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It seems to be an increasing trend that many Wi8s @re shunning expensive filtration plants in
favor of lower expenses on watershed protectiobl€ra.2).

Table 9. 2. Selected U.S. cities that have avoidednstruction of filtration plants through
watershed protection .Adopted from Postel&Thompson, 2005.

Metropolitan area Population Avoided costs through watershed protection
(thousands)
New York City* 9,000 $1.5 billion spent on watershed protection over

10 years to avoid at least $6 billion in capital costs and
$300 million in annual operating costs.

Boston, Massachusetts® 2,300 $180 million (gross) avoided cost.

Seattle, Washington® 1,300 $150-200 million (gross) avoided cost.

Portland, Oregon* 825 $920,000 spent annually to protect watershed is avoiding a $200 million capital cost.

Portland, Maine* 160 $729,000 spent annually to protect watershed has avoided $25 million in capital
costs and $725,000 in operating costs.

Syracuse, New York® 150 $10 million watershed plan is avoiding $45-60 million in capital costs.

Auburn, Maine’ 23 $570,000 spent to acquire watershed land is avoiding $30 million capital cost and

$750,000 in annual operating costs.

Notes:
* The City is currently being required to construct a $687 million filtration plant for the more-developed Croton watershed, which supplies about 10% of
the city’s water. The filtration waiver applies to the Catskills/Delaware watershed, which supplies about 90% of the city’s water (NRC, 2000).

More water managers are acknowledging the costteféness, achievement of long-term goals and
co-benefits associated with the improvement of otexi ecosystem services, such as recreational
benefits, greater biodiversity and higher crop fisldl yields. In fact, there are many cases wheee th
protection has been established because of satbggavater supplies alone. For instance, the World
Bank loaned Indonesia $1.2 towards the establishofebumoa-Bone National Park. This loan was
granted due to the benefits the park had on iiggatrojects in the lowlands (Turner&Daily, 2008).
In Honduras, protection status was given to Lada ijational Park due to the benefits it provided;
namely, its cloud forests led to the generatiod®percent of their capital's water supply, forward

5 percent the cost of other alternatives (Postéh&mpson, 2005).

This chapter assesses to what extent these nandrabtructure solutions are implemented in
integrated water resources management.

9.2 Integrated Water Resources Management

The concept of Integrated Water Resources Managewss developed in response to the growing
recognition of the importance of a holistic apptoae water management—an approach where land
and water resources can be managed together. heddfy the Global Water Partnership, IWRM is
a “process that promotes the coordinated develograed management of water, land and related
resources in order to maximize the resultant ecaoand social welfare in an equitable manner
without compromising the sustainability of vitabsgstems.IWRM views water management at the
basin level. According to the IWRM principles watgrecognized as a finite, vulnerable resouree. It
nature prompts efforts of water conservation, waféciency measures and managing the demand
side of water resources. In IWRM water is also gaized as an economic good. Moreover, IWNRM
promotes a participatory approach involving us@fanners and policy makers at all levels, and
allocates a special role to women in water managéare the allocation of water resources.
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IWRM incorporates scientific and technical elementdo water management, as well as
“socioeconomic components (often referred to aemgbvernance and including such elements as
institutions, regulations, policy, public awarengsditical realities)” (WWAP, 2009).

IWRM strives to achieve economic efficiency in watese, equal access to water resources and
environmental and ecological sustainability. Ineardo accomplish these goals, the cross-sectoral
integration of the followinginter alia, is crucial: 1) a general framework consistingpaficies,
legislation, and information; 2) the institutiorrales and functions various administrative leveld a
stakeholders; and 3) management instruments foulatigg, monitoring, and enforcement for
decision-makers (Jgnch-Clausen, 2004). MoreoveRRMNstresses the importance of water for
maintaining ecosystem services.

9.3 IWRM in practice

Many countries of the world face serious challengesdizing IWRM in practice. The most recent
UN- Water survey assessing the status of implentientaf integrated approaches to water resources
management indicates that countries are significéethind the target set in the Johannesburg Hlan o
Implementation. It shows that 65 percent of 13#ayed countries have developed integrated water
resources management plans and only 34 percergatedan advanced stage of implementation
(UNEP, 2012). However, the survey also suggests tthea IWRM approach is “being seriously
pursued by governments in many countries” worldwldREP, 2012).

