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IN A NUTSHELL

— Intermittent rivers and ephemeral streams (IRES) contribute multiple ecosystem services (ES) that are not as widely
recognized or appreciated compared with those of perennially flowing waters.

— Different ES are provided by IRES at different stages of their flow regime although the inherent uncertainty of, for
example, flow may influence the way people value such services.

— Also undervalued is the spatial arrangement of ES provision by a river network that comprises perennial and IRES; the
suite of ES in a region is probably more relevant than those provided by individual IRES alone.

— Economic valuation should consider the use and nonuse values of different IRES and during different flow phases.

— Strategies to enhance society’s appreciation of the ES provided by IRES should translate into improved legislative
protection, including restoration of IRES and their ES.

5.2.1 INTRODUCTION

Ecosystem services (ES) are the benefits that people obtain that are directly attributable to the eco-
logical functioning of ecosystems (de Groot et al., 2002). Considering ecosystems from this perspec-
tive helps practitioners understand human relationships with nature, set management priorities, and
formulate environmental policies (Carpenter et al., 2009; Daily et al., 2009; Seidl, 2014). There are
many ways of classifying ES (Box 5.2.1), such as the classification by the Millennium Ecosystem
Assessment (MEA, 2005a) that recognizes four broad types of ES: provisioning, regulating, support-
ing, and cultural services. Although this classification has several serious drawbacks (Box 5.2.1), it
has been widely used for the last decade and distinguishes the direct and indirect links of ES that sub-
sequently affect their valuation. For example, provisioning services have direct links to human needs




for nutrition, shelter, or safety and are relatively easy to quantify economically (Costanza et al., 2014),
whereas regulating and supporting services usually have more complex links with human needs and
are less easy to quantify and value. Although most cultural services are readily linked to human values
and are often used to raise public support for protecting ecosystems (Gobster et al., 2007; Daniel et al.,
2012), many of these ES cannot be readily quantified in monetary terms. Nonetheless, there is growing
demand for their explicit incorporation into ecosystem management and environmental policy agendas
(Carpenter et al., 2009; Mace, 2014).

The current paradigm underpinning ecosystem management aims at ensuring sustainable provision
of ES to society while maintaining the integrity, ecological function, and biodiversity of natural and,
increasingly, novel ecosystems (Hohbs et al., 2014; Mace, 2014). This paradigm has evolved through
several conceptual developments over the past two decades. After the importance of ES for sustain-
ing human well-being was initially articulated and started to become popular (Daily, 1997), the next
major conceptual development was the classification of ES into groups (e.g., MEA, 2005a; reviewed in
Box 5.2.1). These classifications helped practitioners organize the diversity of different ES and com-
municate their relationships to resource managers, politicians, and the general public. This heralded the
next conceptual development which entailed economic evaluations of each ES using various systematic
approaches. One example is The Economics of Ecosystems and Biodiversity (TEEB, 2010) that ex-
tended the seminal work by Costanza et al. (1997) to value the economic significance of different ES by
quantifying their monetary value in different ecosystems. The latest conceptual development has been



the integration of ecological understanding and economic valuation of ES into a unified perspective
that is rapidly gaining importance at local, regional, and global policy levels. Recent initiatives include
the establishment of the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem
Services (IPBES) and the incorporation of ES in the 2020 targets set by the 10th Conference of Parties
to the Convention on Biological Diversity (Carpenter et al., 2009; Larigauderie and Mooney, 2010;
Matzdorf and Meyer, 2014).

In aquatic ecosystems, these conceptual developments of the ES paradigm have been evident in
the increased focus on ES in strategies for management and conservation over the last two decades
(Green et al. 2015; Boulton et al., 2016). All rivers and streams provide multiple ES, ranging from the
supply of water for household, agricultural, and industrial uses through to the mitigation of flood and
drought damage, and the provision of esthetic and recreational values (Brauman et al., 2007; Palmer
et al., 2009). However, research on the provision and valuation of ES has focused almost solely on
perennial rivers and streams; in stark contrast, ES and their values in intermittent rivers and ephemeral
streams (hereafter, IRES) have been largely overlooked (Boulton, 2014). This oversight is surprising
considering the prevalence of IRES on Earth (Chapter 1) and the physical, functional, and biological
links between IRES and perennial waterways (Acufa et al., 2014; Dahm et al., 2015). Moreover, the
global distribution of IRES is expanding owing to drying climates and increasing human demands
for fresh water, and many once-perennial rivers are now intermittent (Larned et al., 2010; Gleick and
Palaniappan, 2010; Jaeger et al., 2014). Such changes in flow regimes are likely to alter the provision
of ES at local and landscape scales, especially when the biodiversity and ecosystem processes that un-
derpin various ES are altered by increased frequency and duration of intermittence (e.g., Chapters 3.2,
4.3, and 4.10).

In the first part of this chapter, we explore the types of ES likely to be provided by IRES and how
these ES might differ over time when conditions fluctuate between flowing and nonflowing phases, in-
cluding loss of surface water. The second part of this chapter deals with different techniques to evaluate
ES in IRES based on monetary and nonmonetary values. This valuation step is a crucial part of the ES
paradigm (Haines-Young and Potschin, 2010). However, deciding which technique to use is challeng-
ing because all valuation techniques are social constructs and their “currency” is entirely dictated by
human value systems and social attitudes (Larson et al., 2013; Sukhdev et al., 2014). Ignorance of the
values of ES provided by IRES may be largely responsible for the widespread environmental degrada-
tion of these ecosystems (Boulton, 2014), and we urge systematic efforts to evaluate the ES of IRES
globally. Our chapter concludes with speculation about the potential benefits of considering IRES
within the framework of the current ES paradigm and how this perspective might guide wiser manage-
ment and conservation of these undervalued ecosystems.

