable estimate” of future water supply
needs. Infact, total American water use isless now than it wasin 1980, although there is growth and
more intense competition for water in some regions.

6. Several statesreported that water quality suffered during drought because low flows affected their
ability to dilute effluents from wastewater treatment plants and sustain the agquatic ecosystem.

7. Drought impacts are difficult to measure. Thisis because:

® They are often reported as reductions from the benefits a water system can support when
water is plentiful; this approach often overstates the problem because these drought “ costs’ are
usually based on sizing the water system so as to maximize return on the economic and
environmental investments in the water system and is not necessarily based on efficient use of
the water resource.

e |mpacts caused by drought are difficult to separate from impacts that occur coincidentally
during adrought. Because droughts continue for much longer than floods, earthquakes, or



wind storms, external factors (such as recessions, market changes, land management, and
fishing practices) may aso contribute to the impacts associated with drought, as was the case
recently in California.

® Regional drought impacts are often more than offset at the national level by gainsin
production somewhere else in the country.

8. Drought impacts understate our aversion to droughts. Despite the overestimation of impacts
induced by the above factors, the levd of conflict and anxiety droughts stimulate is till apt to be far
greater than the magnitude of impacts would suggest. On anational and even astate level, the
impacts to agriculture and urban areas from the California drought were relatively small, but the
drought was newsworthy for years and played a significant role in the passage of new state and new
federa laws. Observations of droughtsin the 1980's suggest that turmoil will be greater when the
losses are felt more personally and when long term entitlements to water use are threatened.

Shortcomings in the way we have dealt with droughts

9. Learning from the past. Lessonslearned during ongoing droughts are too rarely documented,
critically analyzed, and shared with other regions;

10. Price and efficient use. Water is almost always priced below its economic value to users or full
cost to produce. Thistendsto impede efficient use of water.

11. Assessing risk. Information about expected drought severity and duration is not readily available,
S0 risk assessments cannot be quantified as well.

12. The problems are integrated, solutions are not. Management responsibilities for problems that
are physically integrated in ariver basin are fragmented by agency missions and political boundaries.
The many disciplines required to analyze drought problems and develop and ingtitute solutions are
poorly coordinated.

13. Typical problems with traditional drought plans include (IWR, 91-NDS-1):

e they may not recognize newer uses of water

e they are usualy designed for the drought of record, without consideration of the rarity of
that drought

e they often are not understood or endorsed by those who will suffer the impacts of the
drought

e they may not sufficiently address equity issues or economic differencesin the use of water
e they are often triggered by indicators not related in a known way to impacts.
e they are better characterized as documents rather than ways of behaving, and so their

effectiveness diminishes as staff changes occur and time passes between plan preparation and
drought.



14. There are three time frames for response planning. Drought responses can be classified as
strategic, tactical, and emergency measures. Strategic measures are long term physical and
institutional responses such as water supply structures, water law, and plumbing codes. Tactical
measures, like water rationing, are devel oped in advance to respond to expected short term water
deficits. Emergency measures are implemented as an ad hoc response to conditions that are too
specific or rare to warrant the devel opment of standing plans.

15. Technology transfer. Methods for managing water for multiple objectives have been developed
and tested over decades, but that tradition resides in the agencies that built the extensive complex of
federal dams, not in the organizations responsible for preparing tactical drought plans. This expertise
must be transferred before that institutional memory is retired.

16. Law and drought. Law sometimes drives and sometimes constrains water management during
drought. Basic appropriations doctrine discourages water conservation, because water not put to
beneficial use may be lost, but many western states have modified the basic doctrine to accommodate
conservation. In addition, sixteen eastern states have legislation recognizing the need to conserve water
supplies.

17. Basin transfers and drought. Diversions are strategic measures designed to increase water
supply reliability. During a severe drought, if the necessary facilities exist and the state law allows,
temporary interbasin diversions may be authorized to meet the needs of the most severely affected
aress.

Lessons from the Case Studies

18. Domestic water users are willing and able to curtail water use during a drought. During the
first two years of the drought, a mixture of voluntary and mandatory conservation in California scities
reduced water use from 10 to 25%. In the last three years of the drought, urban conservation efforts
were generally more intense. Similar savings were recorded in Seattle and Tacoma, Washington in
their 1992 drought.

19. Investments in infrastructure can increase the options for adaptive behavior. Water banking,
storage for instream flow maintenance, conjunctive use of groundwater and surface water, regional
interdependence, and economies of scale require awater storage, allocation and distribution system.
Cdlifornia s storage and distribution system provided the flexibility and resiliency to withstand severe
droughts, even in the face of rapidly growing population and increasing urban and environmental
demands on afixed supply of water.

20. Droughts act as catalysts for change. Complex sociopolitical systems, which reflect a multitude
of competing and conflicting needs, are not particularly well suited for crisis management. Y et despite
these well understood and accepted deficienciesin the democratic decision making process, the overall
conclusion is that communities not only weathered the drought in a reasonably organized manner, but
also introduced a series of useful water management reforms and innovations that will influence future
water uses in a positive manner.

21. Conservation may or may not reduce drought vulnerability. To the extent that methods of
reducing water use during droughts, such as discouragement of outdoor use and physical modifications
to toilets and faucets to reduce water use, are used as long term water conservation measures that
allow the addition of new customersto awater supply system, drought vulnerability is increased.



When normal use becomes more efficient, efficiency gains are harder to realize during adrought. But
it is not dwaysthat simple. In the Boston Metropolitan area, for example, long term conservation will
reduce drought vulnerability because some of the water saved will also be stored for use during
droughts and because some of the most effective long term conservation savings (such as the detection
and repair of leaks) cannot be implemented quickly enough to be as effective as a drought response.

The DPS Method

22. The lineage of the DPS method. The DPS method is derived from the traditional strategic water
resources planning framework, but addresses two common shortcomings in water management: the
separation between stakeholders and the problem solving process, and the subdivision of natural
resources management by political boundaries and limited agency missions.

23. Drought responses are primarily behavioral. The DPS method reflects the fact that, like
responses to earthquakes and fires, drought responses are largely behavioral, and their success depends
on people understanding their role, and knowing how their actionsfit into alarger response.

24. Collaboration between agencies and stakeholders can make planning much more effective.
This collaborative approach:

® harnesses the knowledge and creativity of stakeholders near the beginning of problem
solving efforts;

® makesit morelikely that stakeholders can take actions unilaterally to reduce their drought
vulnerahility;

® huilds broader, deeper stakeholder support for water management plans.

25. Lessons learned from past efforts at collaborative planning are abundant and must be
heeded. The benefits of participatory planning are not guaranteed by simply making the planning
process accessible. Thereisasubstantial body of research and practical experience with participatory
planning, especially in water resources, that is often overlooked. The temptation isto believe that
honesty and common sense will suffice. The participatory methods used and developed during the
Drought Study recognized and managed these potential ligbilities:

® public involvement can involve considerable expense.

e the“public” that getsinvolved in planning may be self-selected and unrepresentative of the
public that will be affected by drought.

e if thepublicisactualy involved in the study process (as opposed to just expressing
problems and goals in workshops or surveys), then additional efforts may be required to
provide technical training and to coordinate the work of public task forces.

e the misapplication of the techniques of group process can result in the use of stakeholder
opinions on issues that should be addressed by experts.

® broader citizen participation increases the risk that the planning process will be slowed or
stopped.
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26. The problem solving team should be appropriate to the problem set. Rarely will there be one
agency or political entity whose responsibilitiesinclude all the problems a region will face during
future droughts. The creation of the DPS team, then, is the creation of a new entity whose collective
interests and responsibilities are pertinent to the set of problems addressed. Thus, the DPS team
congtitutes a new, integrated community that more closely reflects the integrated nature of the
problemshed.

27. The objectives for the drought response must be articulated early and clearly. The DPS
method uses 5 management parameters including the criteria decision makerswill usein approving or
rejecting new plans, planning objectives, constraints, measures of performance, and environmental,
economic, and social effects. Developing good planning objectives early is paradoxically the most
important and most often ignored step in the drought planning process.

28. Innovations. The DPS method takes advantage of several innovations developed in parallédl
during the National Drought Study:

@ The shared vision modd (see Finding 29)

® Circlesof influence and decision maker interviews
e \Water Conservation Management

e Trigger Planning

e The National Drought Atlas

e Virtua Drought Exercises

29. Shared vision models are computer simulation models of water systems built, reviewed, and
tested collaboratively with all stakeholders. The models represent not only the water infrastructure and
operation, but the most important effects of that system on society and the environment. Shared vision
models take advantage of new, user-friendly, graphical simulation software to bridge the gap between
specialized water models and the human decision making processes. Shared vision models helped

DPS team members overcome differences in backgrounds, values, and agency traditions.

30. A Virtual Drought Exercise isarealistic simulation of adrought using the shared vision model
to simulate that experience without the risk associated with real droughts. Virtual Drought Exercises
can be used to exercise, refine and test plans, train new staff, and update plansto reflect new
information.

31. The National Drought Atlas (IWR, 94-NDS-4) is acompendium of statistical information
designed to help water managers and planners answer questions about the expected frequency, duration
and severity of droughts. The Atlas provides a national reference for precipitation and streamflow
statistics that will help planners and manage assess the risks involved in alternative management
strategies.
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32. Water conservation management isthe prioritization and selection of water conservation
measures based on their estimated benefits and costs. A new version of awidely used water use
forecasting model, IWR-MAIN, provides a powerful new tool for linking water savings with specific
combinations of water savings measures.

33. Trigger Planning is a collaborative and continuous process for updating water supply needs
assessments and responding in time, but just in time, with the necessary economic and environmental
investments necessary to address those needs. Trigger planning uses a shared vision model and the
DPS method to minimize those investments while reducing the frequency of drought declarations
caused by inadequate water supply. Trigger planning was tested and refined in the Boston
metropolitan area.

34. There are simple ways to improve agency collaboration with elected officials and
stakeholders. The DPS method used “circles of influence” to effectively and efficiently involve
stakeholdersin the development of plans. The circles created new ways for people to interrel ate and
interact, without destroying the old institutions, their responsibilities or advantages. In addition, during
the DPS's, political scientists conducted interviews with elected officials and other influential political
agents. The interviews were included in reports available to the entire study team, and were used to
assure the planning process addressed issues critical to the public and elected officials.
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FOREWORD

Damaging, prolonged droughts in various parts of the country in the 1980's

and ' 90’ s have been disruptive to normal living patterns. Experience has
shown that although many states and federal agencies possess drought
contingency plans, these plans are not as effective as they should be;
droughts still cause substantial turmoil. In response to the Droughts of
1988, Congress authorized the Corps of Engineers to make a nationwide
survey of this situation, with the goal of finding a better way to manage
water during drought. This effort was titled the National Study of Water
Management During Drought. This report represents the collaborative
work of over 100 researchers and practioners whose model approach to
water management during drought was tested and refined in severa case
studies across the country.

The approach is derived from general water resources planning and
management principles, but has been broadened to accommodate the non-
structural, regional centered nature of drought management. Because of
this, the approach can be used for water resources issues beyond just
droughts.

Xvii



Xviii



INTRODUCTION

This report summarizes the method of
improving water management during drought
developed during the four year National
Study of Water Management During
Drought. The method was tested and refined
in four field studies in different parts of the
country, in which teams of water managers
and users worked together to reduce drought
impacts. In each case, the situations are
complex, involving many different uses of
water. Because such important state and
local responsibilities areinvolved, only a
joint cooperative approach between state and
federal agencies could provide satisfactory
answers. These cooperative field studies were
called “Drought Preparedness Studies’ (DPS)
and the approach, the “ DPS method.”

A DPS can develop the best means of
minimizing adverse impacts of drought
situations with existing infrastructure and
institutions. However, in many cases, the
best management of existing facilities and
institutions could still result in unacceptably
destructive impacts during a severe drought,
particularly as water demand increases with
future population growth. In such cases, the
DPS approach can identify the need for and
begin the process of developing agreement
on the long-range water resources actions
necessary to increase the capacity of the
region to withstand drought. Such actions
should include full consideration of many
alternatives, such as conjunctive use of
ground and surface water, inter-system
management coordination, other means of
achieving water quality, long range demand
management, and even new or enlarged
reservoirs.
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Many components of the DPS approach are
time-proven methods and ideas derived from
federal water planning experience and
research, modified to reflect the importance
of non-federal, non-structural responses to
droughts. The most visible innovation of
the National Drought Study is the use of
stakeholders collaboratively built “shared
vision (computer) models’ of their water
management environments. The DPS
method also encourages the use of aternative
dispute resolution techniques and new
statistical methods that can provide additional
information on the expected severity and
frequency of droughts. What is most
significant isthat all of this has been
integrated into a uniform, consistent
approach that has been tested and shown to
work.

The purpose of thisreport is to explain the
procedure for cooperative federal-state
Drought Preparedness Studies, to indicate
how these studies relate to the longstanding
principles and guidance for federal water
resources investigations, and to indicate the
means of implementing conclusions arrived
at in any given region. Certain parts of this
report will be useful to municipalities and
other entities engaged in drought planning
within the scope of their own responsibilities.
However, the more important useisin
dealing with problems which overlap
jurisdictions.




THE LARGER CONTEXT FOR WATER
MANAGEMENT DURING DROUGHT

Most communities that suffered impacts from
the droughts of the 1980's said they could
have been better prepared, including those
communities that had prepared contingency
plans which specified how the operations of
water systems should change during a
drought.

Federal water management agencies have
established sound principles and guidelines
applicable to water resources studies.
However, these principles have not been
widely applied to plans for water
management during drought. Thisis because
so much of the responsibility for actions to
deal with drought restsin the states and
municipalities rather than in the federal
agencies. The National Drought Study team
developed and tested a method for
developing drought contingency plans which
takes advantage of federal background and
expertise. This guide explains how aregion
can develop practical drought preparedness
plans using those methods, while maintaining
the flexibility needed for local, non-federal
decision making.

WHO SHOULD USE THIS GUIDE?

This guide can be used by anyone concerned
about reducing the vulnerability of awater
system to drought impacts. It is meant
mainly for regional problems, from quick
reviews of drought vulnerability to long and
involved preparedness efforts. The method
issuitable for:

e federal and non-federal drought
preparedness planning

® water systems operation during
drought

e regulatory permitting related to
drought management

The DPS method may also be useful in
dealing with emergency water shortages,
such as those caused by infrastructure
problems or system contamination. The DPS
method is based on long term water planning
principles, so it can be applied quite

naturally to both federal feasibility studies
and non-federal water supply planning.

HOW SHOULD THIS GUIDE BE USED?

The main body of this guide explains a
drought preparedness process in seven
sequential, iterative steps. None of the steps
should be skipped, but the amount of time
and money spent on each step depends on
the particular situation in aregion and how
much information is already available.

The annexes to this report address the most
common issues raised during the case studies
in each of severa professional areas. The
annexes are not meant to be summaries of
these subjects, but in some cases (such as the
annex on aternative dispute resolution) a
brief overview of the subject was aso
provided.

WHEN SHouLD THE DPS METHOD BE
USED?

