Defining Sustainability

Frederick Bloetscher and Albert Muniz

ater is perpetually recycled on the

Earth. The recycling goes back in

time far beyond the dinosaurs.
Through what is known as the hydrologic
cycle, water on Earth is continuously replen-
ished and redistributed through precipita-
tion, runoff, and percolation into the soil,
and evaporation, condensation, and ulti-
mately precipitation again. The key for a
water supply system is to determine how the
hydrologic cycle provides water to the service
area (e.g., recharge basin), in what quantities,
and with what reliability.

This essay was written to initiate a dis-
cussion of some of the concepts on the impli-
cations and definitions of sustainability and
their practical aspects as applied to water sys-
tems. While we all recognize the idea that:

Withdrawals = Consumption + Returns (to
hydrologic cycle)

the concept is not that simple, and the con-
cept of “sustainable water” is expressed in dif-
ferent terms, depending on the profession
using it.

From a hydrologic perspective, the term
“sustainable yield” is the amount of water that
can be withdrawn from a source at rates that are
less than their recharge potential and that do
not deteriorate the source. For geologists, “safe
yield” is oriented toward groundwater, but is
the amount of water that can be withdrawn
without a decrease in the long-term water lev-
els. A definition for “sustainability” created by
the American Water Works Association’s Water
Resource Division Trustees was:

“The planning, development and man-
agement of water resources to provide an
adequate and reliable supply of water with a
quality suitable to meet their economic, envi-
ronmental and social needs for current and
future generations.”

The following question still remains
regarding the completeness of the definition:
Does it address all the associated issues?

A recent report by Murley (2006) defined
sustainability as “use of resources by our gen-
eration in a manner that will not diminish the
ability of future generations to meet their
needs.” Murley (2006) also ties “sustainabili-
ty” with “prosperity” and notes that improved
economic health and greater social equity
result in a better quality of life for all people.

In some instances, sustainable use may
be limited seasonally based on hydrologic
patterns (wet-season allocation and dry-sea-
son allocation). Typically, there are a variety

of uses competing for water resources, and
each basin has unique characteristics. For
example, in Florida many basins have the fol-
lowing competing interests:

é Agriculture

& Ecosystems

6 Urban demands

6 Industrial demands

6 Cooling water

From a practical perspective, sustain-
ability is oriented to a pool of
resources/materials and their optimal extrac-
tion, the uses of these resources, and their
ultimate sustainable use; therefore, all users
in a basin must be considered, but how will
uses be prioritized and by whom?

The uses of these resources can not be
separated from the opportunity costs of the
same resources, and therein lies the dilemma.
While water is constantly recycled, its use in
one sector may make it unusable by a com-
peting sector. The impact of these decisions
ultimately affects the basin’s social, economic
and ecological basis.

The Systems Concept

Sustainability is influenced by a number
of different factors, such as environmental
quality, financial management, and institu-
tional capacity. If projects do not meet the
demands of the users, the inputs required for
their maintenance and survival will not be
achieved, since there is a relationship between
the responsiveness of a system and its sus-
tainability (Virjee and Gaskin (2005).

As a result, “sustainable” and “develop-
ment” appear to be mutually exclusive terms,
yet the concept of sustainability must assume
there will be change over time within the basin
that speaks to which type of “development”
may be encouraged from a profit-and-growth
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perspective. It must be assumed, however, that
to meet the “sustainable” criterion, such devel-
opment should not degrade the systems on
which development depends (Newton, 2003).
From a practical perspective, sustainable
development generally means addressing the
environmental, economic, and social concerns.
Researchers can define a comprehensible con-
cept of sustainability, but practitioners empha-
size feasibility and limitation to sustainability
of the ecosystem (Starkl and Brunner, 2004).
Identifying critical natural capital
requires systematically analyzing and evaluat-
ing whether environmental functions are
being used sustainably, determining the
extent of any sustainability gaps, identifying
economic and environmental pressures, and
monitoring public policies aimed at improv-
ing the ecological system. Criteria that can be
used include (Ekins, 2003):
é Maintenance of human health to avoid
negative health impacts
¢ Avoidance of loss of ecological function
6 Economic sustainability — maintenance of
economic activities on a basis that does not
deplete the resource
From a systems perspective, a sustainable
society is one that has the institutional, social,
and informational mechanisms in place to keep
in check the feedback loops that cause expo-
nential population growth and natural capital
Continued on page 14
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depletion. A sustainable world is not a rigid
one, where population or productivity is held
constant, yet sustainability does require rules,
laws, and social constraints that are recognized
and adhered to by all (Meadows, 2005).