Water experts highlight a growing concern thatHaitgh considerable attention has been given to
human water needs for drinking water and sanitafmod production and industry, less attention has
been devoted to the ‘environmental and ecologigstiasnability’ element, the ultimate focus of which
is sustainable ecosystem services” (WWAP, 2009thEtmore, the authors argue that the neglect of
the essential components which provide ecosysteuices could put the entire water sub-sector at
risk. It is therefore easy to see the benefits ftdcvely managing ecosystems (improved human
health, well-being and economic stability to nanfewe). However, as seen in many cases, economic
development often overshadows environmental cosgefeaving them unincorporated and
inadequately addressed (WWAP, 2009).

Furthermore, it is well-documented that today’sevaesource management initiatives fail to take all
relevant ecosystem services into account. Thisitalgly leads to management efforts focusing on
selected services. To remedy this issue, IWRM rphaktnce all current ecosystem services as well as
consider future ecosystem services, by improvingofa such as ecosystem resilience (WWAP,
2009).

In fact, due to the undervaluation of ecosystenvises by most water managers, many of them
degrade over time. Additionally, mainstream wateanagement tends to focus on individual
concerns—including water pollution control, watapply and allocation and specific targeted water-
use sectors—instead of viewing them collectively\(P, 2009).

Managing ecosystem services by ensuring that emagshave sufficient water of adequate quality is
key to achieving water security and promoting hurhaalth and well-being. Natural infrastructure
solutions are increasingly being applied to effedti tackle water problems worldwide.

9.3.1 The level of attention to ecosystems in IWRM

Analyzing the incorporation of natural infrastrugsolutions in IWRM provides some interesting
insights into the question of environmental susthility in IWRM. The question of the extent of
incorporation of natural infrastructure solutioneevitably addresses the deeper question of how
ecosystem protection is viewed in practice anche@oty. Ecological sustainability is one of the key
objectives of IWRM. Indeed, IWMR proponents promdétéRM as an effective framework that is
able to ensure sustainability of water resources. UN-Water report on the status of implementation
of integrated approaches to water resources maragesnows that some countries identified positive
impacts of IWRM on the environment (UNEP, 2012)r Hwe past 20 years, the greatest positive
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environmental impacts from improved water resoumamagement have been recognized mainly by
countries with a high Human Development Index (HDT)he results of the survey indicate that on
average, these countries gave a rating of 4 (or{lan to 5 (high) scale) to these impacts. On the
other hand, 24 percent of countries with a low lgBVe the lowest possible rating, with none giving
the highest. However, countries across all measofddDl were able to recognize the positive
impacts of improved management, as well as decrgasates of ecosystem degradation and
improvements in environmental flow. Among all caigg, the most commonly recognized positive
impact is improved water quality. This often com&s a result of improved waste treatment,
especially in less developed countries such as BRaafinally, improvement in flood/drought
management and prevention has been acknowledgethby countries such as Cuba, Portugal and
Ghana, where changes which recognize climatehaam ibglemented on a national level.

While in theory IWRM holds much potential for ecgical sustainability and the enhancement of
ecosystem services, its critics state that in practhere is a limited or absent emphasis on etesy
protection. One striking example is the most re@mntual report of Global Water Partnership, the
organization responsible for the implementationWRM. In discussing its progress towards the
achievement of its goals, it rarely even mentionesgstem protection. To be precise, a simple
keyword search yields only one mentioning of biedsity and only nine repetitions of the word
‘ecosystem’. Moreover, the UN-Water 2012 surveyttonstatus of IWRM worldwide showed that 50
percent of the 134 responding countries rankednfatg¢he environment as medium to low priority,
with a small percentage ranking it as ‘not a probi€his is in line with Rahaman&Varis’'s (2005)
criticism of IWRM for the lack of focus on riverswration: “IWRM principles do not clearly focus
on or address the mechanism of river restorationiclwvis necessary for the sustainable water
resources management in areas that have undergonareo presently subjected to notable
modifications.”