There are five characteristic situations which
cdll for the use of this method:

e If you just don’t know whether your
community or your region is well
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prepared for a severe drought. Itis
unusual for one person to be responsible for
regional drought preparedness, so it may be
necessary to ask several peopleif (and why)
they are confident that the region is well
prepared. This guide can be used to develop
an inexpensive preliminary estimate of
drought vulnerability.

o If you know there is a drought plan, but
you don’t know if it is adequate. Only a
little more than half the states have drought
preparedness plans. About half of the
country’ s urban water suppliers have drought
contingency plans, but in 1988, fewer than
30% of the urban water utilities had any kind
of quantitative data to support decision
making during droughts. In many cases, the
plans were based on little research and
unrealistic expectations of consumer
responses.

e If you are in the process of developing a
drought preparedness plan. It has become
more commonplace to require drought plans
for utilities and reservoirs. The regulations
often require adocument which lists the
curtailment actions that will be taken when
drought indicators reach certain values, the
water savings expected from these actions,
and the coordination with agencies that
would beinitiated. These sorts of “plans’
offer some benefit and typically require a
minimum of public process and staff time.
The disadvantages of these plansis that they
typically do not establish the real objectives
for water management, nor do they compare
alternative drought plansto find the plan that
best addresses those objectives. The lack of
public process may mean that water users
(especialy new users such as recreators) will
be less well prepared and more adversarial
when the drought occurs.

e If you are involved in any water
resources planning or in the resolution of
water resources conflicts, or

e If you have been faced with a drought
which raised concerns about the adequacy
of future water supply. The methods of the
National Drought Study are based on water
resources management principles, so most of
what is written in this report is applicable to
the rest of the hydrologic spectrum and to
strategic planning.

WHAT ARE THESE METHODS BASED ON?

The methods described in this guide are
based on longstanding, well accepted water
resources planning principles, updated and
tested in the National Study of Water
Management During Drought (1990-1993),
astudy led by the U.S. Army Corps of
Engineers. The study team consisted of
more than one hundred water managers, or
consultants, and researchers from the Corps
and other federal and state agencies, leading
universities, cities, consultants, private
industries, and environmental groups. The
methods described in this guide were tested
and refined in several case studies
representing many of the conditions across
the U.S. A brief comparison of the DPS
method to traditional ways of responding to
drought is provided in Chapter 2.
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1’/ WATER MANAGEMENT AND DROUGHT

The real need is to institutionalize drought management into improved overall water management

systems

- Conclusions from a National Science Foundation Drought Water Management

Workshop, February 1990 (NSF, 1990)

The NSF workshop participants concluded that attempts to understand and address drought
problems will be unsuccessful unless the larger context of which they were an inseparable part is
also understood and addressed. This was also one of the conclusions drawn by the Corps of
Engineers in the first year of the National Drought Study (NDS-1), and the premise upon which
the DPS method was built. This chapter provides a conceptual structure for understanding the
whole into which water management during drought fits, and briefly illustrates linkages between

water management issues.

THE MEANING OF THE WORD
“DROUGHT”

There are many definitions of drought. The
National Drought Study team sought a
definition that was consistent with historic
scholarly usage and accepted usage in water
management operations so that water
managers and planners perceptions of this
phenomenon could be integrated.

A community is often asked to make
sacrifices while a drought continues, and so
differencesin the operational definition
change the answers to important, practical
questions such as, “should we begin to
sacrifice now?’ and “can we stop sacrificing
now?’ The next few paragraphs show the
range of meanings “drought” can have, and
then suggests a basis for creating a definition
which can be used in regional planning.

There are at least 10 meteorological, 4
agricultural, 3 hydrologic, and 3

socioeconomic definitions of drought used in
water management literature (NDS-3). Some
authorsrestrict its use to what others call
meteorological drought (less precipitation
than usual, with “less” sometimes quantified).
Others use “drought” to refer to agricultural
drought (not enough precipitation for crops),
or hydrologic drought (less water available
than usud, typically defined statistically in
terms of less than normal streamflow). But in
water systems that use distant sources of
water or large reservoirs, declarations of
drought may be unrelated to the amount of
local rainfall. Becausethisisaguideto
managing water to reduce impacts from
“drought”, the definition used to guide the
development of the DPS approach had to
include social and economic considerations,
as well asthe meteorological. In many
cases, the connection between meteorol ogical
and socioeconomic droughtsis obvious.

The definition also had to be meaningful to
water supply managers and water system
operators. Finaly, there are also some types
of water shortages that are not called
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“droughts.” For example, although many of
the planning procedures might be the same,
most water managers agree that a pipe break
or an oil spill, either of which can cause a
severe water deficit, should not be called a
“drought.” Thus, for the purposes of this
text, droughts are periods of time when
natural or managed water systems do not
provide enough water to meet established
human and environmental uses because of
natural shortfalls in precipitation or
streamflow.

A WATER RESOURCES PLANNER’S
VIEW OF DROUGHT

If asystemissaid to have a safe yield of

300 million gallons of water aday at 98%
reliability, it meansthat it can supply 300
million gallons per day (mgd) 98% of the
time. The other 2% of the time, the water
manager will declare adrought and make
management adjustments until supplies return
to normal. Water supply planners can make
adjustments so that drought impacts will be
less severe and less frequent over time.

FIGURE 1. A GRAPHIC DEFINITION OF DROUGHT

water

Water supply planners accept residual risks
of very infrequent droughts because the
environmental, social, or economic costs
required to completely eliminate those risks
istoo great.

Over the last severa decades, water
resources planning has become more
sophisticated in response to greater public
concern about the environment, recreation,
and the integrity and effectiveness of
government. Conseguently, more
sophisticated procedures for estimating
impacts, evaluating aternatives, listening to
and informing the public, and making
tradeoffs among dissimilar impacts have been
developed and tested. Much of thiswork is
captured in the series of summary reports on
federal water resources planning and
evaluation: Proposed Practices for Economic
Analysis of River Basin Projects (May 1950,
revised in May 1958 and referred to as “The
Green Book™), Senate Document 97 (1962),
Principles and Standards for Planning Water
and Related L and Resources (the P& S)
(1973) and Economic and Environmental
Principles and Guidelines for Water and
Related L and Resources |mplementation
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Studies (the P& G) (1983). (See Annex A for
adiscussion of these reports).

Figure 1 represents water use as asingle
line, suggesting that if a new reservoir were
built, increasing supply, the frequency and
severity of future drought impacts would be
reduced. In practice, however, new
reservoirs often bring new recreational uses
that become firmly established when
precipitation and streamflow are normal.
When a drought does occur, planners may
find that those who have a stakein lake
recreation will resist drawing the reservoir
down. The new uses bring new benefits, but
add to the complexity of drought response.

A WATER MANAGER’S
VIEW OF DROUGHT

The definition of drought for short-term
management is consistent with the written
definition on page 6 and Figure 1, but more
concrete. It can be more precise because
current stores of surface and groundwater
and current use patterns can be determined
fairly accurately. 1t must be more specific
because coordinated responses to drought
require a common view of whether the
region isin adrought, how bad the drought
is, and how long it islikely to last. Initiating
drought responses too early, too late, or
unnecessarily can be costly. Because an
official drought declaration may be necessary
to initiate some response measures, water
managers typically declare the time the
drought started and ended.

Integration. A simple and meaningful
criticism of most plans for drought response
isthat they do not resemble real responses to
droughts; the furor caused by droughtsis
rarely foreshadowed in drought planning
(NDS-1, NDS-5).

When a drought occurs, water managers will
face the same question planners addressed in
the design of the water system: which plan
produces the most desirable level and
allocation of beneficial effects?

Like the long term planner, the real time
manager will have to listen to and inform the
public, deal with other governments,
agencies, and private organizations, and
confront criticism. And like the planner, the
manager will deal with risk and uncertainty
surrounding the consequences of any
proposed action.

A principal finding of the National Drought
Study was that as arule, water management
during drought has not benefited much from
the research, development and testing that
has improved strategic water resources
planning over the past four decades, despite
the fact that practionersin both fields try to
assure efficiency and equity in the alocation
and use of water and related land resources.

THE RULES FOR MAKING DECISIONS,

INCLUDING DECISIONS ABOUT WATER
MANAGEMENT DURING DROUGHT

Simplifying assumptions make it easier to
deal with things in the abstract. Solong as
the domain of the problem areais restricted,
the loss of realism may not be important.
For example, so long as the surveyed piece
of the earth’ s surface is small enough, it
makes more sense for surveyors to disregard
the curvature of the earth’ s surface when
they measure elevations. The error induced
by this smplification is unacceptable when
larger pieces of real estate are traversed, so a
more complicated (and realistic) view of the
world is necessary.

Aslong as water conditions are close enough
to average, it makes sense for water
managers to assume that water allocation and
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use are established by operating policies.
But severe droughts can cause significant
changes in water allocations and impacts,
often years or decades after operating
policies have been set. The premise of this
introduction, supported by the testimony of
water managers who have gone through
severe droughts, is that drought plans that
disregard this complexity will not be
effective during a drought.

Decisions made about water during drought
are affected by how decisions are made
under normal circumstances. This includes
how concerns about water use, quality and
supply are balanced, what water sources are
used, and how the infrastructure for treating,
storing and distributing water is financed and
maintained. Those water related decisions
arein turn affected by the way decisions are
made about governance, commerce, and
personal behavior. Even these overarching
decision processes can have an obvious
relevance to drought issues, such as
consumer response to demand management
measures, jurisdiction on water alocation
decisions, and the use of water markets.

A useful structure for the rules of decision
making has been proposed (Ostrum, 1977)
and used in the study of water management,
including the National Drought Study (94-
NDS-13). In this structure, water
management decisions are formed according
to three levels of rules: operational,
collective choice, and constitutional.
Physical characteristics, such as reservoir
capacity, are included as part of “scope
rules’ that define the physical domain of the
decision making. Water managers make day
to day decisions according to operational
rule. Operational rules are changed from
time to time to reflect changed
circumstances, such as the growth in
population, or new use for water. These
changes in operational rules are made at the
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collective choice level. An example of such
arule change would be an interagency
agreement on a new drought response plan,
or Federal legidative and executive actions
to construct awater project. Collective
choice rules can be changed only at the
constitutional level. The U.S. Constitution is
agood example of such arule set. It
establishes fundamental concepts regarding
the right of governments to manage water,
and the division of that responsibility
between the federal government and the
states.

A team developing a plan to improve the
regional response to future droughts works at
the collective choice level to define the
operational rules for water management
during future droughts. The team’swork is
authorized and funded under broad
constitutional level rules about the
responsibility and power to manage water.

The linkage of operating rules to higher level
rulesillustrates why elected officials are
ultimately held responsible by citizens who
suffer the impacts of drought. Water
managers who have gone through droughts
experience this linkage through increased
political interest in their decisions. The
methods devel oped during the National
Drought Study help elected officials and
agency staff share information before
drought, when both groups are under less
pressure and have more time to develop
better ideas.

Many socia scientists refer to the sets of
rules for making rational decisions as
institutions (not to be confused with another,
related meaning of the word, organizations).
Institutional analysis is the study of these
rule sets and their consequences on the
attainment of human goals.




The phrase “institutional study” has a
narrower common usage in the water
resources field. It typicaly refersto efforts
that analyze whether changesin collective
choice rules (such as agency jurisdiction and
mission, interagency coordination, and law)
will alow improvements in water
management that could not be obtained by
fine tuning the operational rules. Much of the
criticism of current American water
management focuses on institutional
problems (NDS-1, Rogers 1993).

Changes in the way water is managed, for
drought or any other circumstance, can be
expressed and analyzed as changesin this
structure of rules for making decisions about
water.

GOALS AND OBJECTIVES

FOR MANAGING WATER
Goal and objective are often used
synonymously, but the derivation of each
word suggests a useful distinction between
the two words. “Goal” is derived from a
Middle English word gol (“aboundary”).
Objective is derived from two Latin words,
ob (“towards”) and jacere (“to throw”). In
thelir root sense, then, agoal is an ultimate
purpose, whereas an objective is something
aimed or striven for more immediately. The
ultimate goals for managing water are found
in concepts like health and happiness. To
direct us towards those goals, we define
objectives such as greater environmental
quality, economic efficiency, socia well
being, equity, national security, and better
international relations. The concept of
sustainability is often seen as a direction,
rather than a destination. Sustainability
recognizes the importance of environmental
objectives for long term human (economic)
use of natural resources. It places greater
importance on future economic output than
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traditional economic theory, which discounts
the value of goods received in the future
(Lee, 1992).

Multiobjective water management is the
process of making decisions about water
after consideration of the conseguences with
respect to these objectives. (Major, 1977).
(Annex A briefly discusses the origins of
multiobjective water management. Chapter 7
discusses how to account for and make
tradeoffs between objectives.) These
national objectives become goals for regional
water management efforts, such as drought
preparedness studies, while still more
specific planning objectives are devel oped to
address regional desires. Regional planning
objectives are discussed in more detail in
Chapter 4.

OTHER COMMON CONCEPTS
IN WATER MANAGEMENT

Multipurpose water management is not the
same as multiobjective water management.
The most common purposes for water
management are navigation, recreation,
municipal and industrial use, dilution of
effluents, instream biological requirements,
hydropower, irrigation and livestock
watering, flood damage reduction, and
coastal and streambank erosion damage
reduction. Multipurpose refersto structures
or practices involving more than one of these
purposes. Integrated water management has
been used recently in different ways,
sometimes referring to the analysis of water
supply and demand options together,
sometimes to the coordination of water
quantity and quality options.

A watershed is a geographic areain which
water drains to acommon outlet. A river
basin can contain many watersheds.
Watershed management and river basin




management are both based on adesire to Water can be supplied from surface or

manage holistically. However, the potential ground sources. In the physical domain,
difference in scale may make watershed groundwater and surface water are linked.
management more feasible and the But the institutions for managing surface and
relationship between stakeholders and groundwater are usually different and
management groups more effective. The separate, and that can make it difficult to
term problemshed is a play on words that manage the two sources conjunctively
reflects the fact that in some cases, the (ACIR, 1991).

problem area may not be the same as the
river basin area.  Reductions in hydropower,
for example, may affect power users outside
the river basin where the power is produced
because power grids allow utilities to share
power over awide geographic area.

The DPS method is based on principles drawn from and consistent with this broader context.
It is that consistency that makes the method appropriate for water resources planning and
management in general. The next chapter provides an overview of this method.
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Bad water management often occurs when facts are confused with values, when means are
confused with ends, and when technical judgments are made by citizens and politicians while

value judgments are made by scientists and professionals.

- William B. Lord (Water Resources Bulletin,1984)

“In the last twenty years, there has been a proliferation of government reports, scholarly
literature, and popular works favoring changes in water policy. Common themes abound ... they
often observe that broader planning and basin management are preferable to present approaches.
Lawyers, economists, political scientists, geographers, citizen groups, and government
commissions all have reached remarkably similar conclusions.”

- David Getches (Water Resources Update, Winter 1993)

The DPS method is an embodiment of these common themes. Its strength is not that it includes so
much that is new, but that it makes practical and whole what is well regarded in theory.
Undergirding the well established planning, evaluation, and implementation steps is the
innovation of the shared vision model, a method of visualizing future droughts that would have
been impossible before recent advances in personal computers. This chapter describes the DPS
approach in general terms, followed by more detailed explanations of the various steps in

Chapters 3 through 9.

MAJOR FEATURES OF THE DPS METHOD

Drought Preparedness Studies:

® arejoint efforts requiring
intergovernmental cooperation with those
who have a stake in how water is
allocated and used.

® constitute a more genera version of the
planning methods and evaluation
principles of federal Principles and
Guidelines (P& G) (See Annex A for
more information). The DPS method
accommodates the extensive

responsibilities of non-federal entitiesin
drought situations.

® areresult-oriented. Reports and written
plans are by-products of behavioral
changes that reduce environmental,
economic, and social impacts from
drought.

® take advantage of experience, research,
and expertise from across the country.

® integrate long and short term responses.
® are dynamic, because plans are

exercised in regularly conducted virtual
droughts.
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ORGANIZATION OF A DPS

Although a DPSis ajoint cooperative effort
between interested parties, it needs a
sponsor(s) to provide funding, and aleader
to initiate it. The leader must assure that
appropriate state officials, regional agencies,
and important municipalities are adequately
represented on the working group, as well as
important industrial, commercial, and public
interest groups.