5.2.2 WHAT ECOSYSTEM SERVICES ARE PROVIDED BY IRES?

Although the concept of valuing natural ecosystems for their ES has been well established for over two
decades (e.g., Costanza et al., 1997; Daily, 1997), there does not appear to have ever been a concerted
effort to explicitly list and assess all of the ES of IRES as there has been for perennial streams and riv-
ers. Indeed, despite considerable published research on ES, especially during the last decade, it seems
that the application of the ES paradigm to IRES has been largely overlooked. For example, a litera-
ture search (Web of Science, October 15, 2015) on the topic words “ecosystem service* AND river*”



yielded over 2000 titles whereas a search on “ecosystem service* AND intermittent river®™” yielded
only 16 titles. A closer look at these 16 publications indicates that most references to ES are tangential
and none of these publications includes an attempt to list the ES of IRES or compare them with those
in perennial rivers and streams.

In addition to societal ignorance leading to undervaluation of IRES (Section 5.2.4), there are other
probable reasons why a list of ES explicitly for IRES has not yet been attempted. First, identifying and
allocating ES is complicated by major inconsistencies in how different ES have been defined in the
literature (see review in Nahlik et al., 2012). Although the four broad ES posited in the highly influen-
tial MEA (2005a) report are heuristically relevant, there is still no accepted approach for consistently
identifying individual goods and services across studies of different ecosystems (Landers and Nahlik,
2013; La Notte et al., 2015). This lack of unification currently confounds the use of a universal and
complete “checklist” of well-defined specific ES to apply to IRES. Instead, different countries have
adopted different classifications (e.g., the UK National Ecosystem Assessment (UK NEA, 2011); the
Final Ecosystem Goods and Services Classification System (Landers and Nahlik, 2013) in the United
States; the Spanish National Ecosystem Assessment (SNEA, 2014)). Second, even where specific ES
can be identified, establishing clear linkages between ecosystem functions and human well-being re-
mains elusive (Ringold et al., 2013) because of our incomplete understanding of the mechanisms and
processes that provide ES in many natural ecosystems. This is especially true in IRES where consid-
erable uncertainty surrounds the influence of flow intermittence on many of the ecosystem processes
that underpin ES (e.g., Chapters 3.2, 4.9, and 4.10). In addition, there is limited understanding of the
interactions among these processes before and after flow ceases in IRES which further confounds as-
sessment of the linkages between ecosystem functions and the provision of different ES at different
stages of the flow regime.

Given these problems, we have adopted a very conservative approach to list the likely ES of IRES
provided at different phases of their flow regime. This conservative approach acknowledges the many
knowledge gaps about IRES ecosystem processes that currently hamper unequivocal allocation of ES
and avoids the detailed subdivision of individual ES evident in other approaches (e.g., Landers and
Nahlick, 2013). Therefore, despite its limitations (Box 5.2.1), we adopted the MEA’s (2005a) heuristic
classification of provisioning, regulating, supporting, and cultural services to categorize the ES pro-
vided by or derived from “wetlands.” The MEA report defined wetlands in their broadest sense accord-
ing to the Ramsar Convention on Wetlands which includes all perennial and nonperennial flowing and
nonflowing waters. For the analyses in this chapter, we used the list tabulated in MEA (2005b) because
this report focuses specifically on aquatic ES. The MEA (2005b) list omits some ES (e.g., transporta-
tion, use in mining) and suffers the broader constraints associated with the MEA (2005a) classifica-
tion (Box 5.2.1). However, the list has the major advantages that (1) it covers the primary ES, (2) is a
peer-reviewed and widely accepted table, and (3) was developed by an international team of respected
scientists explicitly for application to wetlands defined in the broadest sense to include IRES.

To encompass the influence of flow intermittence and surface drying in IRES, we extended the
MEA’s (2005b) table of ES to identify which services continue to be provided when flow ceases
and when surface water disappears, including some hypotheses about how different ES are altered
and whether additional ES might result (Table 5.2.1). Our table provides the basis for exploring the
landscape-level provision of ES that result from the “spatial mosaic” of flowing, nonflowing (pool),
and surface-dry channels typical of IRES at different stages of the flow regime and of linked perennial-
intermittent river networks and their adjacent riparian zones, floodplains, and alluvial groundwaters.



Table 5.2.1 ES provided by or derived from IRES

Provision according to flow phase

Ecosystem service Examples Flowing Pools Dry

Provisioning

Fresh water Surface water for + + (but may be water | Lost (or relies on
domestic, industrial, quality issues) access to subsurface
and agricultural use water)

Food Production of fish, + 4 Reduced or altered
wild game, fruits, (some vegetation
and grains may derive water

from groundwater)

Fiber and fuel Production of logs, * 4 Reduced or altered
fuelwood, peat, and (some vegetation
fodder may derive water

. from groundwater)

Biochemical Extraction of + (if available in Altered (may
medicines and other lentic biota) be derived from
materials from biota | terrestrial biota)

Genetic materials

Genes for resistance
to plant pathogens,
ornamental species,
etc.