Some water experts point out that the focus of IWRBMredominantly on water allocation and
pollution, not on ecosystem health (WWAP, 2009).t&Waxpert MogensDyhr-Nielsen provides a
vivid example of this focus using a case studyWwRM implementation in the Bang Pakong River
Basin (Thailand) (WWAP, 2009). Additionally, a la&rgumber of IWRM peer-reviewed articles and
case studies presented in GWP ToolBox concentmatimgiitutional reforms, the establishment of
networks, and the achievement of multi-stakeholgerticipation. Little emphasis is placed on
ecological aspects in IWRM.

There are also IWRM case studies that highlightgstem preservation; however, the main goal of
ecosystem protection in these cases is wildlifesepration, not the amelioration of water-related
ecosystem services. The Puerto Rico IWMR case ghelgw) vividly illustrates this point.

9.3.2 The level of attention to natural infrastriere solutions in IWRM

Overall, a literature review suggests that theme lanited examples of the utilization of natural
infrastructure solutions in IWRM worldwide. Not suisingly, natural infrastructure solutions prevail
in IWRM projects that are led by conservation oigations, such as the International Union for
Conservation of Nature, Nature Conservancyyorld Wildlife Fund.

Case study 1: IWRM in Canada

Some countries are more proactive in their appinadf natural infrastructure solutions. Canada is
one of them. There are many examples of IWRM it of watersheds that list ecosystem
protection among their IWRM goals. In fact, ecosysiprotection was indicated as one of the IWRM
goals for 14 out of the 35 examined watersheds lwhigplement IWRM (Roy, Oborne&Venema,

2009). For example, IWRM-related goals in Saskateme are directed towards “understanding
source water quality risks, and maximizing watedsipeotection through natural purification and
other means to minimize contamination potential’oyR Oborne&Venema, 2009).0One of the
impressive examples is the use of natural infratiire in order to tackle the eutrophication problem
in Lake Winnipeg. It was proposed that reeds (wliioth known to be very efficient in phosphorus
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accumulation) should be harvested and processelthent the obtained phosphorus be used for
agricultural purposes and the reeds themselvdsid@sel production.

Case study 2: San Jeronimo Basin, Baja Verapaz, Gtemala (Oliva, 2008).

The San Jeronimo River Basin is located in a mdéamgion surrounded by lavish tropical forest,
blessed with rich biodiversity and water resourddee picturesque landscape and rich biodiversity
hold great opportunities for the development of-teoism. However, there are several growing
environmental concerns in the region, includingodestation, improper waste water treatment, and
the overuse of water resources in the basin. Thase all led to serious water problems, both in
terms of quality (pollution of ground water/surfasater) and quantity. It has been recognized that
water is a critical resource, and that the pregienvaof forests is crucial to ensure its qualitydan
availability.

IWRM actions. The San Jeronimo Basin Committee was establisheddure the sustainable use of
the water resources in the basin. The Committeelshel common discussion forum for the
representatives of all main water users, and addsesssues such as irrigation, aquaculture,
hydroelectricity, tourism, domestic users, etc. #iddally, it fosters coordination and negotiation
among all the stakeholders. In particular, the cittemdirects water management actions to preserve
water resources and ecosystems in the river b#dsis, making sure that the systems are properly
maintained and that the water quality and qualsitgls can improve.

Results. The establishment of the committee strengthenesl ¢hordination among all the
stakeholders, and improved joint efforts to pronmistainable water use, thus helping to preseeve th
basin. The Association of Users of Irrigation ohS&ronimo consists of 800 users and is responsible
for the reforestation of 30 hectares at the hefaBi@rra de las Minas, which has been designated as
Biosphere Reserve. The committee’s activities hasilted in an increased acceptance of social
responsibilities by organizations, and have thdgdepositive results in water conservation. Tlasec
study illustrates the specific goals of water aoolsgstem conservation applied to resolve wateegssu
in the basin; however, water infrastructure sohsgie-besides the conservation of basin resources
themselves—pertain only to reforestation activjtiisancially supported by the Payments for
Ecosystem services. There are no specific bemaéitgioned.