LEVELS OF DETAIL AND COST

A DPS can be carried out at various levels of
detail and cost. Funding of $15-$50,000
might suffice for aregional review led by a
state water resources agency or
environmental agency, alarge urban water
agency, or acouncil of governments. At this
level, two to four workshops would typically
be held, a preliminary shared vision model
developed (see page 14), with data provided
from readily available sources and from
interviews with stakeholders, researchers and
interest groups in the region.
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If the preliminary review suggests that it
would be worthwhile, funding of $100,000-
$500,000 should be sufficient to evaluate
alternative drought response plansin some
detail. A study of this magnitude would
include a detailed shared vision model that
shows how water would be allocated under
the status quo and under alternative plans.
The model would also show how well each
plan met the criteria established by decision
makers. The model would be developed
using existing data (updated where sensitivity
analysis shows that uncertainty in existing
data translates to significant differencesin
management decisions) and interviews with
all major players. At least four workshops
would be held. The studies would take from
12-36 months, and would be officially
supported by agreements signed by the study
partners.




TABLE |. THE SEVEN STEPS OF THE DROUGHT PREPAREDNESS METHOD

1. Build ateam and identify problems. (Chapter 3)
2. Develop objectives and metrics for evaluation (Chapter 4)

w

Describe the status quo; that is, what will happen in future droughts if the community does
nothing more to prepareitself? (Chapter 5)

Institutionalize the plan. (Chapter 8)

N o o &

THE SEVEN STEPS
OF THE DPS METHOD

The seven steps are shown in Table . The
approach is derived from federal planning
principles, but the DPS method adds two
steps to the P& G planning and evaluation
process, reflecting the importance of the non-
federal role and the predominance of non-
structural solutions in water management
during drought.

The federal process has one principal
objective - to reasonably maximize net
national economic development benefits
consistent with protecting the nation’s
environment. In Step 2 of the DPS method,
the relevant objectives are developed as part
of the study. Step 7 recognizes that
solutions requiring coordinated actions
sometime in the future will not work unless
they are exercised and updated occasionally.

The first five steps to drought preparedness
are performed iteratively, that is, the
sequence of stepsis repeated as more
information becomes available for evaluation.

Formulate alternatives to the status quo. (Chapter 6)
Evaluate alternatives and develop study team recommendations. (Chapter 7)

Exercise and update the plan and use it during droughts. (Chapter 9)

It is not unusual for new planning objectives
to be added, or existing objectives revised,
after the DPS team more clearly understands
the extent of the problems. As the number
of iterations increase, the number of
alternatives decreases, the level of plan detail
should increase, and the scrutiny of the
evaluation process should become more
intense.

Iteration should be used to husband study
resources. For example, by delaying
development of details on the status quo until
alittle is done on plan formulation and
evaluation, a study team can develop a better
sense of where details about the status quo
are likely to make a difference in study
recommendations. Without thisiteration, a
hydrologist might be tempted to recreate the
entire period of historic flows; but if
agreement is reached upon use of two past
droughts as target droughts, with an assumed
frequency, planning can proceed on that
basis.

Probably the most common planning mistake
is to skip the development of planning
objectives and evaluation criteria (Step 2)

THE DPS METHOD
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and start by examining possible aternative
solutions (Steps 4 and 5). In theory, it
seems obvious that a drought preparedness
study can not be managed for successiif the
stakeholders have not agreed what successis.
In practice, though, working groups usually
assume that everyone understands what the
objectives are, and that it would be awaste
of valuable time to articul ate and debate
them. These “practical” decisionsfly in the
face of decades of planning experience.
Without clearly stated planning objectives
and evaluation criteria, effective decisions on
the allocation of study funds and time can
only be accidental, and conflicts over
differing aims cannot be resolved efficiently.

COMPUTER MODEL BUILDING AND
STAKEHOLDER INVOLVEMENT
Projections of how scarce water will be
allocated to a variety of stakeholders clearly
require mathematical computations. Ideally,
these calculations would accurately reflect all
the things that would happen during a

drought, and at the same time be easily
understood by water use groups.

This goal had become more and more elusive
because of three trendsin water
management:

o New water uses and environmentd
concerns have made multiobjective,
multi purpose analyses more complex.

® There are more data and the complexity of
data analysisis increasing.

® Thereisageneral trend to broader public
participation in water management.

The compounding of these trends has greatly
increased the difficulty in making timely and
informed changes in water management
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policies. It has become more and more
difficult for water managers, and nearly
impossible for stakeholders to synthesize the
information generated for an entire water
system and use it to make decisions.

There is a gap between the way people
make decisions and the information
specialized water models can produce. The
DPS's used new computer software to
create “shared vision models” that bridge
that gap.

The National Drought Study used a new
method of building computer models of
water systems to accomplish thisgoal. The
“black box” computer models typically used
in the past were supplemented with new,
site-specific planning models created by
individuals representing the Corps, local
water supply agencies, water managers, and
stakeholders who would be impacted by the
plans. These models captured the expertise
and experience of people in the region and
became a shared vision upon which to base
negotiation.

Thisintegration of planning and modeling
differs significantly from previous
approaches and has only recently been made
possible by extraordinary advancesin
computer hardware and software. Inthe
past, computer models used in water
resources planning were created by
individuals specially trained in computer
programming. Today, because of the
availability and power of personal computers
and new simulation software, more people
can become involved in building models and
the models can be more easily understood by
all stakeholders.

The computer software used in these efforts
can be described as a user-friendly, graphical
simulation tool. This software makes use of
icons to represent simple, physical objects or




concepts. The model builder selectsfrom a
palette of icons to describe the system, such
asreservoirs, streams, and uses. After the
basic system configuration is defined, the
modeler defines system operating policies
and provides site specific information such
as streamflows, demands, and economic and
environmental relationships.

The specific software used to implement
water resource system models developed in
the National Drought Study is STELLA 1I®.
STELLA 1I® ismost smply described asa
visual spreadsheet for systems analysis where
the process being modeled can be pictured as
aprocess rather than equations. STELLA
I1® was selected over other available
software because of its unique combination
of simplicity, power, and cost-effectiveness.

Because the new software is so user-friendly,
members of the working group and

stakehol ders can participate in the
development and testing of the model, and in
its application to estimating the effect of
various aternative plans considered. This
process builds confidence in the model
results (see Annex C for more information).

In the National Drought Study experience,
this collaboration gave team members a
chance to appreciate and understand each
others perspectives. Concepts that had been
vaguely understood such as safe yield and
primary water right were explained and
illustrated in models, so that non-experts
could understand the implications these
concepts carried for their concerns.

GROUP PROCESSES

The conduct of a DPS requires the successful
interaction of people with different values

and backgrounds. In recent years, processes
have been devel oped that (when used
properly) can make this interaction much
more efficient.

There will be severa workshops held in the
course of even asimple DPS. There are
many good books offering suggestions on
how to run effective workshops. Hereisa
summary of some of that advice that is
directly applicable to water management
workshops.

Agendas should be established in advance of
meetings and workshops. If a group meets
regularly, development of the agenda

for the following meeting can be the last task
of the current meeting. Each agendaitem
should have a set time and discussion leader.

Facilitators are useful in most meetings and
should be used in all workshops. Because
facilitation requires training, and good
communication and interpersonal skills, and
because the facilitator should not participate
in the substance of the discussion, itis
usually better to hire aprofessional facilitator
than to ask for volunteers from within the
group. Thefacilitator'sjob isto make the
meeting effective.

Facilitators make sure that the purpose of
each agendaitem isfulfilled; help the group
to manage their meeting time; manage
dominant and passive participants,

clarify miscommunication among meeting
participants; and assure that necessary
follow-up actions are assigned to a
responsible party.

Brainstorming is a process which has been
used extensively in value engineering and
other areas where innovative aternatives
must be found. It is best donein small
groups led by arecorder who simply lists
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every ideathat is offered by any member of
the group.

The key to successful brainstorming isto
withhold criticism until the group has
exhausted its creativity. This can be very
difficult, especially when water experts
brainstorm with stakeholders, because many
of the ideas will have technical flaws or will
be unresponsive to the planning objectives.

Encouraging all participants to freely offer
solutions achieves many ends: it can alay
fears that possible solutions have been
overlooked; provide the insight of afresh
perspective to an expert; force the
examination of good ideas that experts know
have powerful foes; or allow interesting, but
ultimately unsuitable ideas to be raised and
rejected in an equitable and public manner.

After the uncritical brainstorming,
participants should eliminate redundant ideas,
and then use preliminary screening criteriato
reduce the number of alternatives.
Brainstorming can be used to assemble a
collective response better than the best ideas
of any participant. But if none of the
participants know much about a subject, the
collective answer will also be uninformed.
Unfortunately, it has become much more
common to see brainstorming used in this
way. Brainstorming with agency staff alone
is not sufficient to identify stakeholders
needs. Especially during the first step of the
DPS process, brainstorming with
stakeholders is a valuable supplement to a
review of previous reports on water
resources problemsin the basin.

Brainstorming with stakeholders a one will
not produce solutions that are technically
adequate. During the fourth step of the DPS
process, stakeholders should be encouraged
to expresstheir ideas for alternatives, but the
preliminary screening process should allow
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experts to use their knowledge to explain
why some ideas should not be studied
further.

A Delphi process can accomplish some of
the same purposes over alonger period of
time, but without a physical meeting. In a
Delphi process, experts are asked to respond
to a series of questionnaires about problems
or solutions. A central analyst reviews their
answers, then devel ops another questionnaire
if needed to clarify or resolve disputes
among the experts, or to address new issues
suggested by the previous round of responses
(Delli Priscali, 1986).

Chapter 7 explains how teams can screen a
long initial list of alternatives to produce a
manageable number for more detailed
anaysis.

The remaining alternatives can then be
organized if that serves a purpose. The use
of 8%2'x 11" paper rather than flip charts
allows participants to group ideas before
having to agree on category names.

Breakout sessions. Research and experience
show that it is very difficult for groups of
more than a dozen or so people to work
effectively on an intellectual product. An
hour provides only 5 minutes of
verbalization each to 12 people! Larger
groups are acceptableif individual
contributions are less important, in such
activities as listening to a speaker or voting.
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Decision making should include all affected interest groups.

- Long's Peak Working Group (America's Waters: A New Era of Sustainability, 1992)

Efforts to deal with water geographically typically encounter strong resistance from
bureaucracies that are functionally organized for different purposes.

- Peter Rogers (America's Water; 1993)

There is a natural, physical integration of water problems in a river basin; the challenge is to
assemble a problem solving team that can work with a corresponding wholeness. The first
step in the DPS method was designed to overcome two common shortcomings in water
management: the separation between stakeholders and the problem solving process, and the
subdivision of natural resources management by limited agency missions. Each problem will
affect a group of stakeholders and be managed by one or more agencies. This chapter

explains how to assemble such a team.

Thefirst step in the DPS method isto
assemble a planning team and determine the
nature of drought problems the region faces.
The discussions of study processin this and
other chapters assumes that thereis alead
agency (see Chapter 2) that invites
participation on a DPS team and facilitates
aninitial problem identification workshop.

DPS's are meant to produce behavioral
changes that will reduce regional
vulnerability to drought. One of the most
imposing roadblocks to such action isthe
fragmentation of responsibility caused by the
mismatch between political and hydrologic
boundaries and between agency missions and
water resources problems.

Rarely will there be one agency or political
entity that can tackle these problems aone
(See Chapter 1). The DPS team will be a
new entity whose makeup reflects the set of

problems: the stakeholders that will be hurt
by drought; the agencies that have will make
decisions related to the drought; the
advocates whose concerns are elevated by
drought; and the independent experts whose
life studies are applicable to drought.

In a DPS, water managers and stakeholders
work together to specify problems and
develop solutions. Compared to the more
common approach in which water managers
develop plans and then present them to
stakeholdersin public meetings, this
collaborative approach:

® harnesses the knowledge and cregtivity of
stakehol ders near the beginning of
problem solving efforts;

® makesit morelikely that stakeholders
can take actions unilaterally to reduce
their drought vulnerability;

STEP 1: BUILD A TEAM, IDENTIFY PROBLEMS
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®  builds broader, deeper stakeholder
support for water management plans.

Water managers do not surrender their
responsibility or authority because of this
collaboration. In fact, the water management
decisions are less likely to be challenged if
managers develop public understanding,
input, and support prior to the drought.

MAKEUP OF THE TEAM

The planning team should include four types
of people: stakeholders, water managers,
advocacy groups, and independent experts.
Depending on the problems involved, team
members of each of the four types should be
selected to represent national, regional, or
local interests, and may be drawn from the
private as well the public sector. Water
managers make or implement decisions.
They include agency staff involved in
planning, operation, and regulation, and
elected officials ultimately responsible to
citizens for drought responses.

A conscious effort should be made to
involve those with long term management
responsibility and oversight, even if their
particular interest is not drought. Because of
the integrated nature of aDPS, its
recommendations may need to be woven into
processes and cultures beyond drought
management. Examplesinclude legidative
aides with water policy oversight, water
supply and wastewater planners, and
regulatory staff.

Advocacy groups support positions on
particular issues such as protection of the
environment or growth management. The
DPS method encourages participation of
diverse interests from the beginning, in order
to reduce the chance of litigation that has
characterized past studies. Such a

18 STEP 1: BUILD A TEAM, IDENTIFY PROBLEMS

collaboration requires advocates to assume
some responsibility for achieving regional
goals, and requires agencies to share
information and power. Annex B
summarizes the results of a study by the U.S.
Advisory Commission on Intergovernmental
Relations (ACIR) on methods of effecting
better cooperation among agencies, elected
officials, and advocacy groups.

STARTING THE DPS

The DPS will typically begin when a convening
agency writes to the heads of ~ other agencies
and organizations representing the four types
of participants and invites them to send
representatives to aworkshop. At the
workshop, the convening agency should
facilitate the initia effort at defining the range
and severity of drought problems facing the
region. Participants at this workshop should
also consider who is not at the workshop but
should be involved in the study.

It isessential that decision makers make a
commitment to empower the DPS process. In
extreme cases, when a collaborative study is an
alternative to litigation, the decision makers
commitment to act according to the findings of
the study should be formally established at the
beginning of the study. Lessformal
commitments are acceptable, but the same
concept applies: stakeholders have no reason
to participate in a process that will change
nothing. The DPS should be launched with
letters of support from the decision makers.

During the study, the support of decision
makers must be manifest at least through the
commitment of agency staff time. The goal of
this collaboration should be an agreement by
agencies and stakeholders to manage water
according to the findings of the study.



FINDING STAKEHOLDERS

Unless they have recently been personally
involved in adrought, stakeholders are often
unaware of their vulnerability and will not
make individual preparations to reduce their
vulnerability. Stakeholders competing for
water often make their first contact with
water managers and competing stakehol ders
during drought, when they are most
threatened by drought impacts.

Table V lists the primary water management
purposes likely to be affected by drought. It
can be used as a checklist for identifying

drought problems and building a study team.

POTENTIAL PROBLEMS OF
BROAD INVOLVEMENT
Broadening study participation may also pose

some problems:

® money spent on public involvement will
not be available for technical studies.

e the“public’ that getsinvolved in planning
may be self-selected and unrepresentative of
the public that will be affected by drought.

® if public representatives are actually
involved in the study process (as opposed to
just expressing problems and goalsin
workshops or surveys), then additional
efforts may be required to provide technical
training and to coordinate the work of public
task forces.

o the misapplication of the techniques of
group process (see page 16) can result in the
use of stakeholder opinions on issues that
should be addressed by experts.
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® all group processes can be slowed or
stopped by recalcitrant or distrustful
participants, and broader citizen participation
increases that risk by adding more participants.

The methods described below are designed to
allow broad representation and effectiveness.

CIRCLES OF INFLUENCE

The DPS teams used a simple approach called
“circles of influence” to help strike a balance
between the effectiveness of small teams and
the representativeness of large teams. This
approach is built on the common themesin
three very different examples of organizational
effectiveness (none water related) and is
consistent with research on how people work
together well. (For more information, see
Annex J).