+ (if available in
lentic biota)

Lost (unless from
biota that can use
groundwater)

Regulating

Climate regulation

Water regulation
(hydrological flows)

Water purification
and waste treatment

Erosion regulation

Source of and sink
for greenhouse
gases; influence
local and regional
temperature,
precipitation, and
other climatic
processes
Groundwater
recharge/discharge

Retention, recovery,
and removal of
excess nutrients and
other pollutants

Retention of soils
and sediments

+ (flow pulses may
affect efflux of
greenhouse gases)

— (flow usually
removes soils and

sediments)

+ (sediment OM
important for
sequestering carbon)

Reduced
(groundwater
recharge may be
reduced through loss
of advection)
Reduced or altered
(loss of flow
removes physical
component of
nutrient removal)

Altered (heat
released or stored
by dry channel
may alter local air
temperatures and
humidity)

Lost (from surface
sources)

Reduced or altered
(loss of water alters
biogeochemical
processes, likely
reducing some
purification
processes)

+ (dry channel
may be sink for
sediments carried
by wind and other
erosion)

Continued



Table 5.2.1 ES provided by or derived from IRES—cont’d

Provision according to flow phase

Ecosystem service Examples Flowing Pools Dry
Natural hazard Flood control, storm | + + + (dry channel plays
regulation protection important role as
sink for floodwaters;
recharge for alluvial
aquifers)
Supporting
Soil formation Sediment retention — (flow usually + + (dry channel
and accumulation of | removes sediments may be a sink for
organic matter (OM) | and OM) sediments and OM,
especially as OM
decomposition is
slowed by drying
(Chapter 3.2))
Nutrient cycling Storage, recycling, + (flow promotes + Reduced or altered
processing, and nutrient spiraling; (nutrient processing
acquisition of flow pulses affect is slowed by
nutrients cycling and storage drying; storage and
(Chapter 3.2)) microbial uptake
altered in dry
sediments)
Cultural
Spiritual and Many religions + + Reduced or altered
inspirational attach spiritual and (values associated

Recreational

Esthetic

Educational

religious values to
aspects of wetlands;
source of inspiration

Opportunities

for recreational
activities

Many people find
beauty or esthetic
value in aspects of
wetland ecosystems
(ecotourism)

Opportunities for
formal and informal
education and
training

+ (water-sports,
fishing, etc.)

+ (water-sports,
fishing, etc.)

with water are lost
but replaced by
values associated
with dry channels
and gorges)

Altered (walking,
riding, etc., in dry
channel)

Reduced (most
people prefer
channels containing
water; however, dry
gorges also attract
tourists)

+ (dry channels as
“terra incognita”)

The ES, arranged according to the four broad categories proposed by MEA (2005a), are ones listed by MEA (2005b) as provided by
or derived from wetlands. For many of them, their provision (+=provided; — =absent) varies with flow phase at the surface (defined
as “flowing,” “pools,” and “dry”). Specific examples are discussed further in the text.




Assessments of ES must be considered from a broad perspective that explicitly acknowledges spatial
variation in hydrological connectivity (Chapter 2.3) within individual IRES as well as across multiple
river networks, both perennial and nonperennial.

Provisioning services from surface waters are typically lost or reduced by drying in IRES
(Table 5.2.1) although alluvial water may be pumped from shallow aquifers below and along the chan-
nel. Obviously, where surface water is directly required for an ES, the service is lost when the IRES
dries. However, because water quality often deteriorates when flow ceases (Chapter 3.1), some pro-
visioning services are reduced during the nonflowing pool phase as well, even though surface water
remains. It is likely that this collective loss or diminution of provisioning services underpins the soci-
etal undervaluation of IRES (Section 5.2.4) because the provisioning ES, particularly fresh water for
domestic, agricultural, and industrial uses, are the most obvious ones to the public. This differential
public valuation of provisioning services over regulating and supporting ES is also true for perennial
streams and rivers (e.g., Gutiérrez and Alonso, 2013). Variations in hydrological phases not only alter
the ecosystem processes that give rise to ES, but they can also change the accessibility to the goods
derived from provisioning services. For example, in IRES, sediment extraction (Chapter 5.1) is easiest
when flow has ceased and surface water is absent but flow is required to replenish mined stores via
sedimentation and other geomorphological processes (Chapter 2.1).

Regulating services are lost, altered, or promoted by drying (Table 5.2.1). Recharge of shallow allu-
vial groundwater ceases when surface water disappears. However, the dry channel has an enhanced ca-
pacity to act as a sink for floodwaters (Fig. 5.2.1a and b) and sediments, helping to regulate the effects
of erosion and natural hazards such as flooding. The pulsed flows characteristic of most IRES result in
wide variation in some of the regulating ES provided during different flow phases. A promising area for
future research on ES in IRES would be to assess how pulsed flow and intermittence affect the dynam-
ics of greenhouse gases associated with aspects of local and global climate change. It is likely that the
alternating redox conditions and other biogeochemical changes wrought by flow pulses (Chapter 3.1)
mediate other crucial ES beyond climate regulation and the supporting service of nutrient cycling.

