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It seems to be an increasing trend that many U.S. cities are shunning expensive filtration plants in 
favor of lower expenses on watershed protection (Table 9.2).  
 
 
Table 9. 2. Selected U.S. cities that have avoided construction of filtration plants through 
watershed protection . Adopted from Postel&Thompson, 2005. 

 
 
More water managers are acknowledging the cost-effectiveness, achievement of long-term goals and 
co-benefits associated with the improvement of various ecosystem services, such as recreational 
benefits, greater biodiversity and higher crop and fish yields. In fact, there are many cases where the 
protection has been established because of safeguarding water supplies alone. For instance, the World 
Bank loaned Indonesia $1.2 towards the establishment of Dumoa-Bone National Park. This loan was 
granted due to the benefits the park had on irrigation projects in the lowlands (Turner&Daily,  2008). 
In Honduras, protection status was given to La Tigra National Park due to the benefits it provided; 
namely, its cloud forests led to the generation of 40 percent of their capital’s water supply, for around 
5 percent the cost of other alternatives (Postel & Thompson, 2005). 
 
This chapter assesses to what extent these natural infrastructure solutions are implemented in 
integrated water resources management.  

9.2 Integrated Water Resources Management 

The concept of Integrated Water Resources Management was developed in response to the growing 
recognition of the importance of a holistic approach to water management—an approach where land 
and water resources can be managed together. As defined by the Global Water Partnership, IWRM is 
a “process that promotes the coordinated development and management of water, land and related 
resources in order to maximize the resultant economic and social welfare in an equitable manner 
without compromising the sustainability of vital ecosystems.” IWRM views water management at the 
basin level. According to the IWRM principles water is recognized as a finite, vulnerable resource. Its 
nature prompts efforts of water conservation, water efficiency measures and managing the demand 
side of water resources. In IWRM water is also recognized as an economic good.  Moreover, IWRM 
promotes a participatory approach involving users, planners and policy makers at all levels, and 
allocates a special role to women in water management and the allocation of water resources. 
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IWRM incorporates scientific and technical elements into water management, as well as 
“socioeconomic components (often referred to as water governance and including such elements as 
institutions, regulations, policy, public awareness, political realities)” (WWAP, 2009). 
IWRM strives to achieve economic efficiency in water use, equal access to water resources and 
environmental and ecological sustainability. In order to accomplish these goals, the cross-sectoral 
integration of the following, inter alia, is crucial: 1) a general framework consisting of policies, 
legislation, and information; 2) the institutional roles and functions various administrative levels and 
stakeholders; and 3) management instruments for regulating, monitoring, and enforcement for 
decision-makers (Jønch-Clausen, 2004). Moreover, IWRM stresses the importance of water for 
maintaining ecosystem services. 

9.3  IWRM in practice 

Many countries of the world face serious challenges realizing IWRM in practice.  The most recent 
UN- Water survey assessing the status of implementation of integrated approaches to water resources 
management indicates that countries are significantly behind the target set in the Johannesburg Plan of 
Implementation.  It shows that 65 percent of 134 surveyed countries have developed integrated water 
resources management plans and only 34 percent indicate an advanced stage of implementation 
(UNEP, 2012). However, the survey also suggests that the IWRM approach is “being seriously 
pursued by governments in many countries” worldwide (UNEP, 2012). 
 
Water experts highlight a growing concern that “although considerable attention has been given to 
human water needs for drinking water and sanitation, food production and industry, less attention has 
been devoted to the ‘environmental and ecological sustainability’ element, the ultimate focus of which 
is sustainable ecosystem services” (WWAP, 2009). Furthermore, the authors argue that the neglect of 
the essential components which provide ecosystem services could put the entire water sub-sector at 
risk. It is therefore easy to see the benefits of effectively managing ecosystems (improved human 
health, well-being and economic stability to name a few). However, as seen in many cases, economic 
development often overshadows environmental concerns, leaving them unincorporated and 
inadequately addressed (WWAP, 2009). 
 
Furthermore, it is well-documented that today’s water resource management initiatives fail to take all 
relevant ecosystem services into account. This inevitably leads to management efforts focusing on 
selected services. To remedy this issue, IWRM must balance all current ecosystem services as well as 
consider future ecosystem services, by improving factors such as ecosystem resilience (WWAP, 
2009). 
 
In fact, due to the undervaluation of ecosystem services by most water managers, many of them 
degrade over time. Additionally, mainstream water management tends to focus on individual 
concerns—including water pollution control, water supply and allocation and specific targeted water-
use sectors—instead of viewing them collectively (WWAP, 2009). 
 