Although there is no formal “membership”,
individuals involved in a DPS can be described
as belonging to one of three circles, A
through C. Each successive circle from A
through C has broader representation but less
personal involvement. If onewere to develop
a composite of the four DPS's of the National
Drought Study, Circle A managed the study
and did most of the actual work. Circle A
included the Corps study leader, aswell as2 to
4 others from outside the Corps. They spoke
several times aweek, managed contracts,
arranged meetings of larger groups, built
models, did research, and wrote letters, papers,
and reports.

Circle B includes Circle A aswell as one
representative for each major stakeholder
group (such asindustrial users). Circle B will
probably need to meet afew timesa year.
They may review and revise draft papers from
CircleA.
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FIGURE 2. CIRCLES OF INFLUENCE
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Theideal circle B participant will be active
in professional or issues oriented
organizations. They would also be trusted
and respected by others whose interests he or
sherepresents. The activity of the
participant outside the DPS is important
because it takes advantage of existing
channels of communication. And if the
Circle B participant was trusted and
respected, stakeholders outside Circle B
were more willing to support the study
despite their decision to be lessdirectly
involved in the study.

Circle C included a representative from each
major stakeholder, each management agency,
and each advocacy group. Circle C
numbered from 20 to 60, and met twice a
year in fairly formal workshop settings.

Regional decision makers (agency heads and
elected officias) constituted a fourth circle,
“D”. They wereinvolved formally at the
beginning and end of the DPS's, and were
kept informed during the study through their
study representatives.

Every stakeholder and decision maker
outside Circle A was connected to “A” in an
identifiable chain. These connections were
usually through common work places,
related work groups, or professional

organizations. The connections were based on
a combination of trust and communication.
Individuals who wanted more influence or
oversight were free to move into the central
circlesif they were able to contribute more
time to study tasks.

When existing organizations are too
restrictive to deal with water issues in a
holistic way, circles of influence can create
new ways for people to interact, without
destroying the old organizations or their
responsibilities and advantages.

Circles of influence supplement, but do not
replace procedures that require consultation
with other agencies or public hearings.

THE PROBLEMS

Existing reports written by researchers and
management, data and regulatory agencies
should be used as the basis for problem
identification. Participants at the first
workshop should describe past impacts and the
efforts to mitigate those impacts, addressing
the following questions:

® \What problems have they experienced in
the past?

e \What efforts to prepare for future droughts
are they aware of?

® \What changes in hydrology or water use
since the last drought have affected the region's
vulnerability to drought?

® Arethey still vulnerable individually?

® |stheregion still vulnerable?

® Can the DPS help or be helped by other
ongoing work?
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® How can regional vulnerability be reduced
without their personal commitment?

® \What benefits could the region realize if
its vulnerability to drought were reduced?

e \What is the appropriate geographic scope?
The starting point should be the river basin
or watershed. If problems exist and can be
managed in a portion of the basin, then the
study should focus its attention there. If
there are out of basin diversions, or if
hydropower produced within the basin is
used elsewhere, then the team may decide to
broaden the study area. None of this may be
apparent at the first workshop, but as the
study progresses, the team should revisit this
question to assure that study efforts are
explicitly shaped to the problems.

A smpletable such as Table Il can be
constructed at this first workshop to describe
the participants best sense of how vulnerable
they are to mild, severe, and very severe
drought.

The second column in Table Il describes
how the various groups believe they would
be affected by a non-drought water shortage.
Participants should also consider taking
advantage of the opportunities provided by
the DPS to manage water shortages caused
by polluting spills, earthquakes, flooded
water treatment plants, and aqueduct breaks.
Responses to these emergencies often require
collaboration among the same agencies
involved in drought management. |f
emergency procedures are already in place,
then some of the coordination mechanisms
can be used for the drought study. If
emergency plans are inadequate, participants
may decide to improve them during the DPS.

Each participant should be asked whether the
group they represent is prepared for future
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droughts, and if they feel that the region asa
wholeis prepared. If the general consensus is
that there are serious problems, then the group
must ask if there is an organized effort outside
the DPS to address these problems. There
may be an opportunity for mutual benefit if
long range water supply studies, federal
feasibility or reservoir reallocation studies,
legidlative reviews of existing water laws and
regulations, or urban planning studies are
underway. Even if efforts outside the DPS do
not address drought issues directly, there may
be an opportunity to share data, computer
models, and even political support.

Finally, the participants should ask themselves
whether these problems will be addressed
without their personal commitment for making
the DPS successful.

Moreover, because history has shown that
concerns about drought dissipate soon after
droughts are over, participants must also
realize that unless they become advocates for
change, the change will not occur.

Once the basic team structure has been set  up
and the major problems identified, the next




TABLE I1. THE FIRST WORKSHOP: EXPERTS UNQUANTIFIED SPECULATION ABOUT EXPECTED
IMPACTS FROM FUTURE DROUGHTS

Incident - Emergency: Oil  Moderate Drought of Worse Than
Group ! Spill Drought Record Record Drought
Navigation Short term No problem Slight to Moderate to
Industry impact. moderate severe reduction
reduction in in service
sarvice
Wastawater Shutdown Failure to meet Failure to meet Failure to meet
Treatment effluent effluent effluent
Agency standards standards standards
Environmental Wildfowl, fish Concern about Demands for Demands for
Groups kills low levels of reservoir releases  reservoir releases
dissolved
oxygen
Flat Water Little effect No problem Financid Bankruptcies
Recreation difficulties,
Industry resistanceto
releases
White Water Long and short Declinein Some Many
Recreation term declinesin business bankruptcies bankruptcies,
Industry business long term loss of
customers
Domestic Water | Shorttermcrisis ~ Voluntary Mandatory Severe,
Users curtailment curtailment mandatory
curtailment
City Water Criticized Little impact Some public Severe public
Supply Agency because of no criticism criticism
plan
Electric Power Little effect Cost of Cost of Cost of
Industry electricity may electricity will electricity will
increase. increase. increase,
brownouts will
be necessary
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TABLE I1l. THE TYPES OF PEOPLE THAT MIGHT WORK IN EACH OF THE CIRCLES OF INFLUENCE
'

Circle- A B - includes A, C -includes B, D: Decision
Categories | adds: adds: Makers
Agencies Corps, Cityand  State Fisheries Other Corps, Mayor,

State Water staff State offices, Governor, Chief
Department city water of Engineers or
Staff departments. authorized
designate
Users Hydropower One Technica CEO's,
industry staffer professional representatives Electorate
from each from all
purpose corporate users
(eg., the
Hydropower
Industry)
Advocates Professional Environmental One
citizen Group representative
representative representative from al relevant
environmental
groups
Experts University: Political
Hydrologist/ scientists,
Environmental engineers
Engineer/
Resource
Economist

Legislators may occasionally be Circle D decision makersif new laws are required to effect reduced
drought impacts. More universally, though, they are an important medium through which the goals
for managing water are articulated; they are directly responsible to the public. While they may not
beincluded in acircle, their views on the appropriate goals for a drought response plan can be

solicited in an issues study (see page B-3.)

step isto define what the team istrying to do
in measurable terms. As the preparedness

The composition of the team may change as
well, with some individuals comfortable with
effort progresses, though, the problems may asmaller role, while others decideto do more
be restated (new problems discovered, other work and secure more influence in an inner
problems de-emphasized). circle.
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OBJECTIVES AND METRICS

The success of drought response plans should be measured in terms of the minimization and
equitable redistribution of the impacts of shortages, as opposed to the shortages themselves,
but there is much to be learned about the best ways of accomplishing that.

Lessons Learned from the California Drought (1987-1992) (NDS-5)

A successful DPS team will reduce drought impacts through the implementation of their
recommended measures. But what makes one plan better than another? And what criteria
will those who must approve the plan demand that it meet? Until the DPS team identifies the
criteria that define a successful study, they cannot manage to succeed. This chapter explains
how DPS teams can use five kinds of objectives and measures.

MANAGEMENT

The DPS team should identify and articul ate
management guidelines in five categories:

® decision criteria that define broad goals
and must be satisfied for the DPS
recommendations to be implemented,;

® planning objectives that spell out how and
when the DPS team hopes to affect specific
water uses,

® constraints that specify what are
undesirable, prohibited, or physically
impossi ble outputs from the DPS;

e performance measures of the water
system, and

o cffects of alternatives on the environment,
the economy, and socia well being.
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DECISION CRITERIA

No matter how well the DPS
recommendations work on paper, they will
not reduce impacts unless they are approved
and implemented. As part of the conscious
effort to improve their chance of
implementation, DPS teams should identify
who will need to approve their
recommendations and what criteria they will
use in making that decision.

Planners studying the feasibility of federa
water projects are told what the criterion is:
they are directed to recommend the plan that
reasonably maximizes net National Economic
Development (NED) benefits while meeting
environmental constraints. The evaluation of
aternatives in federal studiesis designed to
address that criterion.

But non-federal decision makerswill use
other criteria. In some cases, the criteriawill
be very difficult to determine. For example,




in deciding how early to declare adrought,
different decision makers may favor different
tradeoffs between the risk of catastrophe and
the frequency of inconvenience.

Some criteriawill not be acknowledged or
shared with the DPS team; they may
constitute a hidden agenda or may be
difficult to articulate.

The difficulty of defining all of these criteria
does not diminish the need to address those
that decision makers are willing to share with
the DPS team. Determining the criteria that
elected officials will use may be especialy
difficult for agency staff. Intwo of the
National Drought Study DPS's (the James
River and the Cedar and Green River),
political scientists were hired to identify and
interview the political and agency leaders
that would ultimately have to approve (or
veto) plans developed by the DPS's. The
interviewers were well informed on the DPS
planning, modelling, and eval uation process,
enabling them to share information about the
DPS with the elected officials. The
interviews and subsequent summary reports
helped to close the perspective gap between
agency staff and elected officials.

GOALS AND PLANNING OBJECTIVES

The goals of aDPS will probably change
only in degree from place to place;
inevitably, people will be concerned about
economic efficiency, environmental quality,
and fairness. (See page 9 for a discussion of
the difference between goals and objectives).
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To spell out specifically what the community
hopes to achieve by preparing for drought,
the DPS team must identify drought related
problems to be solved and opportunities that
could be realized. The team will develop
regional planning objectives related to those
problems and opportunities. Examples of
problems and planning objectives are shown
inTable V.

A planning objective is a concise, formally
structured statement which explains how and
when a study will try to affect a specific
water use in a specific place.

Developing good planning objectives early
is paradoxically the most important and
most often ignored step in the planning
process. How can a team manage to
achieve objectives if they have not agreed
on what those objectives are?

Planning objectives will often conflict with
one another because they reflect the
competition for water. Although objectives
should be quantifiable, so improvement can
be measured, a specific numerical goal
should not be specified as part of the
objective. Doing so implies that conflicting
objectives must be sacrificed until that level
ismet. The degree to which each objective
is met must be determined by the evaluation
process in which each plan’s economic,
social, and environmental outputs are
compared.




TABLE IV. WRITING A PLANNING OBJECTIVE.
'

Describe the problems in a sentence or two.

Use averb or action phrase which expresses what
the team is trying to do (increase, enhance, reduce,
mitigate, etc.) regarding a resource (water withdrawal,
instream flows, etc.) in the context of the perceived
value of the resource (M&I uses, fish habitat, etc.).

Add to that clause (verb, resource and context), the
geographic area of concern (in the lower James
Basin).

Finally, say whether thisis a dynamic or static change.
If demand is not expected to change in the future, then
the problem strikes whenever a meteorological drought
occurs. But if demand isincreasing, or becoming
more complex, then the problem may occur more
often or to agreater degree in the future. The former
condition can often be remedied completely with a
tactical drought contingency plan. The latter may be
better addressed in strategic planning because demand

is outgrowing the structures, institutions and laws
which were once adeguate.

During a recent drought, the
number of whitewater rafting
days was severely restricted,
with millions of dollars in lost
regional revenue.

increase the number of days
of whitewater rafting

between Ogle Point and
Deadman’s Whirlpool

during droughts would be
static; if conditions were
expected to change for better
or worse, then that should be
stated as part of the objective:

during droughts until the
Oglethorpe water supply
project is completed

Verbs commonly used in the action phrase include: advance, compensate for, conserve,
contribute to, control, create, destroy, develop, eliminate, enforce, enhance, establish,
exchange, improve, maintain, manage, minimize, mitigate, preserve, produce, promote,
protect, provide, reclaim, reconstruct, recover, recreate, rectify, reduce, rehabilitate, repair,

replace, restore, retire, stabilize, or substitute.
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TABLE V. PLANNING OBJECTIVESFORA TYPICAL DPS
|

Kanawha River Basin DPS Planning Objectives

Problems: During a drought ... Planning Objectives
1. Whitewater rafting on the Gauley River is 1. Increase theriability and value of the
restricted. Gauley River whitewater rafting experience

during drought conditions.

2. Corpsreservoirs are drawndown to meet 2. Increase reliability of the recreational
downstream water needs. In-lake recreation opportunities on lakes in the Kanawha River
suffers when drawdown is significant. basin during drought.
3. Normal navigation pools could be difficult to 3. Maintain navigation on the Kanawha River
maintain resulting in disruptions to navigation during drought.
traffic.
4. Flowsin the Kanawha River could decrease 4., Maximize hydropower generation in the
such that losses to hydropower generation at the Kanawha River basin during drought.
3 Corps of Engineerslock and dam projects
could occur.

Examples of things which are not planning objectives:

® Toincrease economic benefits (thisisa ®  Reduce groundings in the channel istoo
broad goal at the regional level, and cuts narrow; this could be achieved by
across severa objectives - see Chapter 1 banning navigation. The objective could
for adiscussion of goals and objectives). be to improve navigation between (point

A and B) during drought.
® Build a desalting plant (Thisisameans,

not an objective). ®  Maintain instream flows between river
miles 300 and 305 at 800 cfs or above is
®  Eliminate water supply shortfalls aconstraint, rather than an objective.
(Measures should be “sized” after But a complementary objective may be
consideration of their costs). more useful; ateam may find away to
enhance water quality fish habitat
®  Assess the impacts of droughts (Thisisa between river miles 300 and 305 during
study procedure, not an end in itself.) droughts other than enforcing a minimum

flow at al times.
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CONSTRAINTS

Constraints express what may not be done
under existing institutions. Typical
constraints include requirements to maintain
a specific rate of instream flow, or to satisfy
laws regarding prioritiesin the right to use
water. Although not generally characterized
as planning constraints, the physical
limitations of storage and transmission
facilities are conceptually no different from
legal constraints. Constraints that prohibit
certain alternatives are antithetical to the
concept of multiobjective evaluation, and
DPS teams should consider challenging them
if they stand in the way of meeting
objectives. There will be an additional
burden of proof, however, imposed on a DPS
team that recommends a plan that violates
constraints that constitute clearly stated,
publicly resolved decisions.

Planning objectives and constraints are used:

®  asscreening criteriain theinitia
evaluation of alternatives. Plans that
address only some of the objectives or
fail to meet constraints may be
eliminated or force areformulation of the
objectives.

® asmanagement criteria used in deciding
how to allocate study resources among
geographical and topical areas.

® asabasisfor identifying quantifiable
measures of system performance. For
example, the number of days when flows
are above 1200 cfs and number of days
with flows above 800 cfs might be useful
measures of the degree to which the
objective “increase the number of
whitewater rafting days during drought”
IS met.
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PERFORMANCE MEASURES

The study team should also develop
statistical measures of the performance of the
water system relative to the needs of the

user. The development of these measuresis
essentially atechnical assignment, but the
acceptance and relevance of performance
measures can be confirmed in workshops and
stakeholder interviews. Examples of
performance measures are shown on

Table VI.

EFFECTS OF THE ALTERNATIVES

Performance measures do not provide a basis
for tradeoffs among conflicting objectives.
For example, reducing the frequency of
navigation restrictions through increased
releases from areservoir may increase the
amount of time boat ramps around the
perimeter of the reservoir are out of the
water. To what degree should each be
sacrificed?