Provision of many supporting and cultural services also varies according to flow phase. Most are
promoted during the flowing and pool phases but reduced or altered during dry phases (Table 5.2.1).
For example, nutrient spiraling occurs during the flowing phase but when flow ceases, the downstream
transport of nutrients in surface water ceases. When the channel dries, many of the physical and micro-
bially mediated processes involved in nutrient cycling cease or become much slower (Amalfitano et al.,
2008; Arce et al., 2014). Dry gorges of IRES are often major tourist attractions and the diverse other
cultural services provided by dry channels are becoming better documented (Steward et al., 2012).
When flowing, many IRES hold significant cultural values, especially in semiarid and arid regions
(e.g., for indigenous peoples in central and northern Australia, Finn and Jackson, 2011).

There are two important points to consider when comparing the ES of IRES with those of perennial
streams and rivers. The first is how the spatial arrangement of IRES and permanently flowing channels in
a river network interact to affect the provision of ES by the different systems. The provision of many ES,
especially those within the regulating and supporting categories (MEA, 2005a), is probably enhanced in
both types of systems when intermittent and perennial sections intergrade. This enhancement arises from
the diversity of different environmental conditions provided by the “spatial mosaic™ at the landscape and
catchment scale. For example, the ES of flood- and erosion-regulation (Table 5.2.1) are likely to be opti-
mized where perennial sections can feed into IRES whose dry channels serve to buffer erosive effects and
maximize bed surface area for recharge of shallow alluvial aquifers with excess floodwater (Chapter 2.3).



The spatial arrangement of linked intermittent and perennial stream reaches also favors the life
cycles of some biota. Juvenile coho salmon (Oncorhynchus kisutch) with access to an intermittent
tributary in an Oregon river grew faster in winter than fish restricted to the perennial channel, and this
tributary also harbored some of the highest densities of spawning salmon in November-December
(Wigington et al., 2006). The importance of the spatial arrangement of these linkages to the provi-
sion of different ES also extends to the adjacent riparian zone and underlying alluvial groundwater
of IRES. Currently, we have scant knowledge of how ES provision is governed by the spatial ar-
rangement, connectivity, and edge dynamics of “patches” of channels with flow durations ranging
from perennial to ephemeral, and this would be another promising area for future research. There is
increasing interest in developing catchment-scale restoration strategies in, for example, semiarid river
basins (Trabucchi et al., 2014) that recognize the spatial arrangement of river network components
when establishing approaches to enhance the delivery of ES at this scale and that prioritize patches
(e.g., subcatchments) for restoration according to their potential to deliver the optimum combination
of key ES for the entire basin.



This leads to the second important point to consider: ES do not operate in isolation but in suites
of “bundles” of co-occurring processes. These bundles of ES result in collective outcomes, requiring
the negotiation of trade-offs among the desired benefits for different stakeholders (Raudsepp-Hearne
et al., 2010). When comparing the provision of ES between perennial and IRES, it is more logical to
compare bundles of ES than to address them individually. This is especially true for management of so-
ciological ecosystems because optimizing one ES without affecting the provision of others is unlikely
and unrealistic (Seppelt et al., 2011; Berry et al., 2015). Palmer et al. (2014) provide a typical example
of this trade-off of ES bundles that occurs during restoration strategies targeting incised channels of
low-order perennial, intermittent or ephemeral stream reaches in urban areas. In an effort to maximize
the bundle of ES including the reduction of bank erosion and promotion of the retention of nutrients
and suspended sediments, the channel is converted into a stormwater management structure designed
to reduce peak flows and enhance hydraulic retention. Although this design modifies the hydrological
responses during some storm events and has potential to achieve the ES of sediment retention, there is
no consistent pattern of nitrogen retention or removal that would lead to net annual benefits (Palmer
et al., 2014).

Finally, flow regimes and ecological conditions have been so altered in various IRES in regions
such as California and the Iberian Peninsula (Arthington et al., 2014) that they now support novel
ecosystems. These novel ecosystems often harbor new combinations of species and, potentially, dif-
ferent ecological processes from those in natural IRES, with likely implications for the provision of
ES. Where alterations to flow regime, water quality, and biota are so severe that restoration back to
near-natural conditions is no longer feasible, there may be impairment or even loss of particular ES.
This must be assessed when undertaking the sorts of “reconciliation ecology” advocated by Moyle
(2014) for restoring ES in severely altered IRES. A promising future research direction is to ascertain
how the proliferation of novel ecosystems will influence provision of different ES in river networks,
including hybrid systems of naturally and artificially intermittent reaches. It is possible that these novel
ecosystems may have intermittent flow yet not provide the same sorts of ES as natural IRES because
of crucial differences in biodiversity or the ecosystem processes that underpin the provision of various
ES. Furthermore, the ES of novel ecosystems may differ from natural ecosystems in their monetary
and nonmonetary values.

5.2.3 VALUING THE ES OF IRES

Putting values on ES is a challenging and controversial exercise, and economists have often been criti-
cized for attempting to put a price tag on nature (Silvertown, 2015). However, agencies responsible
for managing or conserving natural resources must decide how to allocate scarce resources of money
and time (Boulton et al., 2016), often involving trade-offs as discussed earlier. As these are economic
decisions based either explicitly or implicitly on society’s values, some form of economic valuation is
needed to justify priorities and strategies for rational management and protection programs. Economic
valuation provides monetary measures of the value of ES relative to other goods and services on which
individuals spend their disposal income (Farber et al., 2006).