Case study 3: Lake Rotorua, New Zealan@Roy,Oborne&Venema, 2009).

Intensive agricultural activities and the resultimgtrient discharges have contributed to the
eutrophication of Lake Rotorua. To tackle this é&ssearious measures have been proposed, including
natural infrastructure solutions, such as vegegdtfiter strips, constructed wetlands, and harunesti
aquatic plants from farm streams and water courses.

9.4 Improving the mainstreaming natural infrastructure in IWRM

What is essential to realize is that viewing ecteys as necessary infrastructure for water pravisio
and regulation puts ecosystem protection in a pesiight, not as a separate, often conflictingiéss
with water problems; it re-frames them as a solut@mwater problems. Measures which concentrate
on the improvement of soil, forests, and wetlandstews natural infrastructure—have been shown
to effectively tackle the root problem of waterses. Enhancing ecosystem integrity and health is
imperative for resolving water issues. In summary:

* There are very limited examples of managing ecesyst(natural infrastructure together
with/without built infrastructure) to achieve wateranagement goals. This may imply that
currently, in the practical application of IWRM, amystems are not viewed as part of the
solution to water problems, and are rather viewsed eonstraint to development.

* IWRM has been criticized for its insufficient coage of environmental aspects, and for
being primarily focused on water allocation andyga@n, not on ecosystem health.

* IWRM's focus is on managing the demand of wateoueses; however, it is not widely
recognized that by applying natural infrastructaodutions, one can increase water supply
and manage the supply side
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What are the key obstacles to the wider applicatbnatural infrastructure solutions? One of the
major issues is the lack of awareness and undeistanf the complexity of the water cycle and its
dependence on biodiversity—a fact which underpissgstem services. It is generally recognized
that water is essential for the proper functionaigecosystems. However, rarely are explicit links
made between healthy ecosystems and the mainteabweger quantity and quality.

Coates and Smith (2012) explain that one major aohstto the wider application of natural
infrastructure solutions in IWRM is that ecosysteans viewed as problems, not as assets to tackle
water issues. The authors point out that the toawit approach to water management addresses water
problems using engineered solutions, and regards @fivironment as an inevitable cost of
development. Benefits produced by ecosystems arsidmred, but not incorporated into management
options. This results in negative impacts on edesys and the ecosystems being “perceived in
conflict with human needs”. Therefore, they propaseew paradigm (Figure 9.1), where ecosystems
(natural infrastructure) are managed together wethouilt infrastructure. Maintaining or even
improving ecosystem health and resilience safegutive provision of quality water of a sufficient
guantity as well as other ecosystem services, dnfuflood attenuation, soil erosion reduction, and
the control of sedimentation. This in turn reduti®s costs associated with built infrastructure and
reduces the risks associated with climate change.

Old approaches

Water management
- water use and bullt q Water management goals

Infrastructure

l Impacts

Ecosystems/
blodlversity
(unfortunate but a
necessary 'cost’; In reality

Increases risks )

New paradigm

Water management Management goals
— Water for direct
/ Ll human use
Ecosystems/ Ecosystems /
blodiversity —} services Other ecosystems
- and bulit infrastructure (reduced risk) \ services
sustains
underpinned
by water

Figure 9.1: Changing paradigms for water managementAdopted from WWAP, 2012.

The authors describe a three step approach to #eosynanagement: 1) setting water management
goals for direct human use (i.e. improving watealiy or the provision of sufficient amounts of
drinking water); 2) examining how these can be ewdi by enhancing/maintaining ecosystem
services; and 3) considering all the ecosystemicaEgvimpacted by the decision, in particular,
evaluating the co-benefits provided by ecosystemd ‘@xamining trade-offs between them to
determine desirable courses of action”.