Managing ecosystem services by ensuring that ecosystems have sufficient water of adequate quality is 
key to achieving water security and promoting human health and well-being. Natural infrastructure 
solutions are increasingly being applied to effectively tackle water problems worldwide. 

9.3.1 The level of attention to ecosystems in IWRM 

Analyzing the incorporation of natural infrastructure solutions in IWRM provides some interesting 
insights into the question of environmental sustainability in IWRM. The question of the extent of 
incorporation of natural infrastructure solutions inevitably addresses the deeper question of how 
ecosystem protection is viewed in practice and in theory. Ecological sustainability is one of the key 
objectives of IWRM. Indeed, IWMR proponents promote IWRM as an effective framework that is 
able to ensure sustainability of water resources. The UN-Water report on the status of implementation 
of integrated approaches to water resources management shows that some countries identified positive 
impacts of IWRM on the environment (UNEP, 2012). For the past 20 years, the greatest positive 
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environmental impacts from improved water resource management have been recognized mainly by 
countries with a high Human Development Index (HDI).  The results of the survey indicate that on 
average, these countries gave a rating of 4 (on a 1 (low) to 5 (high) scale) to these impacts. On the 
other hand, 24 percent of countries with a low HDI gave the lowest possible rating, with none giving 
the highest. However, countries across all measures of HDI were able to recognize the positive 
impacts of improved management, as well as decreasing rates of ecosystem degradation and 
improvements in environmental flow. Among all countries, the most commonly recognized positive 
impact is improved water quality. This often comes as a result of improved waste treatment, 
especially in less developed countries such as Rwanda. Finally, improvement in flood/drought 
management and prevention has been acknowledged by many countries such as Cuba, Portugal and 
Ghana, where changes which recognize climatehave been implemented on a national level. 
 
While in theory IWRM holds much potential for ecological sustainability and the enhancement of 
ecosystem services, its critics state that in practice, there is a limited or absent emphasis on ecosystem 
protection. One striking example is the most recent annual report of Global Water Partnership, the 
organization responsible for the implementation of IWRM. In discussing its progress towards the 
achievement of its goals, it rarely even mentions ecosystem protection. To be precise, a simple 
keyword search yields only one mentioning of biodiversity and only nine repetitions of the word 
‘ecosystem’. Moreover, the UN-Water 2012 survey on the status of IWRM worldwide showed that 50 
percent of the 134 responding countries ranked water for the environment as medium to low priority, 
with a small percentage ranking it as ‘not a problem.’This is in line with Rahaman&Varis’s (2005) 
criticism of IWRM for the lack of focus on river restoration: “IWRM principles do not clearly focus 
on or address the mechanism of river restoration, which is necessary for the sustainable water 
resources management in areas that have undergone or are presently subjected to notable 
modifications.” 
 
Some water experts point out that the focus of IWRM is predominantly on water allocation and 
pollution, not on ecosystem health (WWAP, 2009). Water expert MogensDyhr-Nielsen provides a 
vivid example of this focus using a case study of IWRM implementation in the Bang Pakong River 
Basin (Thailand) (WWAP, 2009). Additionally, a large number of IWRM peer-reviewed articles and 
case studies presented in GWP ToolBox concentrate on institutional reforms, the establishment of 
networks, and the achievement of multi-stakeholder participation. Little emphasis is placed on 
ecological aspects in IWRM. 
 
There are also IWRM case studies that highlight ecosystem preservation; however, the main goal of 
ecosystem protection in these cases is wildlife conservation, not the amelioration of water-related 
ecosystem services. The Puerto Rico IWMR case study (below) vividly illustrates this point.  

9.3.2  The level of attention to natural infrastructure solutions in IWRM 

Overall, a literature review suggests that there are limited examples of the utilization of natural 
infrastructure solutions in IWRM worldwide. Not surprisingly, natural infrastructure solutions prevail 
in IWRM projects that are led by conservation organizations, such as the International Union for 
Conservation of Nature, Nature Conservancy, or World Wildlife Fund . 
 
Case study 1: IWRM in Canada 
Some countries are more proactive in their application of natural infrastructure solutions. Canada is 
one of them. There are many examples of IWRM initiatives of watersheds that list ecosystem 
protection among their IWRM goals. In fact, ecosystem protection was indicated as one of the IWRM 
goals for 14 out of the 35 examined watersheds which implement IWRM (Roy, Oborne&Venema, 
2009). For example, IWRM-related goals in Saskatchewan are directed towards “understanding 
source water quality risks, and maximizing watershed protection through natural purification and 
other means to minimize contamination potential” (Roy, Oborne&Venema, 2009).One of the 
impressive examples is the use of natural infrastructure in order to tackle the eutrophication problem 
in Lake Winnipeg. It was proposed that reeds (which are known to be very efficient in phosphorus 
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accumulation) should be harvested and processed, and that the obtained phosphorus be used for 
agricultural purposes and the reeds themselves for biofuel production. 
 