The economic value of benefits of ES can be classified into “use” and “nonuse” values (Pearce
et al., 2006). Use values are those that are derived from the actual direct (e.g., water provisioning) and
indirect use (e.g., fishing and bird-watching) of an ES. Nonuse values are those that do not actually



Table 5.2.2 Relationship between the MEA (2005a) categories of ES (Table 5.2.1) of IRES
and their use and nonuse economic values

Types of values
Category of Use values Nonuse values
ecosystem
service Direct Indirect Option Existence Bequest
Provisioning v v v
Regulating v v v
Supporting v v v
Cultural v Vv v v

Cultural services encompass existence value, reflecting the benefit that humans enjoy from knowing that a resource exists. Box 5.2.2
describes the different types of economic values. Ticks indicate the type of values that may relate to the four ES.

consume an ES (e.g., esthetic value), and can be classified into option, existence, and bequest values
(Table 5.2.2). Option value refers to the utility placed on maintaining or preserving a good, even if there
is no likelihood of using it in the future (Pearce et al., 2006). Existence values relate to the benefit that
individuals obtain from just knowing that an ecosystem and its ES exist. Finally, bequest values refer
to the utility that individuals attach to ensuring that future generations will also enjoy benefits from ES.

Economic benefits from ES do not come without cost. Maintaining the level of provision of such
services involves opportunity costs that concern the alternative uses of IRES. When policy options are
being assessed, both costs and benefits should be considered in a cost-benefit analysis (Currie et al.,
2009). Costs can be considered as “negative benefits.” From this perspective, lower levels of an ES are
seen as yielding lower economic benefits or imposing financial costs to society for maintaining higher
levels of that ES.

Table 5.2.2 shows how each ES relates to at least three different categories of economic values.
For example, although direct use values are only associated with provisioning and cultural services of
IRES, humans may place nonuse values (e.g., option and bequest values) on the same ES because these
benefits are also obtained. However, supporting ES are only linked to nonuse values because humans
do not actively consume such services. The same could be claimed for regulating services; however,
as these include flood and climate change regulation, indirect use values are also potentially relevant.
Option and bequest values can be attributed to all services provided by IRES because these ES repre-
sent potential demand for which full information might not currently be available. If these values were
better known and publicized, individuals might be more inclined to protect IRES in light of the wide
range of known and anticipated ES instead of causing irreversible changes through activities such as,
for example, mining (Chapter 5.1) to exploit a short-term and transient ES, an activity that is likely to
impair provision of many other ES in the future.

Economic value does not relate to the stock of ES that isavailable, but to increases or decreases in the
level of provisioning of ES that cause changes in the magnitude of socioeconomic benefits. Fluctuation
in the level of provided benefits will create variation in the value derived from ES. However, the total
value of environmental goods cannot only be attributed to ES, but also to capital made by humans
because, in some cases, environmental goods are the result of combining natural and manufactured
capital such as infrastructure (Bateman et al., 2011). Following this argument, although we can assign
economic values to various ES, it should not be regarded that if an ES ceases to exist, individual users’



utility decreases to zero (as might be the case when the flow of IRES decreases or stops). Such a belief
could lead to overstating the values of ES and cast doubt on the accuracy of economic assessment.
Therefore, before attempting to estimate the economic values of IRES, it is important to identify all
relevant ES. This is because the type and magnitude of use and nonuse values differ among different
IRES. For example, IRES far away from residential areas would be expected to generate lower direct
use values compared to those closer to where individuals reside, due to higher costs of directly using
the resources (e.g., water abstraction) when greater distances are involved for access to the ES. As IRES
are often more abundant in less populated areas (e.g., arid and semiarid zones, Ortega et al., 2013), it is
rational to assume that nonuse values are of high importance for such ecosystems. Although most indi-
viduals may live far away from IRES, they are still likely to attribute bequest and option values to them.

The identification of the relevant types of values helps to obtain robust results and defines the choice
of the most relevant economic valuation technique (Table 5.2.3). This is because not all economic valu-
ation techniques are able to elicit both use and nonuse values (Garrod and Willis 1999; Pearce et al.,
2006). On one hand, revealed preference techniques (RP), a family of techniques that utilize the rela-
tionship between individuals’ behavior and ES by using information taken from surrogate markets, can
only estimate the use values of a resource (e.g., estimates of the recreational value of IRES based on
the price of properties in the vicinity), but not the nonuse values attached to it. On the other hand, stated
preference techniques (SP) are able to elicit both use and nonuse values, obtained by giving question-
naires to a representative sample of stakeholders. For this reason, SP techniques such as contingent val-
uation and choice modeling are more appropriate to estimate the total economic value of IRES than RP.