Taking full account of environmental assets mighatdhallenging considering high priority issues
such as critical water shortages, water pollutiod aanitation problems. However, it is critical to
understand that “user interests coincide with theirenmental issues provides clear benefits as
opposed to acting as constraints”. Therefore, enumental assets and the potential trade-offs with
other management options should be consideree duethinning of the IWRM planning process.
Many water experts have identified that there liack of global environmental data (WWAP, 2012),
such as data on “the condition and extent of wdHan an important gap considering their
hydrological functions”, monitoring data of nutrtertycling, data on sediment transfer and
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depositions, and finally data on water quality (WWR/A2012). Attempts to make relevant connections
between biodiversity, ecosystems and people areowig, but they need to be scaled up even
further. Another potential constraint to the adoptdf ecosystem solutions is that they “offer less
opportunity for corruption” (WWAP, 2012).

What facilitates the incorporation of natural irsftraicture solutions? Significant progress in the
implementation of natural infrastructure solutions IWRM can be achieved by applying
ecohydrological concepts and methodology.

9.5 Ecohydrology

There is a growing interest in the use of natunfdastructure solutions around the world. A sub-
discipline of hydrology, ecohydrology, was develdgde provide sound science to water managers
and decision-makers in response to the shortconohgngineering solutions, which don’t account
for ecological processes. The primary goal of watemagement based on ecohydrology is “the
enhancement of a catchment resilience leading fravements in water resources (quality and
guantity) and ecosystem status (biodiversity arabgstem health) while meeting the needs of water
users” (Wagneet al., 2009). Ecohydrology develops solutions to speaeifater issues by combining
knowledge of ecological processes and hydrologmakcesses. Growing interest in the field is
concerned with providing more cost-efficient, decalized solutions based on natural systems that
perform diverse services such as water purificatimuirient recycling, carbon sequestration, etc.
Ecohydrology in general requires knowledge of #ragoral/spatial patterns of catchment-scale water
dynamics, determined by the four fundamental coreptm climate, geomorphology, plant
cover/biota dynamics and anthropogenic modificatioAn ecohydrological approach to water
management aims not only at reducing and elimigativater contaminants, but also at the
“amelioration of the effectiveness of potential Ifoto manage the dynamics of excess nutrients,
pollutants, mineral and organic matter in the l@age”. This can be done by reducing human impact
and regulating the aquatic and terrestrial biotéhm catchment. Ecohydrological solutions include
(Wagneret al.,2009):

* Increasing watershed water retention through refati®n

» Enhancing in-stream retention of water sedimentsrautrients through river re-naturalisation

and wetland restoration,

* Amplification of biogeochemical cycles such as ti&gation through wetland inundation
Water quality maintenance can be significantly pedliby applying measures that are based on biotic
processes, which can facilitate self-purificationwater bodies. Ecohydrology Centres have been
established under the auspices of UNESCO in Indan&shiopia and Poland. There are numerous
projects in the world demonstrating the effectiemand economic feasibility of ecohydrological
solutions together or without built infrastructi@utions. Two of them are the Pilica River (Poland
and Lake Naivasha Basin demonstration projectsldped within the framework of the International
Hydrology Programme of UNESCO.
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The Pilica River Project
The Sulejow Reservoir in the Pilica River basin wasstructed to supply water for the city of Lodz,
a popular destination for people pursuing recreafti@activities (Wagneet al., 2009). This project
demonstrates appropriate methodology for the imetaation of ecohydrological approaches into
IWRM. It consists of four steps:
1) Monitoring threats
2) Assessing cause-effect relationships
3) Developing ecohydrological methods
4) Developing system solutions.
Sixty four percent of the catchment is used foicagural purposes (Wagnet al., 2009). First, in
the monitoring phase, appearance, intensity argfatial dynamics, and the risks to society were
examined. The water issues identified at the PRoa&er were three-fold: water contamination with
dioxin-like pollutants, the risk of eutrophicatioand sedimentation. Sources of pollution included
stormwater runoff from the town (which had an imént treatment plant) and runoff from the
agricultural fields. To reverse the siltation of tlake and reduce the contamination of the lakemyvat
researchers developed and applied ecohydrologitstians. The methods used to manage toxic algal
blooms were focused on reducing pollution loads itite reservoir and controlling the levels of
cyanobacteria within the reservaoir.
The proposed ecohydrological solutions included:
» Diversion of the highest pollutant load into flodaip areas for nutrient retention through
sedimentation and assimilation in the vegetatiafidw patches)
* Hydro biomanipulation —regulating water level reithgcjuvenile fish density- to remove the
predation pressure on the zooplankton consumirggalg
» Optimization of denitrification process through uéging the water retention time
Lake Naivasha Basin Project
In the last two decades, Lake Naivasha has witdeasealmost utter destruction of its ecosystem
services. The destruction of the second-largest lakKenya is attributable to the introduction of
various alien species and to the effects of thddubtural industry. The resulting increase in seelnt
and nutrient inputs has led to many negative caresees, including biodiversity loss and habitat
degradation. In response to this problem, there lmeen calls for considering it on a basin, rather
than lake, level, as well as changing the mind$gbroblem solvers from “water” to the “water
cycle”. Thus, Ecohydrology was suggested as a lpesstmedy to resolve these needs, with the first
step being the recreation of a papyrus buffer zmoand the lake’s shoreline.