The objective of effective resource uti-
lization is equivalent to the goal of sustain-
able project design (Virjee and Gaskin, 2005).
Economists were the first to tackle the sub-
ject. They define sustainability in different
ways, including that sustainable economic
growth means real Gross National Product
per capita and social development which
means that per capita utility is increasing
with time, and that a set of development indi-
cators is increasing over time.

As another option, economic production
involves transforming raw materials into fin-
ished goods, and the success of economic
enterprises is tied to some degree to the cost
and availability of the raw materials. Such eco-
nomic indicators provide useful information
about the structure of an economy, the changes
to it, economic gains and losses, and gains and
losses to a particular sector or individual.

Even among economists, however, these
indicators are generally misunderstood. The
measures should reflect the scale of the activity
and the scale of the net financial changes to the
region, not specific benefits or non-benefits to a
particular activity, industry, or individual. To do

so would ignore the value of the ecosystem, and
the potential value that may be understood only
in the future that the ecosystem may derive.

Implicit in evaluating these sustainabili-
ty concepts is the uncertainty and reversibili-
ty of natural resources and their substitutes.
Sustainability should consider what is being
sustained and whether it is inclusive enough
to account for multiple objectives, less money
or resources being wasted in competition
between objectives. (Popp, et al, 2001).

One concept that provides uncertainty is
the Dbiodiversity of the ecosystem.
Biodiversity may be described in terms of
genes, species, and ecosystems, correspon-
ding to three fundamental and hierarchical
levels of biological organization. Species
diversity has economic value to the concept
of sustainability, but the economic value of
biodiversity may be difficult to measure with-
out understanding the mix and makeup of
the ecosystem (Pearce and Moran, 1993).

For example, in many regions, it is appar-
ent that the loss of forest lands leads directly
to water-quality degradation (Barten and
Ernst, 2004). A natural resource stock (such as
forests) generates forms of desired human
services (such as lumber and recreation
(Popp;, et al, 2001). Forests contribute to the
livelihood of 90 percent of those living in
poverty (Haigh, et al, 2004). As a result, forest
cover has been adopted by the United Nations
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as a key environmental stability indicator.

The environment is vulnerable to the
impacts of development and other human
activities, which generally have adverse impacts
on ecosystems. The most significant are climate
changes that may arise from increasing con-
centrations of carbon dioxide in the atmos-
phere and non-point water pollution from
increased fixation of nitrogen through the pro-
duction of industrial fertilizer, along with the
loss and/or fragmentation of wildlife habitats
from man-induced landscape changes (Prato,
2005). Distortions of natural cycles of water
resources are also a problem in the water
resource sustainability question (Beck, 2005).

Depleted ecological stocks can not be sus-
tained, and conserving natural capital does
not always imply absolute protection against
depletion. Compensatory mitigation is one
replacement strategy that has been tried — pur-
sued mostly in an attempt to mitigate impacts
to ecological systems (NRC, 1994). The ques-
tion, therefore, is this: Should resources should
be sustained as they currently exist, or should
the services they provide be sustained?