Table 5.2.3 The three main families of economic valuation techniques, their main application
and notes on their relevance for valuing ES of IRES

Relevance for valuing
ES of IRES

Technique

Revealed preference (RP)
techniques (e.g., Bark-
Hodgins, 2005)

Stated preference (SP)
techniques (e.g., Koundouri
etal., 2014b)

Value transfer techniques
(e.g., Koundouri et al.,
2016)

Examples

Hedonic pricing
Travel cost

Contingent valuation
— Choice modeling
— Choice experiment
— Choice ranking

Unit transfer
Function transfer
Meta-analysis

Main application

Able to value changes in
the status of IRES that
have already taken place

Able to estimate changes
in the status of IRES
that have taken or
hypothetically could take
place

Can be used similarly

to any of the previously
mentioned. Initial studies
might involve either RP or
SP or both techniques

Market data are required.
These techniques are not
able to estimate the value
of supporting services
(e.g., soil formation,
nutrient cycling)

These are more costly and
time- and data-intensive
measures but are able to
monetize the benefits of
all ES of IRES due to their
survey format

These techniques are
easier to implement and
are able to value all ES

of IRES if these have
previously been valued for
other areas

Revealed preference techniques use market to value changes in IRES that have already occurred. On the other hand, stated
preference techniques are based on data from surveys and can be used for ex ante (hypothetical changes) and ex post assessments.
Value transfers can value both actual and hypothetical changes in IRES.




As IRES nonuse values are probably highly significant (discussed in detail later), successful plan-
ning of policies (Chapter 5.3) should be based on information about both use and nonuse values. One
implication of failing to do so could be that use values would be favored over nonuse values, leading
to inadequate economic valuation and, in worst-case scenarios, seriously compromising the future in-
tegrity of IRES and their capacity to provide other ES. Besides RP and SP techniques, value transfer
techniques are also commonly used (Table 5.2.3). These belong to a different family of techniques
that use results from earlier primary studies (either RP or SP) in other areas similar to the area under
investigation. To account for socioeconomic differences, several adjustments (e.g., income differences,
levels of prices, currency) are needed. Finally, other techniques exist, such as averting behavior based
on the use of market prices to estimate the cost of investments to prevent an unwanted environmental
change from occurring and replacement cost which is the estimated cost to replace an ES. Although
several examples of the last two techniques are provided later, this chapter mainly focuses on the first
three families of techniques: RP, SP, and value transfer techniques.

Aside from provisioning services, economic values associated with the other types of ES can be
monetized using a number of techniques. Fig. 5.2.2 presents the associations between different types of
values, ES and valuation techniques. Special attention is needed for valuing regulating and supporting

| TEV |
I
| Use values ‘ | Non-use values |
I I I |
| Direct | | Indirect | | Option | | Existence | | Bequest |
== I fr \
[ e s A N SN \
! | T er " S
I _ :’r"'//,’ \ /u.______‘_\ \\\ \\

e

._/
l Provisioning I | Regulating I Supporting

= Market prices « Averting behavior *  Averting behavior * Travel cost method
+ Choice experiment * Hedonic pricing » Choice experiment = Hedonic pricing
» Contingent valuation (|« Choice experiment * Contingent valuation *  Averting behavior
* Value transfer + Contingent valuation + Lab experiments *  Choice experiment
+ Lab experiments *  Value transfer « Contingent valuation
+  Value transfer * Lab experiments
= Value transfer

FIG. 5.2.2

Total economic value of ecosystems (TEV). The dashed lines denote the connections between the categories
of economic value and the four main types of ES proposed by MEA (2005a). Under each ES category, a box
presents examples of the many economic techniques that could be used to estimate economic value.




services. These types of ES are seldom adequately understood and, as a result, barely taken into ac-
count when policies are designed (Emerton et al., 2002). Generally, they are underestimated (\Wood
et al., 2010) and, as a consequence of this underestimation, other ES that depend on regulating and
supporting processes might be threatened.

Given variations in the current management practices and the natural variability in morphological,
chemical, and ecological status of IRES, economic valuation should be concerned with the impact of
these changes on human welfare due to changes in provision of ES (Pagiola et al., 2004). When the
ES of interest are related only to use values, RP techniques (such those mentioned earlier) are appro-
priate (Fig. 5.2.2). For example, Acufia et al. (2013) estimated the value of several ES in IRES using
information from actual markets. These authors used the market price of brown trout (Salmo trutta) for
estimating the value of the provision of fish and the mean market price of fishing permits was used to
infer the value of opportunities of recreation. Additionally, the cost of replacing ES with technology
(replacement cost technique) was used to estimate the benefits of water purification and the avoided
cost technique (based on the investment cost to avoid a negative impact) was used to calculate the value
of erosion control. Although several techniques were used, none of them was able to account for the
nonuse values associated with four streams in the Afiarbe reservoir in Spain. Further to the previously
mentioned array of techniques, there are integrated models such the INVEST model (an open-source
suite of tools used to map ES). These have been used to investigate the changes in the provision of ES
and subsequent changes in value and land uses (e.g., Nelson et al., 2009; Sanchez-Canales et al., 2012;
Bangash et al., 2013); however, in most applications, only use values are considered.

Hedonic pricing is an RP technique that has been used extensively. This technique enables the user
to trace the footprint of the value of ES by observing a surrogate market. For instance, in two areas
that have similar socioeconomic characteristics and differ only in the ES provided by the IRES, the
value attributed by individuals to higher provision of ES can be assessed by comparing the prices of the
properties in the two areas while keeping all other variables constant. Colby and Wishart (2002) used
this technique to estimate the value of the Tanque Verde Wash in northeast Tuscany, which relates to ES
associated with the scenic view, wildlife, and buffer from noise and pollution. House prices drop 0.45%
for each 1% increase in distance from Tanque Verde, illustrating the spatial patterns of values of these
ES. Another hedonic pricing study of ES in IRES (Bark-Hodgins, 2005) indicated that home-buyers
assigned a higher value to the parts of the river where water flowed perennially or intermittently than
ephemerally, due to the increased vegetation in the perennial and intermittent reaches. A final example
is presented in Box 5.2.2 outlining the techniques used to estimate the economic value of several ser-
vices provided by the Asopos river basin (Koundouri and Papandreou, 2014).