In a multiobjective analysis, the effects of the
loss of each activity on the basic objectives
(regional goals) for managing water are
estimated. The most commonly considered
objectives are economic efficiency,
environmental quality, social well being and
equity. The usefulness of this approachis
most obvious when the effects of the
alternatives accrue against only one
objective. If, in the example above, the only
differences between preserving navigation
and recreation were economic, then it would
make sense to balance the level of navigation
and recreation to maximize economic
benefits. Chapter 7 discusses ways of
informing the negotiation of multiobjective
tradeoffs.




TABLE VI. TYPICAL MEASURES OF PERFORMANCE
L

Water Use Typical Performance Measure

Category

Municipal Frequency of failure to meet unconstrained demand.

Industria Frequency and duration of supply failures.

Navigation Frequency and duration of channel closing or imposition of light
loading requirement.

Lake Recreation Frequency and duration that boat ramps are out of the water.

River Recreation

Frequency and duration of depths or flowstoo low for recreation.

Hydropower Power produced, or frequency of failure to meet minimum levels of
production.

Fish Habitat Frequency of failure to meet minimum flow targets.

Irrigation Probability of failureto supply water need for this year’'s plantings.

ACCOUNTS

An alternative may produce economic effects
by changing the level of activity in several
water purposes. For example, changing the
rules for reservoir releases may change the
level of hydropower production, navigation
and several forms of lake and riverine
recreation. The change in each activity will
have economic consequences.

Establishing an account for these economic
effects allows the total economic effect of an
alternative to be summed and compared to
the total economic effect of other
alternatives. Accounts can also be
established for environmental quality, social
well being, and equity, although (unlike the
economic account) there is almost certain to
be more than one unit of measurement for
the effects within any one of these accounts.

The use of the accounts not only helps
organize the effects, it can help planners
understand distinctions between the ends of
different stakeholders who support the same
means. For example, ateam may be
working under a constraint to provide
instream flows for fish. The constraint may
be managed by an state fish and game
agency and supported by a Native American
tribe, an environmental group, and an
association of small businesses that outfit
tourists who come to fish. The number of
days that streamflows fell below the
minimum standard would be a simple, useful
performance measure, but it would not
reflect the complexity of the effects of failing
to meet the standard.

The environmental group might support the
minimum flow standard because it helps

preserve athreatened or endangered species
(an environmental effect). The tourists may
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be concerned about the decreased opportunity
to fish, an impact that can be measured in
economic terms according to their
willingness to pay for that experience. The
outfitters would have a special concern for
their own viability. If reducing instream
flows would bankrupt a class of businesses,
that alternative might be judged inequitable.
The tribal concern could be for the
maintenance of atraditional, formal social
activity. Knowing the ultimate objectives of
each stakeholder group can help DPS teams
develop and estimate the acceptability of
alternative management plans.

RESISTANCE TO THE USE OF ESTIMATED

EFFECTS IN THE EVALUATION OF
ALTERNATIVES

It may be difficult and expensive to estimate
the effects of alternatives. DPS teams must
carefully consider the following questions
before deciding what effects should be
measured:

® do the decision criteriademand an
estimation of effects? In federal feasibility
studies, the selected plan must reasonably
maximize net NED benefits. If one of the
dternatives in a DPS involves the
modification of afederal water project, then
NED evaluation is essential.

Changes in the operating policies of afederal
reservoir require an environmental
assessment.

o will tradeoffs between regional planning
objectives be necessary? In the Kanawha
River DPS, an dternative was identified that
helped many stakeholders and hurt no one.
But if no such aternative can be found, then
alternatives can only be compared to one
another using estimated effects.

e arefinancia costsinvolved? If so, then
the estimation of effects can be used to
determine an appropriate level of investment.

ADVANTAGES OF THE MEASURING
EFFECTS BY ACCOUNT

The impossibility of defining and measuring
these effects perfectly may frustrate some
DPS teams and preclude them from these
benefits of imperfect estimations:

® estimates of economic effects can suggest
the underlying value of water use and
encourage the use of water markets, dry year
options, or other similar aternativesin which
the use of water is traded for money.
Similarly, differences in economic benefits
among plans can be used to justify different
levels of investment.
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TABLE VII. A CHECKLIST OF WATER USES, PROBLEMS, PLANNING OBJECTIVES AND
PERFORMANCE MEASURES

CHECKLIST OF WATER USES, PROBLEMS, AND EVALUATION MEASURES

Water Problem Planning Measures of Decision Related
Use Objectives Performance Criteria Economic,
Social,
Environmental
Impacts

Irrigation

Livestock
Watering

Offstream

Municipal
Water

Industrial
Water

Hydropower

Lake
Recreation

River
Recreation

Water

Quality
(Dilution)

Instream

Fish&
Wildlife
Habitat

Flood
Control

Navigation
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@y THE STATUS QUO

A drought preparedness study goes beyond a simple determination of future resource
conflicts; it serves as a motivator for conflict resolution. Without knowing your status quo
future, you lack a basis for motivation. After all, if you don’t know where you’re going, why

plan any changes?

Richard Punnett (Huntington district, Corps of Engineers)

The status quo is simply a collective best estimate of what future droughts will be like if the
DPS fails to make a difference. It serves as the baseline from which to measure the strengths
and weaknesses of alternative drought responses, and a consensus view of the problems
stakeholders will face if they fail to agree on an alternative. Dr. Punnett’s reflection is drawn
from his own experience leading a DPS workshop of stakeholders who had competed for
water in a 1988 drought. He had presented a clear vision of what would happen in future
droughts under existing operating rules. The stakeholders, who had participated in the
construction of the computer model of that vision, supported a combination of two alternative
plans that hurt no one, and helped many. Whitewater rafting outfitters rejected a plan that
would have provided them with even more water because the shared vision model showed that
it would decrease lake recreation. The outfitters acknowledged that it made little sense to
hold out for the alternative that maximized their gain while hurting other stakeholders, they
almost certainly would have been left with the status quo. This chapter explains how the

status quo should be defined and modeled.

Whether the subject is property lines,
mountain elevations, or drought impacts,
measurements cannot be compared unless
they are referenced to a baseline. Thethird
step of the DPS planning method is to create
abaseline by describing the future without
the DPS,; that is, how the region would
respond to and how it would be affected by
droughtsif no actions are taken as aresult of
the DPS. This future without the DPSis
referred to as the status quo.

The status quo should reflect developments
that will change drought impacts so long as
their implementation is not related to the
DPS. These developments include such

things as additional water supplies, drought

contingency plans, and external conditions
such as projected increases in population and
economic activity.

The status quo can also provide motivation
to a DPS team to produce results, because
the status quo is a thoughtful, detailed, and
collective forecast of what the future will
bring if they do not.

In some cases, stakeholders may refuse to
agree on aspects of the status quo they are
contesting outside the DPS. For example,
two stakeholders may have opposing
positions on a permit application for a new
water supply source, and may feel that to
publicly accept an outcome opposite their
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position as “most likely” will be considered a
reflection on the merits of their case. In such
cases, DPS teams can fulfill the baseline
requirement by selecting one of the possible
futures without claiming it is the most likely
scenario.

The effects of drought contingency plans,
water laws and institutions as they currently
exist should be reflected in the status quo.
This should include the basic water
allocation system, of either riparian or
appropriation type, any site-specific
programs, provisions for public trust and
instream flows, water conservation,
transbasin diversions, and ground water
management (all are discussed in Annex D).
Some of these provisions are of particular
importance, as indicated in the following

paragraphs.

The DPS team should carefully define the
thresholds for implementation of extreme
measures. For example, every western
governor has the authority to “condemn”
water rights during a drought, which isto
take the right to use water from private
ownersif it is needed for the public good.
However, thisis an extreme measure,
however, and has never been used
(Willardson, 1986).
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The DPS team must now try to quantify the
problems that were identified in general
termsin step 1 (Tablell). To do that, they
will:

® Build amodel of the water management
and allocation system with involvement from
stakeholders. The model should include the
relationship between shortfallsin water
deliveries or levels and the impact on
stakeholders.® Make hydrologic estimates of
drought frequency, and select the design
droughts.

® Measure the performance of the water
system during the design droughts.

The next several pagesillustrate how that
might be done.




MODELLING THE STATUS QUO

® The shared vision model of the status quo process. In asevere drought, stream water
should define the relationship between water surfaces may drop so low that theintakeis
and the stakeholders ultimate purposes for no longer submerged.

using water. These relationships can be

developed though interviews with principal Figure 3 illustrates how the relationship
stakeholders. The specific situation of each between stakeholders' ultimate needs and the
stakeholder may even be modeled during the water management system can be

interview. Inthe example illustrated below, diagrammed.

one stakeholder is an industry that uses water
drawn from a stream as part of its production

FIGURE 3. A SHARED VISION MODEL CAN ILLUSTRATE HOW STAKEHOLDER CONCERNS ARE
CONNECTED TO MANAGEMENT OF THE WATER SYSTEM

Reservoir:
Quantity of water stored

(I > >
Q G Stream flow

Instream flow requirements

Water Surface Elevatior

Production

Reservoir Release Rules ‘

O

Supply of processing water

Q Employment

Deliveries
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MODELLING THE STATUS QUO (CONTINUED)

In this example, employment and deliveries - function relating production to the supply of
the factors most directly related to processing water by “double-clicking” the
stakeholder profitability and viability - are computer mouse when the computer cursor
dependent on production, which in turn points to the icon representing “ production”.
requires processing water. The sameicons These functions can be defined based on
used to diagram these relationships existing and new studies, including

(Figure 4) are used to quantify them interviews with the stakeholders during the
(Figure 5). The modeler defines the DPS.

FIGURE 4. THE RELATIONSHIP BETWEEN WATER FIGURE 5. THE QUANTIFIED RELATIONSHIP

AND PRODUCTION FOR ONE STAKEHOLDER. BETWEEN COOLING WATER AND PRODUCTION.
. 140000 Water Suppy |  Praduction
Supply of Processing Water c 0 0
2 10000 0
= 20000 0
a 30000 | 40000
@ 40000 ggggg
i £ 50000
Production s 50000 | 80000
S 70000 | 80000
5 80000 | 80000
o 90000 | 80000
100000 | 80000
0 110000 | 80000
Supply of Processing Water
Deliveries Employment
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MODELLING THE STATUS QUO (CONTINUED)

® The water supply system and its
relationship to stakeholders needsis also
modelled. Figure 6 shows how the supply of
processing water is afunction of surface
water elevations at the water intake, which is
in turn afunction of streamflows at that
point. (These relationships may have been
developed by observation or separate
hydraulic modelling efforts).

FIGURE 6. THE RELATIONSHIP BETWEEN
SYSTEM AND STAKEHOLDER WATER.

Supply of Processing Water

Stream Surface Elevation

Stream Flow

@

Reservoir Releases

Figure 3 depicts the reservoir storage, inflow,
release and the rules governing releases. The
shared vision model now includes al the

rel ationships necessary to determine how
changesin inflows to the reservoir or
reservoir releases will affect employment and
deliveries.

FIGURE 7. THE CENTRAL WATER SUPPLY

SYSTEM.
Reservoir:
Quantity of water stored
Stream: Inflow rates Reservoir Releases

Instream flow requirements
Reservoir Release Rules
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MODELLING THE STATUS QUO (CONTINUED)

o Performance measures should be included
in the status quo model. Figure 8 shows that
one performance measure, “Cumulative
Production Loss’ is defined based on Daily

Figure 9 shows the equation that quantifies
daily production loss, revealed by “clicking”
when the computer cursor points to the icon
named “daily production loss’.

Production Loss which isin turn afunction
of “Production”.

FIGURE 9. THE DEFINITION OF DAILY
PRODUCTION LOSS.

FIGURE 8. COUNTING THE NUMBER OF DAYS
WITHOUT PROCESSING WATER.

Cumulative Production Loss
Daily Production Loss

e

Documentation: Production measured in dollars per hour.
Daily production calculated by multiplying hourly losses by 24.
> Hourly loss = Maximum production minus actual production
calculated as a function of the availability of processing water.

- from interview with W.C., Acme Products, 11/3/93. (RP)

Daily production loss =
24 * (80000 - PRODUCTION)

Production
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SELECTING DESIGN DROUGHT(S)

In flood damage reduction studies, the
expected value of future damages are
estimated using a series of increasingly larger
and rarer floods. In many cases, large and
small floods have the same shape (defined
by the onset, peak, and subsidence of high
streamflows over time); only the magnitude
isdifferent. Flood magnitudes can often be
characterized in terms of one parameter;
streamflow. A sixty year period of stream
flow records constitutes a large sample size -
thousands of short duration flooding events -
from which to estimate the probability that
floods will exceed a given peak.

But droughts are not as easily characterized
asfloods. No one can predict the form of a
future drought; droughts have different
severities, durations, and patterns of severity.
(They may be moderately severe for years or
very severe for aseason). In many regions,
multi-year droughts are of major concern.
For some interests, the deficiency of flow in
agiven year causes the main economic
impact whereas for other interests, carryover
storage can provide for one year's
deficiency. The cumulative effect over
several yearsis most important. 1n some
forms of agriculture, farmers can reduce
economic impacts of a prolonged drought by
changing crops or letting fields lie fallow
until the drought is over.

Because the sequence of events within a
drought isimportant and at the same time
beyond our ability to forecast, planners often
test drought plans by using the precipitation
and runoff recorded during historic droughts,
either the worst on record, or the worst in
recent memory.

The primary disadvantage to this approach
has been the inability to estimate the
probability of asimilar drought occurring in
the future. If the most severe droughts or

floods on record are not representative of the
statistical population, it is obvious that the
design will become distorted (Maass, 1962).

Record low precipitation in the early and
middle 1960's created a drought emergency
in New England and the mid-Atlantic states.
Planners had designed water systems on the
drought of record, but the 1960's drought
was more severe (Holmes; 1979). At the
beginning of the National Drought Study, a
number of well informed conference speakers
stressed how improbable a three year
drought in Californiawould be, athough that
drought eventually lasted six years. The
National Drought Atlas can be used to
determine the rarity of historic droughts, and
thus enhance planners confidence in the use
of the historic drought to test drought plans.
But the use of the historic drought cannot
provide answers concerning the vulnerability
of the region to more severe droughts or
droughts with different patterns.

An alternative approach, easily
accommodated by modern computer software
and hardware, isto consider avariety of
synthetically defined droughts, and to worry
less about proving they could happen and
worry more about the consequencesiif they
did happen. Thiswill provide additional
information for the DPS team. If the impacts
of drought increase precipitously for
droughts greater than the drought of record,
the DPS team should consider the costs and
benefits of preparing plans for these severe
droughts. The desireto prove that a
sequence of low flows could happen may be
expensive and time consuming. If agreement
can be reached, further study of frequency
can be curtailed. See Annex G, Hydrology,
for more information on analyzing drought
frequencies.
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THE NATIONAL DROUGHT ATLAS

The National Drought Atlasisa
compendium of statistics designed to help
water managers and planners answer
questions about the expected frequency,
duration and severity of droughts. The Atlas
was devel oped collaboratively by the Corps
of Engineers, Miami University (Ohio), the
National Climate Data Center (NCDC), and
International Business Machines (IBM). The
Atlasis based on recently refined national
precipitation and streamflow data sets. The
stati stics were generated using a method
(referred to as I-moment analysis) developed
at IBM by JR. Hosking and J.R. Wallis.

The method permits greater confidencein
estimating drought frequencies from the
relatively small number of droughts for
which there are precipitation and streamflow
records.