9.6 Payments for Ecosystem Services

Importantly, the adoption of economic mechanisnghsas payment for ecosystem services, can
greatly contribute to the financial sustainabildf ecosystem protection measures. Such financial
support can stem from combining the goods and aes\jointly produced by the watershed. These
efforts allow for a greater degree of watershedgmation than hydrological services alone. They
additionally allow for new financing opportunitiefor ecosystem services which may be
complementary to the natural water supply/purifaratpurposes by watersheds. These include soil
conservation, sedimentation control, fisheries gmbon, carbon sequestration, biodiversity
conservation, recreation, tourism, and cultural aadthetic enhancements. For example, Ecuador’s
National Biodiversity Policy encourages benefi@arto pay for a variety of environmental services,
including the provision of water, on public andvate lands (Postel & Thompson, 2005).

9.7 Recommendations

Natural infrastructure solutions, along with bunifrastructure options, should be incorporated into
cost/benefit valuation analyses, especially whecomes to considering projects such as dams,
storage, irrigation, and drainage. Recommendafiananproving current levels of consideration for
environmental aspects in IWRM might include:
* Considering environmental water issues early in MVRblanning and focusing on
environmental water issues, not only institutionsnstruments (UNEP, 2005)



Report of the expert group on the role of biodiitglin sustaining the water cycle Pagel350f 179

» Making a cause-effect assessment of key envirorahgmtority issues related to the
appropriate approach in the specific context (UNER5)

» Strengthening of multi-stakeholder national IWRMwerks and partnerships with focus on
awareness-raising and advocacy on environmentetesm IWRM

» Defining environmental aspects in national IWRM:
-assessing ecosystem value with scarce information
-major environmental water issues

* Viewing water resources as more than just rivechdisge and water quality, especially when
it comes to rain-fed agriculture (this would hakgortant implications for food security and
poverty alleviation). Many assets of ecosystems mmeely accounted for. Wetlands
ecosystems also provide goods and services imadbcrops, fish, timber which are vital for
the poor.

* Providing politically convincing and tangible exade® of ecosystem development and
poverty alleviation potential in ecosystem goodd services

* Generating self-sustainable funding for ecosystesteption such as payments for ecosystem
services .

The Global Water Partnership IWRM toolbox might eehanced by include ecohydrological
solutions and support measures strengthened byapirggn collaborative learning processes among
different stakeholders. For the CBD, there are dppities to promote reporting on natural
infrastructure solutions, including with regards WWRM, in national reports, as well as further
collaboration with the GWP and other partners fdoiimation sharing, establishment of common
goals and further mainstreaming of natural infracttire solutions.

Natural infrastructure solutions are not a silvelldi for all water problems: their effectivenessies
depending on constrains of the natural environnantwell as social, economical and political
context. Proponents of the approach need to b&ainthmind, as well as the overall difficulties in
implementing IWRM, so as not to promise more tham loe realistically delivered.
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