One key issue is the distinction between the total economic value of IRES that dry to pools and
those that dry completely (broadly, the distinction between “intermittent” and “ephemeral”, Chapter 1).
To the authors’ knowledge, there has not been a study that explicitly compares the economic values of
the ES of these two types of IRES. However, the existence of pools secures higher levels of certain ES
and their economic values than those present when the river is completely dry and some ES are even
lost (Table 5.2.1). It is logical to assume that when accounting for nonuse values, the economic value of
an IRES is higher during its pool phase than the dry phase, but further research is required on the eco-
nomic importance of nonuse values during the dry periods. Transitioning between wet and dry phases
may rejuvenate some ES that are less prevalent in perennial streams (e.g., some of the biogeochemi-
cal processes favored by wetting and drying, Chapter 3.2), and this has implications for the choice of
valuation techniques that might correspond to the values associated with the different phases of IRES.



If valuation techniques focus on provisioning services (e.g., fresh water) that are lost when the river
dries, then techniques heavily based on market data will give a different and potentially less accurate
perspective than SP that account for both use and nonuse values (Table 5.2.3). Despite this, the accu-
racy of SP has often been criticized due to their susceptibility to biases.

Finally, when the goods of various ES of IRES are traded in a market and thus their price is indica-
tive of their value, all valuation techniques can be used for the monetization of relevant benefits from
provisioning, regulating, and most cultural services (Koundouri et al., 2016; Table 5.2.4). Exceptions
may be the supporting services and some benefits accruing from cultural services. For the estimation of
generated economic value, RP should be avoided since the market fails to reveal the demand for such
services because they are provided for free by IRES and therefore people are unlikely to state how much
they would be willing to pay for them. Consequently, the price that would allow the internalization of



Table 5.2.4 Four types of ES (from MEA, 2005), their goods and benefits, and the nonmarket
techniques used to quantify their economic values

Nonmarket techniques for the

Ecosystem services Benefits (goods and services) quantification of economic values
Provisioning These ES are related to goods that are of direct Revealed preference

use for humans. Examples include water from Stated preference

an IRES that is used in agriculture as production Value transfer

input
Regulating These ES can be thought as benefits that control | Revealed preference

natural phenomena that help sustain or improve | stated preference

human life

Value transfer

Supporting These ES are vital for other ES, including ES in Stated preference
other ecosystems. For example, supporting ESin | v/ajue transfer
IRES can benefit riparian ecosystem services

Cultural These ES are nontangible goods that benefit Revealed preference
human well-being Stated preference
Value transfer

Three families of nonmarket techniques (Table 5.2.3) can be used to estimate the benefits of ES in IRES.

externalities cannot be determined. To tackle this problem, SP and value transfer techniques should be
used to avoid disregarding components of nonuse values. On the other hand, when the biggest share
of the total economic value of the ES is attributed to use values, RP might be the best alternative. This
argument is reinforced by the fact that the economic values of IRES are subject to great uncertainty
arising from both uncertainty related to the timing and size of the flows as well as uncertainty and bi-
ases embedded in SP techniques. These associations between the four groups of ES proposed by MEA
(2005a) and the families of economic valuation techniques are summarized in Table 5.2.4.

5.2.4 SOCIETAL PERCEPTIONS OF IRES

Societal decision-making and patterns of behavior are underpinned by perceptions (recognition and
awareness of a state) and attitudes (evaluations of an object or outcome) (Kaiser et al., 1999). As IRES
are readily identifiable parts of the landscape, it is reasonable to assume that most humans would
recognize these ecosystems, even when dry, if the channels are well defined. When the waterways are
flowing, people may not be aware that the waterways are IRES. However, as most IRES cease flow or
are dry for over half the time, perceptions of IRES in the landscape can be assumed to be the norm for
local landholders and most occasional visitors.

In contrast, attitudes toward IRES and their values are likely to be more diverse. Given the cryptic
nature of many of the ES provided by these systems (Section 5.2.2), it would be predicted that most
humans would undervalue IRES. This is especially true given the loss or reduction of provisioning
services such as fresh water and food from surface waters when IRES dry (Table 5.2.1). In some ar-
eas, there is even an aversion to IRES because they are perceived as dangerous. For example, in many
Mediterranean regions, the risk of flash-flooding within the channels and floodplains of ephemeral



streams in peri-urban areas is mapped (e.g., Camarasa-Belmonte et al., 2011), and this is likely to influ-
ence land values and occupation patterns.