The Atlas includes statistics in three
categories:

® Precipitation. There are tables and
graphs showing the percentage of normal
precipitation that can be expected for a
variety of durations, starting months, and
frequenciesfor 111 “clusters’ covering the
contiguous 48 states. The recurrence
intervals range from a 50 year dry to a50
year wet event.

e Streamflow. The Atlasincludestables
and graphs showing the percentage of normal
streamflow that can be expected at various
frequencies for durations of up to 12 months
at individual gaging stationsin the 48
contiguous states. The return intervals are
the same as for precipitation.

e Palmer Index. The Atlasincludes tables
showing the percentage of timein the
historic record that the Palmer Drought
Severity Index (PDSI) fell below -3, -4, and

40 PREDICTING THE STATUS QUO

-5. The PDSI was calculated at 1,135
precipitation stations and are displayed state
by state. These are at-site sample statistics.

Annex N has more information on the Atlas,
including a description of how it might be
used.

SPECIALIZED COMPUTER MODELS

The evaluation of aternative drought plans
requires an understanding of the relationships
between precipitation, streamflow, water
withdrawals, operating rules, consumptive
use, water rights, return flows, and consumer
responses to drought. In many regions, water
managers have already developed models of
one or more of these sub-systems.

The National Drought Study Report NDS-7,
Water Resources Models summarizes brand
name modelsin eight categories:

® genera purpose software (such as
Spreadsheets)

® municipa and industrial water use
forecasting

® water distribution systems (pipe networks)
groundwater

watershed runoff

stream hydraulics

river and reservoir water quality

river and reservoir system operations

Economic models and less well known, very
specialized models may be used in aDPS.
Once the planning objectives have been
identified, existing regional computer models
that can answer questions pertinent to the
planning objectives should be identified.
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FORMULATING ALTERNATIVE PLANS

Genius is one percent inspiration and ninety-nine percent perspiration.

Thomas Alva Edison, 1932

Edison’s light bulb, shining in a thought balloon, has become the image associated with the
discovery of better ideas. But, as Edison’s famous quotation suggests, this is not how invention
works, and certainly not how new water management ideas are developed. What will prevent a
DPS team from overlooking the good alternatives? In what detail should an alternative be
formulated before it is evaluated? And how do group dynamics influence the formulation of
alternatives? This chapter provides a conceptual framework for classifying and understanding

alternatives.

WHAT IS AN ALTERNATIVE?

The status quo describes how aregion would
deal with drought without the help of the
DPS. This scenario should include any
changes that would occur over the planning
period without the DPS. Conversely,
anything that the DPS could change can be
an aternative.

THREE TYPES OF ALTERNATIVES

Measures to reduce water shortage impacts
can be categorized as strategic, tactical, or
emergency. Strategic measures are long-
term responses, such as the provision of
water supply storage, or codes requiring the
installation of drought resistant landscaping
in new homes. They are usually established
in law and supported by considerable
investment. Drought responses (often called
drought contingency plans) are tactical
measures. Tactical measures are short term
and deal with problems within the framework
set by strategic measures. Emergency
measures are responses to circumstances that

exceeded expectations, such as droughts
more intense or prolonged than any on
record, or events with avery rapid onset,
such as pollution of water supply, or
disruption of water delivery by floods,
earthquakes, and cold.

Some alternatives are on the border of two
categories. Whileit is not important for a
study team to label an aternative as being
exclusively in one of these three categories,
it is necessary for ateam to consciously
consider the relationships between the three
types of measures. For example, emergency
responses can be much more effective if the
coordination mechanism is exercised along
with the tactical drought response. And the
effectiveness of some drought contingency
measures may be helped or hurt by the
implementation of strategic measures.

Table VIII lists the three types of
alternatives. Flood responses can be geared
to one parameter, peak flow. However,
because droughts are multi-dimensional,
tactical measures may be specified in general
terms during the DPS, but applied in more
specific terms during a drought.
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TABLE VIII. THREE TYPES OF RESPONSES TO WATER SHORTAGES.

THE THREE TYPES OF ALTERNATIVES

TYPES

Strategic measures are
long-term responses.

They are more likely to be
established in law and
supported by considerable
investment.

Tactical measures are
short term responses
planned within a strategic
framework

Emergency measures are
responses to unexpected
circumstances.

EXAMPLES

Strategic measures include long term conservation programs,
conjunctive management of surface and groundwater, assurance
districts, construction of new reservoirs, changes in state law,
the reassignment of water responsibilities among water
agencies, and increasing water prices or adjusting rate
schedules.

Response measures (conservation or supply); triggers for those
responses, methods of collaboration on decisions; new decision
processes, new ways of dealing with and involving the public.

Emergency drought responses may be required when a drought
is much more severe or long lasting than had been thought
possible. Emergency measures might include plant closings or

the condemnation of water rights. A drought planning team
might also want to consider emergency responses to water
shortages not caused by drought, such as a city’ s response to an
oil spill which will require the closure of its main water intakes,
or an earthquake which destroys water supply lines.

means, and should avoid using the DPS to
justify any group’s idea. Chapter 7 describes
how these initial ideas can be evaluated
quickly so that only the most promising
alternates are developed in detail.

INITIAL LIST OF ALTERNATIVES

Aninitial list of alternatives should be
developed by brainstorming (see page 16)
early in the DPS, but after first statements of
problems and planning objectives have been
developed. Brainstorming can be
supplemented with the generic aternatives
listed in Table IX, page 49. Brainstorming is
apt to include a number of preconceived
alternatives to the status quo, some advanced
by the stakeholdersit will benefit. DPS
teams should focus on the ends, not the

Drought response plans are composed of
tactical measures. Tactical plans can often
gresatly reduce aregion’s vulnerability to
drought, and are usually easier to implement
than strategic alternatives.
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ELEMENTS OF A TACTICAL
DROUGHT PLAN

A drought response plan is a series of
tactical measures that will be implemented at
the time of the drought to reduce the residual
drought vulnerability left by strategic
measures.

A tactical response plan should have the
following elements:

triggers

forecasts

monitoring

enforcement

public affairs strategy
management measures
coordination mechanism

An overview of each element follows. A
discussion of how strategic and tactical
measures can be integrated begins on page
47.

Triggers. Because adrought does not begin
with aclimatic event, like a flood, its onset
may be difficult for stakeholdersto
recognize. A drought indicator is an

obj ective measure of the system status that
can help agencies identify the onset,
increasing or decreasing severity, and
conclusion of adrought.

Pans generally call for certain measures to
be initiated when a drought indicator reaches
apredefined level, atrigger. Trigger levels
can be refined through computer modelling
to strike an acceptabl e balance between the
frequency of drought declarations and the
effectiveness of an early response. The
nature of the indicator and the level at which
responses are triggered should be selected to
reduce economic and environmental
consequences.

Forecasts. If water managers knew in
advance how long a drought would last, how
severe it would be, and how effective
demand management measures would be,
they could optimize the magnitude, timing
and duration of the response measures to
minimize the negative impacts to
stakeholders. Because these things generally
cannot be known until the drought is over,
managers use forecasting techniques to
estimate supply and demand functions.

Case study experience during the National
Drought Study suggested three ways that
DPS teams might be able to improve the
usefulness of forecasts. First, the forecasts
should be used as inputs to the shared vision
model to evaluate the probable impacts of
alternative measures during a drought.
Second, the agencies in a DPS study should
pool forecasting sources and data analysis
during the DPS to provide the most
consistent and complete basis for individual
agency responses. Third, public information
specialists should discuss the form of the
forecast information with technical
specialists. The media and the public will
insist on simply stated predictions, and it will
take a deliberate effort by technicians and
public information specialists to develop
language that is simple and meaningful
(NDS-5). The team may need to seek new
sources of forecast data. The National
Weather Service and the U.S. Geological
Survey are the prime sources nationwide for
forecast data, and the Soil Conservation
Service' s cooperative snow survey isan
important source in 11 western states. The
Corps of Engineers, the Bureau of
Reclamation, and most states also have
programs to collect or process forecast data.

Demand forecasts may aso be important.
Municipa consumerswill greatly reduce
water use if they are convinced that the

drought isareal threat (NDS-5). But the
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percent reduction is difficult to predict unless
acity has recent experience or isusing a
sophisticated disaggregated water use
forecasting model.

Monitoring. Monitoring mechanisms must
be used to determine if the drought response
planis having its intended effect. Inthe
Sesattle drought of 1992, the amount of water
consumed was published daily in alocal

newspaper.

Enforcement. Demand reduction programs
must be enforced if public support for them
isto be maintained (AWWA, 1992).
Enforcement rules can be codified in city,
county, or state ordinances. Violatorswill
often be turned in by water users who are
complying, but in some cases, cities have
used “drought police” to enforce demand
reduction ordinances. Scofflaws may be
issued warnings with educational pamphlets,
or fined.

Public Affairs Strategy. The phrase public
involvement has generally been used to refer
to efforts that include the public in planning,
whereas public relations is more often used
to describe the methods an organization uses
to promote a favorable image with the
public. Public information or affairs is
somewhere in the middle, but it is the public
affairs staff that should communicate
information to the public during a drought.

Previous droughts and public affairs
experience in other areas have shown the
worth of having a public affairs strategy
developed by ateam of water and public
affairs specialists (Opitz, 1989). The
agreement to use the collaborative DPS
decision making processes during a drought
can help avoid (but does not guarantee) the
communication of confusing and discordant
information to the public. The public will
want to know the answers to the most
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fundamental questionsin the most
straightforward terms: “Arewein a
drought?’, “How bad isit?’, “How doesthis
affect me?’, and “When will it be over?”
(NDS-5). In aregion with multiple water
supply systems, people may livein a
community with no drought problems and
work in another that must impose water use
restrictions. The media are not drought
experts and may not have time to learn what
they need to know during adrought. This
problem can be reduced by inviting the
media, especially meteorologists and science
reporters, to demonstration workshops that
show highlights from virtual droughts (see
page 65). More information on public affairs
isavailablein Annex |.

Management measures. A variety of
tactical response measuresislisted in
Table IX. The most common are discussed
below.

® Municipal and industrial demand
modification. Most mgjor citiesin the
United States have instituted some form of
strategic demand modification programs, and
nearly al rely on short term demand
modification to address temporary, drought
induced shortfals. In some communities,
due to the difficulty of finding new sources
and the general environmental opposition to
new dams, demand management alternatives
must be exhausted before new supply
sources are tapped. The term water
conservation is generally used to describe
strategic demand management measures, and
curtailment to refer to tactical measures.
Specific measures include public information
campaigns, changes in outdoor landscaping
practices, changesin the price of water,
regulations and incentives that increase the
use of more efficient water fixtures,
prohibitions on certain uses, and growth
management. The use of water conservation
has become more widespread because it can




be the least expensive way to accommodate
new demands. It can also reduce the costs of
meeting stable demands by reducing long
and short term energy, water treatment and
wastewater treatment costs.

Water conservation may paradoxically
increase drought vulnerability. In the Boston
area, long term water conservation has
reduced not only per capita, but total water
use (NDS-10 and 12). At the sametime, the
water supply storage system can store severa
years of normal inflows. Asaresult,
conservation alows higher average reservoir
storage levels, and reduces drought
vulnerability.

However, the Boston caseis atypical.

Absent multi-year storage, water saved from
long term conservation may only be
conserved for that year. When droughts do
occur, storage will be about the same and the
percent reduction in water use possible from
curtailment will be less.

The question of whether and to what degree
water conservation and drought vulnerability
are interdependent can be answered using a
system analysis such as the Massachusetts
Water Supply Authority’s“Trigger
Planning”, a system of data and models built
around a shared vision model (NDS-12).

® Modification of other demands.
Farmers adapt to market trends and water
availability before planting, but after planting
have alimited ability to curtail water use
during adrought (NDS-5).

Hydropower production may or may not
reduce the availability of water for other
critical needs. Hydropower production can
be replaced by thermal power during
droughts, but at afinancial cost and with a
potential impact on air quality.

Shippers can light-load barges if normal
channel depths are not available, but this
increases shipping costs.

In-stream environmental water needs are
generally set at threshold levels, so further
reductions will generally have environmental
effects (NDS-5). However, in some cases
(such as the Kanawha River DPS), existing
instream flow requirements may not reflect
biological needs because of reductionsin
effluents since the standard was established.
Flat water recreation may suffer from a
decrease in demand during drought because
of aesthetics (mud flats replace shoreline),
but the visitors that do come may be able to
be accommodated with boat ramp extensions
and dock modifications. Whitewater rafters
can use a greater number of smaller rafts.

® Conjunctive use. Although surface and
ground water supplies have usualy been
developed separately, the increasing
difficulty in finding new sources of water
supply is causing increased interest in
conjunctive use, or joint development of
ground and surface sources. The potential
for increasing safe yield by this approach is
considerable.

In large, deep aquifers, withdrawals from
groundwater can be increased during drought
provided that proper arrangements are made
with respect to safe yields.
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FIGURE 10. CONJUNCTIVE USE OF GROUNDWATER FOR DROUGHT
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The possibilities of conjunctive use are
illustrated in Figure 10. The upper diagram
shows use of underground storage for annual
periods of deficiency, resulting either
because of low flows, poor quality in
streams, or of high seasonal water use. The
lower diagram shows the potential for saving
the limited potential of underground storage
to cope with shortages during droughts only.
A more sophisticated method of using
underground storage is by aquifer recharge
and recovery. Thisisoften donein
California, where spring runoff and even
reclaimed wastewater can be used for
recharge.

Despite its potential, conjunctive use
arrangements have not been exploited as
fully asthey could be. There are many
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reasons for this. Many groundwater basins
have neither been quantified nor allocated
among users. Preservation of water quality
during the recharge of aquifersiscritical,

and requires coordination between regul atory
and supply management agencies. Perhaps
most significantly, conjunctive management
is discouraged by the lack of definition of
rights to recapture surface water stored in
underground basins (ACIR, 1991).

Operational coordination. Asthe difficulty
of developing additional supply storage
increases, the advantages of increasing safe
yield through the coordinated operation of
multiple water systems has become more
appealing. Such possibilities are not apt to
be among the first to be suggested. In fact,
administrators and operators of water




systems are usually very reluctant to consider
such an aternative, which would deprive
each system of apart of its operating
autonomy in the interest of overal efficiency
and total aggregate safe yield. However, as
the other disadvantages of alternatives are
evaluated, intersystem operational
coordination may become the only practical
answer.

Depending on the circumstances, operational
coordination of the facilities of two or more
water systems can usually provide a safe
yield of water greater than the total available.
This can happen if the systems are operated
separately, each maximizing its own financial
return. The classic exampleisin the
Potomac River Basin. Coordinated operation
of the upstream and downstream facilities of
the various public and private utilities can
produce atotal safe yield 45% higher than
that of the same utilities operated separately
(Eastman, 1986). In other river basins such
large savings are not usually possible.
However, a study made for the State of New
Jersey for public and private systems on the
Passaic River showed that a 25% increase in
total safe yield could be gained by an
integrated operational control (David, 1989).
On asmaller scale, regiona use of reservoir
systemsis being developed in Texas.

Staging management measures. Drought
response measures come at a cost, so their
imposition should come in stages
commensurate with the seriousness of the
threat of drought damages. Early invocation
of moderate demand reduction measures can
delay or prevent the implementation of more
restrictive responses. Still, the decision to
intervene earlier in adrought is a decision to
increase the number of drought declarations
over time. Again, position analysis using the
shared vision model can help the DPS team
develop general relationships between
triggers and the degree of drought response

measures. The model should also be used
during adrought to reanalyze the benefits,
costs and risks of shifting to the next
response stage too soon or too late.

INTEGRATING STRATEGIC AND
TACTICAL PLANS
The DPS method of preparing for drought is
based on sound principles for water
resources planning and management for all
meteorological conditions. The frequency of
drought declarations, and the effectiveness of

tactical and strategic measures are
interdependent.

As part of the National Drought Study, the
M assachusetts Water Resources Authority
(MWRA), the Water Supply Citizens
Advisory Committee (WSCAC), and the
New England division of the Corps of
Engineers collaborated on a project to relate
strategic and tactical water resources
measures. Collectively referred to astrigger
planning, it is an attempt at what might be
caled “just in time” water supply
enhancement; an operational system that can
reduce economic and environmental
investments in supply and demand measures
while maintaining necessary water supply
reliability.