The current local economic situation of
many areas indicates how specific analyses
undertaken years ago have wrought unexpect-
ed impacts, most of which appear negative to
the capacity of sustaining the system. An
example: In the Klamath River Basin in
Oregon, the historical $4.5 billion/year salmon



fishery has been reduced to $50 million per
year as a result of agricultural diversions that
produce a gross revenue of $200 million per
year. Irrigation diversions during a drought
wiped out salmon runs in 2000 and 2001. The
result will be that salmon can not return to the
stream during those intervals (4-6 years from
birth), meaning salmon runs are potentially
damaged for many years. At the same time, it
should be noted that recreational opportuni-
ties mostly concerned with fishing and bird
watching in large wildlife sanctuaries is the
fastest-growing economy in the area — gross-
ing $800 million/year and growing at up to
$50 million/year. If salmon were a reliable fish-
ing opportunity, the potential for this sector
dwarfs all other sectors (GAO, 2004).

Sustainability in Water Resources

Sustainability of water resources incor-
porates the concept of inputting socioeco-
nomic constraints in exploiting water
resources (Adrians, et al, 2003). The Dublin
Water Principles claimed that water is an eco-
nomic good within the European Union set-
ting, despite its recognition as an economic
good for centuries before that time (Rogers, et
al, 2001). The production and delivery of
drinking water and the treatment of waste-
water are recognized as vital functions of soci-
ety, and securing them for future generations
is important for sustainable development.

Sustainable development indicators for
water bodies include the withdrawal of fresh-
water and releases of nitrogen and phospho-
rous (Palme, et al, 2004), but based on the
current water quality management practices
employed worldwide, the situation is far from
satisfactory as a result of pressures from
increasing population and economic devel-
opment. Tools to help assess sustainability
concerns include risk assessment tools, data
availability and reliability, modeling system
complexity, water quality modeling, water
quality monitoring, and policy integration
(Huang and Xia, 2001).

In sustainable water management, water
systems should be treated as holistic entities,
incorporating supply or input, use, and dis-
posal (output). Sustainable water manage-
ment requires a holistic approach to water
planning, integrating and the recognition on
interconnections between systems, differing
levels of scale, and the dynamic nature of the
complex ecosystem to meet its goals (Tippet,
2003). The recognition of regenerated supplies
and their water-quality impacts are important.

With regard to surface waters, develop-
ment has substantially impacted the fluxes,
timing, and quality of water that recharges
aquifers and discharges to streams, rivers, and
wetlands (Adrians, et al, 2003). Planning for
sustainability is an emerging role in the con-
text of river catchment management.

Within groundwater systems, sustainabil-
ity is usually measured where the total amount
of water entering, leaving, and being stored
must be conserved for sustainability of the
resources, hence all inputs and outputs must
be accounted for in the water budget (USGS,
1999). The concept of safe yield may be a
flawed concept, however. To insure sustain-
ability, it is imperative that water withdrawal
limits be established based on hydrologic prin-
ciples of mass balance (Sophocleous, 2000).

Rising expectations concerning levels of serv-
ices, protection of the environment, and enhanced
sustainability are increasing demands on the urban
wastewater system (Butler and Schutze, 2005). To

achieve sustainable development, the principles for
designing wastewater treatment system alternatives,
in conjunction with urban water and wastewater
policy limitations, must be developed (Berndtsson
and Hyvonen, 2002). To be sustainable, wastewater
technology assessment should include community
participation within the decision-making process
and an environmental education component with
all alternative wastewater treatment systems
(Burkhard, et al, 2000).

Huang and Xia (2001) state that human-
ity has the ability to make development sus-
tainable, to ensure that it meets the needs of
the present without compromising the ability

Continued on page 16
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Figure la — An example of surface water and groundwater supplies. Figure 1b — Expansion of regenerated supplies in the basin leads to addi-

tional supplies (the area of the groundwater and surface water wedges are the same as Figure 1a)

Continued from page 15
of future generations to meet their own
needs. To achieve such sustainable practices
such as water supply, groundwater recharge,
environmental mitigation, wastewater dis-
posal, and stormwater discharge requires a
series of decision-making processes that
involved controlling environmental, institu-
tional, planning, and regulatory constraints
(Ellis, et al, 2004).