Consequently, legislation and incentives for management, protection, and restoration of IRES
(Chapters 5.3-5.5) are strongly influenced by attitudes and, to a lesser degree, perceptions of these
types of waterways. Surprisingly, few studies have been done to quantify human attitudes about
IRES—a contrast to the rich literature on societal views on, for example, stream riparian buffer zones
(e.g., Ryan et al., 2003; Kenwick et al., 2009). The most comprehensive study of human attitudes to
IRES is by Armstrong et al. (2012) who interviewed landowners living along either perennial rivers
or IRES in a small Pennsylvanian catchment about how “important” the stream was to them, how of-
ten it flowed (“always,” “most of the time,” “sometimes,” “rarely”), together with other sociodemo-
graphic questions about age, education, length of ownership, and length of residence. Respondents
were typically postmiddle-aged (mean = 62 years old) and had owned their riparian property for an
average of 27 years. Those living along streams that flowed either always or most of the time rated
the stream as significantly more important to them compared with the ratings of importance given
by respondents living along IRES that flowed either “sometimes” or “rarely.” Further data analysis
indicated that the higher value given to perennial streams than IRES reflected a perception that water
quality was better in the permanently flowing waterways (Armstrong et al., 2012), implying that
land-owners’ value judgments were based on provisioning ES for fresh water as well as perhaps
cultural ES of recreation. The conclusions by Armstrong et al. (2012: p. 857) are blunt: “Landowner
perceptions and attitudes reveal a disproportionate lack of concern towards ephemeral or intermittent
streams.”

Another line of evidence that IRES are less valued than perennial waterways is reflected by
case studies of substantial demographic shifts when flow regimes have been changed. One exam-
ple is a case study from the Agua Limpa stream basin in the Jequitinhonha Valley of Minas Gerais,
Brazil (Nogueira de Andrade and Leite, 2013). Over the last 50 years, stream flow (particularly
base-flow during low rainfall periods) has declined associated with changes in land-use and man-
agement. Nogueira de Andrade and Leite (2013) claim that this increase in stream intermittence
has been responsible for an exodus of rural residents to other parts of the country, resulting in
marked socioeconomic changes in the region as rural percentages fell from 72% in the 1970s to
only 53% in 1991.

One of the implications of societal attitudes and perceptions of IRES being lower than those of
perennial waterways is the far greater possibility that channels of IRES will be used as convenient
dumping grounds for rubbish (Fig. 5.2.3) and subjected to other intentional pollution and physical
degradation (Chapter 5.1) less likely in the more-valued perennial waterways. A second implication is
that the development of legislative protection for IRES will lag behind that for perennial waters (Acufia
et al., 2014; Chapter 5.3). A third is the lower priority likely to be given to efforts to conserve or restore
IRES, even by local landowners. Until there is a wider understanding of the ES provided by IRES lead-
ing to a change in public attitudes to these ecosystems, society will continue to undervalue IRES and
our activities will continue to compromise many of the ES, especially the regulating and supporting
ones listed in Table 5.2.1. Interestingly, these attitudes and perceptions of IRES closely resemble those
reported from studies of perceived values of ES from terrestrial ecosystems in semiarid regions (e.g.,
Castro et al., 2014; Iniesta-Arandia et al., 2014). For example, in these terrestrial ecosystems, mainte-
nance of water flow was considered to be the most important ES in both sociocultural and economic
dimensions for all stakeholder
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5.2.5 CONCLUSIONS AND PROGNOSIS

During the flowing phase, IRES likely provide very similar ES to those found in perennial rivers. Many
of these provisioning, regulating, supporting, and cultural services persist when flow ceases and, in
some cases, when surface water dries in the channel. The main difference between these ecosystems is
that perennial rivers typically provide most of their ES at a more or less constant rate whereas in IRES,
the marked changes in the flow regime and water permanence result in variable rates and provision of
many ES. This variability and sometimes complete loss of ES, such as fresh surface water, as well as
the current lack of understanding of supporting and regulating services leads to society valuing IRES
less than nearby perennial rivers. Another reason why IRES are undervalued is that risk-averse indi-
viduals and management agencies perceive flash-flooding as being dangerous which impacts the land
uses of areas within and near such ecosystems.

Economic techniques such as RP and SP are able to elicit societal preferences and attitudes towards
IRES and to express the monetary value that individuals place on them. What is important is that
different techniques should be used for the economic valuation of different ES of IRES. One of our
main conclusions is that very few studies of ES and their values have been undertaken in IRES, cor-
roborating the perception that IRES have been given little attention despite their ubiquity (Chapter 1).
However, water scarcity caused by climate change and other stressors, such as overextraction of water
(Chapter 5.1), will probably increase the prevalence and relevance of such ecosystems and their consid-
eration by policy makers (Chapter 5.3). In particular, climate change gives rise to synergistic effects of
multiple stressors, especially during periods of water shortage (Navarro-Ortega et al., 2015), an issue
that is increasingly relevant in arid and semiarid areas. The significance of studying such poorly known



ecosystems lies in the fact that the exploitation of use values risks jeopardizing or even losing nonuse
values that could be relatively more important.

Faced with threats of water shortage through climate change and increasing human exploitation,
coupled with the widespread misperceptions about IRES, one role of science should be to address
such complex socioecological systems (Folke, 2006) and communicate results to relevant stakeholders
who benefit from use and nonuse values of the diverse ES provided by intact IRES. Additionally, there
should be more focus on the intangible benefits and ES of IRES, such as the existence value, because
these values potentially comprise the biggest share of the total economic value of environmental re-
sources (Johnston et al., 2003). Finally, scientific results should be integrated into policies in order to
design measures that can efficiently raise awareness of the ES and economic values of IRES and, at
the same time, create incentives for stakeholders to use these ecosystems in a more sustainable way.
Educational programs on IRES and their importance for human welfare could help improve individu-
als’ understanding and preferences in a way that protection of IRES could be better secured by targeted
legislation and legal frameworks (Chapter 5.3).
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