Droughtsin the 1960's in New England and
the mid-Atlantic and in the 1980's and 90's

in Atlanta, Cdifornia, and Seattle brought
renewed public interest and support for
strategic changes to balance water supply and
demand. Evenif studies of strategic
measures begin before water shortages occur,
there is no assurance that the study will solve
the problem. Supporters and

opponents of various supply and demand
management alternatives may contest each
others positions in planning, regulatory,
legidlative and judicia forums. If the
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FIGURE 11. TRIGGER PLANNING KEEPS ECONOMIC
AND ENVIRONMENTAL INVESTMENTS IN WATER
SUPPLY LOW WHILE AVOIDING CATASTROPHIC
WATER SUPPLY FAILURES.
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planning recommendations are rejected in a
permitting process or judicial review, more
time will be required to develop an
acceptable alternative plan to an
implementable level of detail.

Trigger planning isanew approach to
urban water management. MWRA's trigger
planning system is built from traditional data
sources and models, but with three additional
and unusual building blocks:

® the close collaboration of WSCAC and
MWRA. MWRA pays for two full-time
staff positions and office expenses for
WSCAC. WSCAC has complete online
accessto MWRA' s compuiter files. WSCAC
is respected for its independence and support
for environmental and fiscal values.
However, its closeness to MWRA allows it
to contribute earlier in the planning process,
before an agency position has been taken and
while there is time and money to change
plans.

e the use of ashared vision model
o the use of IWR-MAIN 6.0 to develop

water use forecasts that can reflect a variety
of potential water conservation plans.
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The resulting system alows WSCAC and
MWRA to continuously monitor water use
forecasts, present use, safe yield, and cost
effectiveness. The point in the future when
water use is forecasted to exceed the safe
yield of the system is called a“critical

point”. Estimates can be made of the
amount of time and the separable increments
for implementing a solution that will avoid
water supply shortfalls, so that the date and
minimum requirement of the first step in the
solution can be identified. The date for first
required action is called the “trigger point”.
Because water use forecasts can be easily
adjusted as new population and employment
forecasts become available, trigger points for
later stages of implementation can be kept
current. If new forecasts call for slower
growth, trigger points are moved into the
future and implementation of the next step is
delayed.

Trigger planning is expected to reduce the
risk of water supply shortfall and the risk of
over-investment of environmental and
€Cconomic resources to create an
unnecessarily generous supply.

In addition, the family of models integrates
long term and drought water management,
allowing estimation of the effect of long-term
conservation measures on water curtailment
programs used during drought.

After the difficulties of implementing the
more obvious alternatives are explored
(Chapters 8 and 9), it may be found that
some of the other alternatives may haveto
be reconsidered more seriously.




TABLE IX. A LIST OF TYPICAL STRATEGIC AND TACTICAL MEASURES.
L]

STRATEGIC TACTICAL
Supply Alternatives

New storage v

Reallocation of supplies v

New system interconnections v

Desalinization, importation by barge, reuse v v
Operational Changes

Conjunctive use management v v

Water banking v

Long-term changes in reservoir release rules v

Conditional reservoir operation and in-steam flows v

Water marketing v v

Institutional changes v

Legal changes v

Operational coordination between systems v v
Demand Modification

Voluntary and mandatory use restrictions v v

Pricing changes v v

Public awareness v v

Changes in plumbing codes v

Conservation credits v v

Changesin irrigation methods v

Industrial conservation techniques v v

Alternatives to water consuming activities v
Environmental and Water Quality Changes

Reductions in required low flows v

Alternative means of achieving water quality v
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EVALUATING ALTERNATIVES

Once the objective has been determined, our methodology leads to the selection of that
combination of structures, levels of development for different water uses, and operating

procedures that will best achieve the objective.

- Arthur Maass (Design of Water Resources Systems, 1962)

The methods of water system design developed by an interdisciplinary team at Harvard University
are best known for their influence on the study of the feasibility of new water projects. However,
as the quotation from Professor Maass, the principal author of Design of Water Resource Systems
shows, the concept of objective based design can be applied to operating procedures as well. In
this step, the team compares proposed alternatives against the status quo, measuring how well
they meet the objectives developed in step 2. The team will eliminate or redesign alternatives that
do not measure up, until they are ready to recommend a plan to decision makers. This chapter

describes how to conduct such an evaluation.

Evaluation is the process of estimating how
well aternatives perform in the five
categories of measurement described in
Chapter 4. In each category, the aternatives
are measured against the common baseline of
the status quo. In order to make the best use
of study resources and be responsive to those
who have suggested alternatives to the status
quo, the evaluation process should begin
with brief, documented reviews of many
alternatives and end with more thorough
reviews of just afew alternatives.

INITIAL SCREENING OF ALTERNATIVES

The preliminary screening of alternative
plans can be done by determining whether
they address the planning objectives, how
they perform (according to the accepted
measures of performance), and how well
they satisfy decision makers criteria. Plans
that meet these preliminary tests can then be
evauated according to their economic, social
and environmental impacts.
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The P& G list four characteristics of good
plans. These characteristics are genera
enough that they are appropriate for federal
or non-federal planning efforts:

e completeness (all the elements required to
make the plan work are included in the

plan);

o cffectiveness (the alternative addresses the
planning objectives);

® acceptability (the plan satisfies decision
criteria and does not violate planning
constraints); and

e cfficiency (theratio of plan outputs to
inputs).

Alternatives should first be examined to see
if they are complete. Completeness does not
imply a high degree of detail; at this point,
alternatives should not be developed in
detail. Completeness simply means that the
basic components have been identified.




TABLE X. ANINITIAL SCREENING OF ALTERNATIVES
L]

Alternative Isthe plan Acceptability Effectiveness
Plan Number Complete? . . . _—
Meets decision Violates Meets planning objectives?
criteria? constraints?
1 No N/A N/A N/A
2 Yes No Yes Does not meset water quality
objective.
3 Yes Maybe Yes Does not increase

hydropower production

4 Yes Yes No Yes
11 Yes Yes No Yes
12 Yes Yes No Should greatly help M&l,

may hurt river recreation

Theinitial screening focuses on the characteristics that are necessary and more easily assessed:
completeness and acceptability. Anincomplete aternative can be reformulated and assessed again.
Thisinitial assessment takes place before any alternatives are modeled, so neither the performance
or effects of aternatives can be estimated at this stage.

For example, an aternative that calls for the permits the focusing of study resources on
joint operation of independent water systems the detailed evaluation of the most promising
isincompleteif it fails to include the alternatives.

construction of the necessary physical

comection btween syt

The initial screening should emphasize

effectiveness and acceptability. As Table X Each of the alternatives being seriously
illustrates, this can be done using decision considered should now be modeled. In some
criteria, planning objectives and constraints. cases, teams may decide that each alternative
The goal of theinitial screening isto should be represented by a separate mode! (a
eliminate some alternatives, and develop a modification of the status quo model saved
ranking of the remaining alternatives. The with adifferent file name). In other cases,
process of ranking may help in the teams may decide that alternatives can be
continuing effort to communicate and clarify more effectively represented by internal

objectives and criteria. Theinitial screening “switches” in the status quo model which
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effects the desired change in water
management procedures. The models
provide the plan performance and outputs
required for detailed evaluation.

Using the model, the next level of evaluation
can be on the basis of performance
measures. For example, the model can be
used to estimate how much more frequently
would acity have to impose curtailment
under an alternative than under the status
quo. (See page 38 for adisplay of how these
performance measures would be model ed,
and page 57 to see what the outputs for an
alternative might look like.)

ESTIMATING EFFECTS

Sometimes an evaluation using just
performance measuresis enough. If
operational changes can be made that benefit
many users and hurt none (including the
environment), and the value of the benefits
clearly outweigh the administrative costs of
instituting the changes, then an evaluation of
the economic and social effects of each
alternative is unnecessary. But what if there
is an alternative that benefits some users and
hurts others? Or what if an alternative helps
everyone, but has a significant financial cost?
In those cases, an evaluation of the
economic, environmental, and socia effects
of the aternativesis the only way to
determine which alternative best addresses
the goals and decision criteria.

Economic benefits can be defined in market
transactions as the sum of producer and
consumer surplus. Both are based on the
volume of transaction(s) at a price.
Consumer surplusis the difference between
what consumers would have been willing to
pay and what they did pay; producer surplus
is the difference between what a producer
would have been willing to sell for and the
actua revenue received.
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But most water transactions are not based on
market forces; they are typically based on
past use and regulation. Hence, the
calculation of changesin consumer and
producer surpluses among five or six
competing uses cannot be done
straightforwardly. The application of
economic principles to drought is fraught
with conceptual difficulties. There are some
generally accepted methods of estimating
these benefits, however, and these are
explained in Annex F.

An analysis of the economic impacts of
droughts creates arational basis for making
monetary tradeoffs to reduce the net impact
of adrought. These tradeoffs may be made
between financial (benefit/cost ratio) or
opportunity costs (the benefit lost because
water was shifted from one use to another).

Like all components of a DPS, the extent of
the economic analysisis constrained by
study budgets and schedules, and must
reflect how important economic effects will
be to decision makers.

If an aternative includes changes in the
operation of afederal project, then an
evaluation of NED may be necessary. In
general, there will be greater interest in
regional economic development (RED)
benefits (regional efficiency) and impacts
(distribution of benefits, employment).

Environmental and social impacts of the
various alternatives should be evaluated
quantitatively asfar as practicable. This
means evaluation in terms such as the
number of fish killed or criteria of water
quality affected by a given stream flow.
This may be very difficult to estimate.
There is considerable information concerning
the genera relationship between the
preservation of agquatic habitat for different
species and water characteristics such as
flow velocity, stage, temperature, wetted




area, and concentration of dissolved oxygen
(Arnette, 1976). Fish populationsin agiven
year, however, may be afunction of a
sequence of events within the river basin
(Miller, 1976) aswell asfactors unrelated
to water management, such as the number of
anadromous fish caught off shore (NDS-5).
The effects of droughts that last aslong as
the entire reproductive period of a species
are aso not well known (NDS-5). TheU.S.
Fish and Wildlife Service (Department of the
Interior) and the National Marine Fisheries
Service (Department of Commerce) should
be consulted to determine if there are
threatened or endangered species in the study
area. If so, the DPS team should identify
constraints on operating policies which
would affect those species. Section 7 of the
Endangered Species Act of 1973 (Public
Law 93-205) requires all Federal agenciesto
seek to conserve threatened and endangered
species, and to insure that the actions of
Federal agencies do not jeopardize the
continued existence of any threatened or
endangered species or result in the
destruction or adverse modification of the
habitat determined by the Secretaries of
Interior or Commerce to be critical unless an
exemption has been granted by the
Endangered Species Committee (EP 1165-2-
1).

TRADEOFFS ACROSS
ACCOUNTS

The discussion of accounts on page 30
explains their usefulness in organizing the
effects of an aternative in a meaningful way.
By definition, there can be no pre-existing
rate of trade between effects from different
accounts. That does not mean that society
assigns an infinitely large or small economic
value to social and environmental impacts.

It does mean that trading among the accounts
will be difficult. If tradeoffs must be made

across accounts, they will be negotiated and
constrained by law and politics.

However, cost-effectiveness frontiers and
incremental (marginal) cost analysis can be
used to minimize the costs associated with
producing a given level of social or
environmental impacts, and to associate costs
and impacts as the basis for negotiation. The
goal of these methods s to reveal how much
environmental output is generated per
incremental dollar spent per alternative. A
description of how an incremental cost
analysisis done is shown on page 56
(Hansen).

Risk and Uncertainty. The definitions of
these terms as they are applied to water
resources management have changed alittle
over time. Risk refers to some negative
consequence with an associated probability,
even if that probability is difficult to
caculate. Risk inwater resources
management has until recently been defined
as the product of the conseguence of events
multiplied by the probability of the events,
that isto say, as an expected value of
damages (Guidelines For Risk, 1992). The
classic definition of uncertainty involved
those unknowns that could not be expressed
in probablistic terms.

In flood damage reduction studies, risk
which is an expected value of the damage
from extreme, but rare floods can be
compared to annual or present day costs to
determineif it would be cost effective to
reduce residual flood damages even further
by increasing the size of the flood control
project. In strategic water supply studies, the
“rare, large event” is the drought, and the
risk associated with any strategic supply plan
is the product of the expected consequences
of future droughts times their probability.

But research and experience has shown that
people react differently to the risks of alow
probability, high consequence events (a 500
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year flood, for example) and a high
probability, low consequence events (a 2
year flood), even though they may have the
same expected value (Guidebook for Risk
Perception and Communication, 1993).
Thus a more useful definition of risk has
come into use, that does not multiply
damage by probability: risk is the expression
an undesirable consequence in terms of the
probability of it happening.

The concept of risk in tactical drought
contingency plans has much in common with
the risks associated with flood warning
systems that are used to minimize damage
from floods larger than the design flood.
Risks in drought management include:

the risk that a very severe drought will
cause a catastrophe;

risk that the drought response plan will
be triggered too often (risking reduced
effectiveness of public participation in
subsequent droughts) or too late
(eliminating water savings that would
have been possible had the response
been initiated sooner).

Both of these risks can be assessed using the
shared vision model. No simple
quantification, however, will generally be
possible, because of the various
combinations of severities and durations of
droughts. Nonetheless, the use of the
Drought Atlas (see Annex G) and
simulations with the shared vision model
can develop a better informed sense of the
risk that can be more clearly communicated
to decision makers and elected officials.

DECISION SUPPORT SOFTWARE

Thereis a sound theoretical base and a
variety of computer software packages for
modeling decision processes. The software
packages create mathematical models that
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require alisting and ranking or weighting of
the decision criteria. Use of decision support
software may help:

e focus attention on the criteria during the
evaluation of alternatives,

o the DPS team think about the relative
importance of the criteria, and degrees of
fulfillment of each criterion;

e document the evaluation of alternatives
leading to the selection of the recommended
plan.

These packages can enrich aDPS team’s
understanding of the process that will be
used when regional |eaders decide whether
to accept their recommendations. DPS
teams should consider using sociologists,
political scientists, conflict resolution
specialists, or other professionals with
experiencein this area.

The evaluation of alternatives should lead to
tentative recommendations from the DPS
team. The next chapter describes how to
secure the commitment of decision makersto
aplan.




TABLE XI. THE COSTSPER UNIT OF
OUTPUT (FOR EXAMPLE, ACRES OF

WETLAND)
Plan Units of
Element Output Total Cost

A 80 $2,000

100 $2,600
C 110 $3,400
D 120 $3,600
E 140 $7,000

Total Cost ($)
7000
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FIGURE 12. THE COST EFFECTIVENESS FRONTIER.
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FIGURE 13. IT cosTs $25 PER UNIT TO INCREASE
OUTPUTSFROM 0 TO 80 UNITS, BUT $50 PER
UNIT TO GO FROM 100 TO 120 UNITS.
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Steps in an
Incremental Cost Analysis

These four steps offer asimplified example of how
incremental cost analysisis done.

1. State the planning objectives in such away that
ametric for environmental or social outputs can be
used relative to these objectives. For example, the
team might want to “increase wetland functions”
compared to the status quo. One metric might be
the number of wetted acres added (over the status
quo) by Alternatives A-E.

2. Create atable that shows the costs and outputs
of each aternative (Table XI).

3. Plot a cost-effectiveness frontier, as shown in
Figure 11, that corresponds to the datain Table XI
by connecting (or smoothing) the most cost-
effective points. Alternative “C” is above the
frontier because it offers less environmental output
per dollar than the B-D frontier suggests is
possible. The frontier can be useful as a screening
mechanism because no plan above the frontier plan
is as cost-efficient in producing a given output as
the plan on the frontier at the same outpui.