Developing sustainable solutions involves:
¢ Problem Identification
6 Data collection and analysis
6 Development of goals and objectives
¢ Diagnosis of problems and issues
¢ Identification of alternatives
¢ Evaluation and recommendation on actions
6 Implementation of action
6 Monitoring

Comprehensive planning (diverse inter-
ests) is typically applied to basins to identify
priorities and resolve conflicts. Functional
planning looks only at one issue, such as:
6 Water conservation versus demands
6 Impaired water quality impacts on ecosystems
¢ Withdrawals < demands?
& Legal restrictions/allocations

Human needs (development, agriculture,
transport, industry, etc.) compete with natural
systems for clean air, clean water, materials, and
waste disposal. Scarcity of the resource makes
choices unavoidable. Economics, defined as the
study of how scarce resources are allocated,
applies easily to water-resources decisions on
the surface, but lessens in clarity as unknown
ecosystem, tourism, or other economic sectors
that are not currently established may be gross-
ly underestimated. While water economics is
prescriptive, it should not be the only criterion
for evaluating sustainability.

Scarcity occurs when there is more
demand than supply, even when there is no
cost. An example is for a salmon run where

there are many demands for a finite resource:
6 Commercial fishing
é Recreational fishing
¢ Tribal demands
6 Return of the run to the stream for the
future

Some demands can be met, but meeting
all the demands can not happen. And which
one is the priority? The economic demands
may conflict with the ecological demands —
agriculture versus ecosystem versus econom-
ics. The market does not value everything
with respect to money, either. Legal agree-
ments or treaties may distort the picture. And
what is the value of wilderness? Options may
include factors such as:
¢ Timber?
é Recreation?
6 Fish?
6 Biotic diversity?
6 Watershed protection?
é Bequest to future generations?

In such cases, the value of the best alterna-
tive may not be provided. For example, if a
wilderness area is timbered, will it cease to be a
productive fishery? Is this a net positive or neg-
ative to the sustainability of the basin? The
opportunity cost of the timber alternative
equals the value of the fishery lost. Or, if you
chose to build a hydropower plant as opposed
to a coal-fired plant, the avoided cost is the cost
to provide the pollution equipment to clean
the air. There is a net positive to the project.

Defining Sustainability
Defining Sustainability includes:
6 Understanding the water supply for a given
basin.
6 Understanding the water budget as cur-
rently allocated.
& Defining a hierarchy of uses based on water
quality, timing and demand periods.
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¢ Water quantity and water quality.

6 Basin-based impacts of water allocations.

6 Understanding the base condition, includ-
ing the ecosystem.

¢ Understanding the current condition.

6 Understanding the impact of changes from
the base condition on the hydrologic cycle
and ecosystem.

6 Defining future needs and land-use
changes.

¢ Defining current legal or regulatory issues.

6 Understand hydrologic changes and the
impact of each component to facilitate
understanding of the impact of changes in
the hydrologic cycle on the basin, including
climatic changes.

To this end, information must be gath-
ered to:

¢ Identify the current conditions.

é Create a model of your watershed.

é Calibrate the model.

¢ Identify the initial condition.

¢ Identify ecological features.

6 Model initial condition and identify/quan-
tify the changes from land-use changes.

¢ Identify changing land-use patterns.

é Model future watershed condition and
identify/quantify the impact of changes.

¢ Identify ecosystem condition (good, fair,
poor) versus disturbance (high, low, none).

¢ Identify options for water-supply needs.

é Develop alternative analysis.

é Model recommended alternatives.

¢ Identify political/social issues.

é Revise options to minimize adverse
impacts in all sectors.

¢ Identify sentinel species to monitor.

¢ Identify additional options to mitigate
adverse impacts to sentinel species/recov-
ery plan.

For example, the “basin” defined as the
Continued on page 18
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South Florida Water Management
District includes the Everglades. A
water budget for the surficial aquifer
for the basin can be developed from
long-term rainfall data. The variabil-
ity in that data can also be devel-
oped. These have been incorporated
into district models (Note: The same
can not be said at this time for the
deeper aquifers that have no
recharge area in the district).