4. Graph theincrementa cost per unit (Changein
cost + change in output) as shown in Figure 12.
This graph gives a clear picture of how costs
increase incrementally as greater outputs are
pursued. The graph smply displays some of the
information included in Table X1 more clearly, and
by doing so, may help teams decide what level of
output is economically acceptable.

Combinations of measures can be compared by
adding afew more steps. (Hansen, 1993).



TABLE XII. A MORE DETAILED EVALUATION OF ALTERNATIVES.
L]

The table below illustrates how a shared vision model can be used to analyze and display the
effects of 2 alternative drought plans that have passed a preliminary screening (they both meet the
planning objectives and violate no constraints). The comparison is based on a simulation of the
drought of record, a one year period. When compared to the status quo, the two alternatives both
reduce the number of days of curtailment of M&I and recreation, and cause no additional
reduction in hydropower production. (Under the status quo, it would cost $12,000,000 to replace
the hydropower lost during this year long drought, and that remains true under these two
alternatives.) Alternative 2 permits more rafting days than Alternative 1, but also requires a
longer period of urban water use curtailment. Which should be sacrificed? The measurement and
comparison of the effects of each alternative provides valuable information in such cases.

Standard of comparison Status Quo Alternative 1 Alternative 2
Q E Improve M&I service Yes Yes
=
% I Increase rafting Yes Yes
o)
Maintain hydropower Yes Yes
L
% é Days of rationing 100 60 75
% S Number of rafting days 0 56 112
W x
Sa Hydropower produced 123 MW 123MW 123MW
Recreation benefits $23,000,000 $56,000,000
over status quo (NED)
Increase in tourism
revenue over the status Cumulative Tourism Revenue - Alternatives 1 vs 2
quo (RED) $20M— Alternative 2
0
it
oy $10M—
w Alternative 1

M&I utility revenue
shortfall

Replacement power
costs

Week 4 8 12 16 20 24

$10,000,000

$12,000,000

$6,000,000

$12,000,000

$7,500,000

$12,000,000
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INSTITUTIONALIZING THE PLAN

The danger in not formalizing the plan is that a change in political or administrative leadership
may lead to decay of the plan’s infrastructure. It must be emphasized that political interest in

drought quickly wanes when the crisis is over.

- Donald A. Wilhite (Drought Assessment, 1993)

The DPS team constitutes a new, integrated community that more closely mirrors the integrated
nature of the problemshed. But as the team’s planning work nears completion, it must find a way
to institutionalize the integrated problem solving approach so that it can outlive the DPS for use
in the next drought. To do that, decision makers must approve the recommendations of the DPS
team and agree to change the institutions of the entities they manage to reflect that agreement.

This chapter offers some ways to negotiate that approval.

The findings of the DPS are presented as a
written report; but the most important
product of the DPS is the new process of
water management. A successful DPSis
institutionalized by agreement among the
responsible agencies to act according to the
findings of the DPS.

In this step, the DPS team recommends a
plan to decision makers, specifies necessary
changes in laws and regulations, completes
environmental assessments or impact
statements, and facilitates negotiations on the
agreement(s) decision makers must approve
to ingtitutionalize the new processes.

RECOMMENDING A PLAN

The final selection process must include
negotiations, bearing in mind that what is
most important is not the personal opinion of
the individuals around the table but general
public opinion and the political influence of
the organizations which these individuals
represent.
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To help secure commitment from decision
makers, the DPS team should organize
evaluation data and prepare presentationsin
such away that the “bottom line” is clear to
decision makers. These decision makers will
not have the benefit of immersion in the
evaluation process with the shared vision
model that the DPS team members enjoyed.

A process which was used in the plan
selection workshop in the Kanawha River
DPS proved to be very useful for building
confidence in the selection process. As part
of the workshop, a*“Decision Matrix” was
prepared, (Table XI11), which illustrated
comparison of impacts, including both
economic and non-economic. First, the
distinct features of each plan were reviewed
and their shared vision model was used to
estimate how each alternative would affect
the interests of stakeholders. Next, the
workshop facilitator, using a table showing
each of the planning objectives as column
headings and each of the alternatives as
rows, scored each alternative from “---" (very
negative impact) to “+++" (very positive) for
each objective. Ashedid so, workshop




participants were encouraged to debate the
rating based on the model outputs, and to
assign their own ratings on asimilar blank
score sheet each had received. These
simplified ratings merged the performance of
the plan on the two design droughts that had
been considered, and took account of all the
measures for each objective.

The scoring showed that two alternatives
improved the performance of the system in
several objective categories, and matched the
performance of the status quo in all other
objectives. The analysis showed that Plans 4
and 5 helped water quality, rafting, and lake
recreation, and did not affect hydropower or
navigation. Plan 2 helped rafters, but hurt
lake recreation; Plan 3 did just the opposite.
Because plans 4 and 5 were not mutually
exclusive, the workshop participants agreed
that a plan that combined the advantages of
both should be used during the next drought.

In many cases, the choice will not be as
clear. Inthose cases, CircleB and C
participants can enter into a process of
negotiation supported by the shared vision
model and evaluation data. These
negotiations are most likely to be successful
if the participants have been given specific
authority to make agreements for decision
makers. Otherwise, no participant will know
if further concessions will be needed.

Further modifications to aternatives or new
conditions for their use may be considered to
develop a consensus on a recommendation.
It may be useful to break into smaller groups
to determine if the small groups could
support an alternative plan before negotiating
in plenary sessions.

When stakeholders believe that no alternative

reduces impacts enough, the options that
remain are:
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® t0 accept the fact that, even with the
best plan, impacts of a severe drought
will be very damaging;

® to decide that the interests of the
region would be best protected by
pushing for along-range solution, either
new infrastructure or one of the non-
structural long-range alternatives,

® {0 agreeto pursue the plan that helps
most stakeholders;

® {0 agree to pursue the plan that helps
most stakeholders, but with paymentsto
those who are hurt;

® to accept aplan in principle, but agree
to proceed with it during a drought only
if possible losses by some stakeholders
do not materialize (because of changed
conditions or uncertainties about the
estimates of harm).

CHANGES IN LAWS AND REGULATIONS

If the recommended plan includes changesin
existing laws, regulations, or structures, then
the team should develop a plan to effect
those changes. The team should be mindful
of the fact that these changes will probably
not occur until sometime after the DPS is
complete, and must be budgeted and staffed
separately. Now the early effort to include
those involved in long term management
processes (see page 18) will pay dividends.

As the choice between dternatives narrows,
it is desirable to make final checks upon
cost, financing, legality, and public
acceptability. The adoption of the plan will
be manifested by publication of the report;
but the effectiveness of the plan depends




upon agreement by the responsible agencies
to implement it.

ENVIRONMENTAL REVIEW

If the recommended plan involves changesin
the operation of federal water projects, the
National Environmental Policy Act (NEPA)
requires an environmental review. The
minimum required response is an
Environmental Assessment (EA) and Finding
of No Significant Impact (FONSI). The DPS
should have involved environmental
representatives and investigated potential
environmental impacts, making it easy, fast
and inexpensive to produce the forma EA
and FONSI. If there are significant impacts,
an Environmental Impact Statement must be
prepared and circulated for approval.

NEGOTIATING CLOSURE

The connections from Circle A, B, and C to
Circle D must now be exercised. The
decision makers who will sign the agreement
to ingtitutionalize the recommended plan
must be approached and any remaining
conditions for their signing negotiated.

The DPS team may decide to present their
process and findings to decision makersin a
final workshop. The purpose of this
demonstration workshop is to showcase the
collaborative analytic efforts and the support
for the recommended plan among those most
affected by it.

THE AGREEMENT

Institutionalization requires written
agreement to act according to the findings of
the DPS. Operating policies (reservoir or
pump station operating plans, or individual
drought contingency plans) may haveto be
revised within the collaborating agencies
near or after the completion of the DPS.
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Implementation is greatly smplified if the
area of concern liesin asingle state, or if it
is encompassed by a River Basin
Commission, with responsibilities related to
drought. Otherwise, interstate agreements or
memoranda of understanding will be
necessary.

Partnering agreements, which have been
used by the Corps of Engineers to improve
the quality and productivity of the Corps
construction contracts, may be helpful in
publicizing the intent of the agencies to act
according the findings and spirit of the DPS.
A partnering agreement does not legally bind
the signers to a set of actions, but smply
expresses the mutual advantage desirein
acting in a particular collaborative fashion.
An example of a partnering agreement is
shown in Figure 13. A partnering agreement
can:

® establish acontinuing collaborative
process,

® support the maintenance and use of the
shared vision model;

® name those involved in drought
committees;

® establish legal bounds on the agreement;

® gpecify when Virtual Drought Exercises
will be held.




TABLE XIIl. FINAL PRESENTATIONS TO DECISION MAKERS SHOULD MAKE THE RESULTSAS
CLEAR ASPOSSIBLE.

Simple matrices like this can be used to starkly and clearly portray the DPS team evaluation
process to decision makers after the team has used more sophisticated and quantitative analyses to
select a recommended plan. This table made it clear to the participants of the Kanawha River
DPS workshop that delaying the start of water quality releases and varying the amounts of those
releases hurt no one and benefited many. Even water quality was improved, since dissolved
oxygen levels were high at the beginning of a drought, and delaying augmentation releases
conserved water that could be released later in the summer when dissolved oxygen levels were

lower.
Objective- Increase the Increase the Increase the Increase the Increase the
quality of river reliability and reliability of lake reliability of reliability of
water in the value of the recregtion in the hydropower navigation on
Kanawha River Gauley River Kanawha River generationin the the Kanawha
basin during whitewater rafting Basin during Kanawha River River during
drought experience during drought basin during drought
drought drought

Alternative |
Status Quo 0 0 0 0 0
Increase 0 + + 0 +
Summer Pool
by 17 feet
Reduce target 0 +++ - 0 0
flows
Overrideruleto 0 - + 0 0
conserve water
in
Summersville
Delay start of + ++ ++ 0 0
WQ releases
Vary the + ++ + 0 0
amount of WQ
releases

KEY: - means an adverse impact; + a positive impact; the more +'s or -'s, the greater the
effect of the plan
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Once the agreement is signed, the greatest threat to its effectiveness will be the passage of time
and the press of other concerns. As time passes, the threat of drought will seem more distant, the
staff members and stakeholders will work on other projects, change careers, or retire. The next
chapter describes how to exercise and update the plan.
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FIGURE 13. A SAMPLE PARTNERING AGREEMENT.

This agreement expresses our recognition of common goals and shared responsibilities in the

management of water in the basin during drought. This agreement builds upon the
mutually beneficial relationships which already exists among the stakehol ders and agencies
involved in the management of the system.

A shared vision model of the system was devel oped during the recent DPSto

help resolve conflicts and reach consensus among resource managers as mutually acceptable
operating plans are developed during periods of water shortage.

In recognition of the threat water shortages present to us all, and to provide a foundation for
management of the shared vision model, we agree to:

® \Work together as regional partners, in an atmosphere of cooperation, open communication and
trust, to encourage a problem-solving attitude.

® Use the shared vision model to enhance and improve resource management in the
system. The model will be available for use by all partiesinvolved in making water resource
management decisions, to facilitate independent evaluation and development of alternative
operating scenarios. will maintain the official version of the model.

® Participate in virtual drought exercisesin the spring of even numbered years. The purpose of
the VDE is to exercise and update our collective drought response.

® Convene ameeting of the signatory groups whenever any of us reguests to determine whether
to implement a drought response.

To ensure that the official version of the model contains current and accurate information,
streamflow data will be updated as needed by . Changes which affect model
operation and/or outputs (i.e. addition of system components or correction of errors) will be
documented and reported to all of us for consideration.

Resource managers are encouraged to modify the model, to aid them in identifying and evaluating
management strategies and to develop new insights. They are also encouraged to inform others of
such modifications and their effects on model operation.

will maintain alist of agenciesinvolved in the management process that have been
given access to the model. Thislist will be distributed to all signatories.

Designated points of contact for each signatory agency will meet regularly, in conjunction with
scheduled interagency coordination meetings, to review the model, its use, and changes to the
model.
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EXERCISE, UPDATE,
AND USE THE PLAN

A drought plan, like a fire evacuation plan, will be most effective if exercised regularly. Like
a fire drill, a drought exercise can show new people and remind veterans what the plan is.
But unlike a fire drill, water managers are apt to find the corridors have changed; water
uses diversify and intensify in the years between droughts, and new stakeholders must be
brought into the process. When droughts do occur, the plan will be tested, and managers will

have a unique and valuable opportunity to learn if they consciously record the events during
the drought and compare them to their expectations.

Some of the good work done in the
preceding steps can be undone by the
passage of time. It may be several years
after a DPS before another drought occurs.
During that time, professional staff may
change jobs, water uses may change in
nature and quantity, and new laws may be
passed that affect the way the water system
can be operated. The result isthat the trust
and familiarity developed during the DPS
will diminish, and the region’s vulnerability
to drought will gradually return.

The solution isto exercisethe plan. Itisa
simple concept, used quite commonly in
other areas of hazards management from fire
drills to military maneuvers. Theideaof a
drought exercise has been used since the
early 1980's by the Interstate Commission on
the Potomac River Basin (ICPRB), which
coordinates water management in the
Washington Metropolitan Area (WMA). An
annual exerciseisimportant for the Potomac
because coordinated management of several
water systems was used in lieu of additional
storage to increase the safe yield of the
collective system.

VIRTUAL DROUGHT EXERCISE

During the conduct of the four demonstration
studies, Dr. Richard Palmer, a University of
Washington researcher and the devel oper of
the smulation model used in the first
Potomac exercise, suggested that the shared
vision models and close collaboration among
stakeholders in a DPS would make it
possible to simulate a drought more
realistically than ever before. The resultant
Virtual Drought Exercise could be used in
the years after a tactical drought plan had
been designed to exercise aregional drought
preparedness strategy. This would let
agencies address new water uses and train
new staff and stakeholders. Thefirst virtual
drought was held in Tacoma, Washington on
August 4, 1993 as part of the Cedar and
Green River Basins DPS. It was well
received by the participants and can be used
asamodel for other regions interested in
exercising water plans.

A Virtual Drought Exercise should have the
following elements:

EXERCISE, UPDATE AND USE THE PLAN
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e afacilitator, to explain the rules of the
VDE and manage the time spent on
negotiations;

® participants, namely the people who
would represent water agencies and
stakeholder groups during a drought;

® amember of the pressor apublic affairs
person to represent the needs and influence
of the media;

® data synthesized for the exercise, including
forecasts, initia storage amounts, inflows,
and demand variables. Virtual droughts
should require participants to confront the
uncertainties of real droughts concerning
future precipitation, streamflow, and
consumer responses to drought measures.
Although the designers of the VDE will
know all the hydrologic data for the exercise,
they should not share them with the
participants except asthey are reveaed
during the unfolding of the virtual events.

® two versions of the shared vision model,
modified for this specific application. The
first is used by the facilitator to track the
performance of the system as decisions are
made. The second is used by the
participants to estimate the impacts from
alternative management decisions;

® ascoring system (optional) to measure the
performance of the participants.

The Tacoma virtual drought took place
during one seven-hour session in alarge
conference area. Each segment began when
the facilitator ran his version of the shared
vision model to simulate from 2 to 6 weeks
of system operation. The facilitator then
announced the new system states (reservoir
levels, release patterns, shortfalls, etc.) and
caled for a“forecast”. After the participants
questioned the forecaster, they used a second
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version of the shared vision model to
estimate drought impacts under different
policies. The sensitivity of the impactsto
forecast errors was a so analyzed by using
arange of forecasts centered around the
published forecast. Participants then
negotiated decisions as they would during
adrought on such issues as minimum flow
requirements, the imposition of water
curtailment measures, the supplementation
of surface supplies with groundwater, and
changesin reservoir operating policies.

Debriefing discussions were held
immediately following the exercise. The
universally high level of attention and
occasional signs of irritation brought out
during the exercise offered testi