Ecosystem

Urban Supplies

opment and the proposition that eco-
nomic growth, the alleviation of poverty
and sound environmental management
are in many cases mutually consistent
objectives (Pezzey, 1992).”

The focus on sustainable develop-

Ag Use ment and the interdependence of the
economy and the basin environment
are increasingly important concepts.

Transportation  Issues inherent to answering ques-

Likewise, defining the total water,
both surface and groundwater needs
to be generated (see Figure la).

To a degree, these factors have

Figure 2 — Hierarchy of water quality needs?

tions about sustainability include

(Pezzey, 1992):

& Is sustainable
process or a state?

& Does sustainable resource use

development a

been incorporated into current

models. A key factor is defining the water-

quality limitations of these waters.

The ecosystem in Florida requires much
higher quality water than agricultural use.
Urban users require water quality somewhere
between the two, depending on how much
treatment is provided. The reuse of stormwa-
ter, wastewater, and agricultural runoff by
other users with water-quality
demands (irrigation) can expand the “pie”
(see Figure 1b). Regenerated supplies that fail
to meet water-quality requirements of other
users fail to add to the “pie.”

Figure 2 is an example of the hierarchy
that might be generated for water-quality
uses. For a sustainable basin, the water need-
ed by the ecosystem should be the highest
quality water, which is what has been recog-
nized by regulatory agencies in South Florida.
Then, are urban or agricultural users the next
priority? Who has first access to the water? Is
this an appropriate policy? What are the
downsides to that access?

Decisions must be made as to the
long-term sustainability of a basin. The prob-
lem is determining what to measure. Figure 3
shows how economists can find an optimal
solution, using only economics. But much is
not valued or undervalued. As an example for
South Florida:

1. What is agriculture’s role in the long-term
sustainability of water supplies for South
Florida?

2. How is future development to be imple-
mented in South Florida to achieve sus-
tainability?

3. What impact will that have on the long-
term sustainability of the basin?

4. How can we value South Florida ecosys-
tems (recreational as well as societal)?

5. What is the economic value of the Biscayne
and other surficial aquifer systems?

6. Have weather patterns impacted water
supplies, coastal conditions, and/or reefs?

Few of these types of questions have eas-
ily defined values, and many other questions
are unasked here. All too often, water-supply

lower

studies focus on the short-term or narrow
needs of the agency, not the sustainability of
the basin. Changes in the hydrologic cycle,
wet/dry conditions, etc., may bring unexpect-
ed changes in the future. Care must be exer-
cised to insure that these issues are acknowl-

edged.

Conclusions

Sustainability implies a process which
can be continued indefinitely—a course of
action that does not include within itself the
seeds of its own end or defeat. In 1987 the
World Commission on Environment and
Development created the following as a defi-
nition of sustainability:

“...a sustainable society is one that meets the
needs to the present without compromising the
ability of future generations to meet their own
needs.”

The report goes on the state that the
World Bank:

“...is committed to promoting sustainable devel-

require that every resource stock
must not decline?

¢ What is the relevance of natural resource
accounting?

é Is a sustainable resource a means or an
end?

6 What distinguishes economic growth and
environmental improvements as mutually
consistent objectives?

é How much sustainable development can
be furthered by simply enforcing property
rights or environmental laws?

é How can investment be attracted in the
long-term?

Sustainability in this context requires
that human use of the world does not detract
from the seventh generation’s ability to derive
the same benefits from similar activities 200
years from now (Newton, 2003)

Most experts identify the biggest detri-
ments to the sustainability of water supplies
as a failure to fully understand the ramifica-
tions of the concept and the inability of elect-
ed officials and administrators to make diffi-
cult decisions, such as limiting land-use
changes and development, without viewing
the long-term consequences of such actions.

Price

Supply

Equilibrium Point

between Price & Supply

Demand

Quantity

Figure 3 — Finding the optimal solution?
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The concept is best stated by the following
ancient proverb:

“Treat the Earth well. It was not given to you by
your parents; it was loaned to you by your chil-
dren.” (indigenouspeople.net, 2006)
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