Case study 2: San Jeronimo Basin, Baja Verapaz, Guatemala (Oliva, 2008). 
The San Jeronimo River Basin is located in a mountain region surrounded by lavish tropical forest, 
blessed with rich biodiversity and water resources. The picturesque landscape and rich biodiversity 
hold great opportunities for the development of eco-tourism. However, there are several growing 
environmental concerns in the region, including deforestation, improper waste water treatment, and 
the overuse of water resources in the basin. These have all led to serious water problems, both in 
terms of quality (pollution of ground water/surface water) and quantity. It has been recognized that 
water is a critical resource, and that the preservation of forests is crucial to ensure its quality and 
availability. 
 
IWRM actions. The San Jeronimo Basin Committee was established to ensure the sustainable use of 
the water resources in the basin. The Committee holds a common discussion forum for the 
representatives of all main water users, and addresses issues such as irrigation, aquaculture, 
hydroelectricity, tourism, domestic users, etc. Additionally, it fosters coordination and negotiation 
among all the stakeholders. In particular, the committee directs water management actions to preserve 
water resources and ecosystems in the river basin, thus making sure that the systems are properly 
maintained and that the water quality and quantity levels can improve. 
 
Results. The establishment of the committee strengthened the coordination among all the 
stakeholders, and improved joint efforts to promote sustainable water use, thus helping to preserve the 
basin. The Association of Users of Irrigation of San Jeronimo consists of 800 users and is responsible 
for the reforestation of 30 hectares at the heart of Sierra de las Minas, which has been designated as a 
Biosphere Reserve. The committee’s activities have resulted in an increased acceptance of social 
responsibilities by organizations, and have thus led to positive results in water conservation. This case 
study illustrates the specific goals of water and ecosystem conservation applied to resolve water issues 
in the basin; however, water infrastructure solutions—besides the conservation of basin resources 
themselves—pertain only to reforestation activities, financially supported by the Payments for 
Ecosystem services. There are no specific benefits mentioned. 
 
Case study 3: Lake Rotorua, New Zealand (Roy,Oborne&Venema, 2009). 
Intensive agricultural activities and the resulting nutrient discharges have contributed to the 
eutrophication of Lake Rotorua. To tackle this issue, various measures have been proposed, including 
natural infrastructure solutions, such as vegetative filter strips, constructed wetlands, and harvesting 
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 ecosystems as necessary infrastructure for water provision 
and regulation puts ecosystem protection in a positive light, not as a separate, often conflicting issue 
with water problems; it re-frames them as a solution to water problems. Measures which concentrate 
on the improvement of soil, forests, and wetlands—water’s natural infrastructure—have been shown 
to effectively tackle the root problem of water crises. Enhancing ecosystem integrity and health is 
imperative for resolving water issues.  In summary: 

• There are very limited examples of managing ecosystems (natural infrastructure together 
with/without built infrastructure) to achieve water management goals. This may imply that 
currently, in the practical application of IWRM, ecosystems are not viewed as part of the 
solution to water problems, and are rather viewed as a constraint to development. 

• IWRM has been criticized for its insufficient coverage of environmental aspects, and for 
being primarily focused on water allocation and pollution, not on ecosystem health. 

• IWRM’s focus is on managing the demand of water resources; however, it is not widely 
recognized that by applying natural infrastructure solutions, one can increase water supply 
and manage the supply side 
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What are the key obstacles to the wider application of natural infrastructure solutions? One of the 
major issues is the lack of awareness and understanding of the complexity of the water cycle and its 
dependence on biodiversity—a fact which underpins ecosystem services. It is generally recognized 
that water is essential for the proper functioning of ecosystems. However, rarely are explicit links 
made between healthy ecosystems and the maintenance of water quantity and quality.  
Coates and Smith (2012) explain that one major obstacle to the wider application of natural 
infrastructure solutions in IWRM is that ecosystems are viewed as problems, not as assets to tackle 
water issues. The authors point out that the traditional approach to water management addresses water 
problems using engineered solutions, and regards the environment as an inevitable cost of 
development. Benefits produced by ecosystems are considered, but not incorporated into management 
options. This results in negative impacts on ecosystems and the ecosystems being “perceived in 
conflict with human needs”. Therefore, they propose a new paradigm (Figure 9.1), where ecosystems 
(natural infrastructure) are managed together with a built infrastructure. Maintaining or even 
improving ecosystem health and resilience safeguards the provision of quality water of a sufficient 
quantity as well as other ecosystem services, including flood attenuation, soil erosion reduction, and 
the control of sedimentation. This in turn reduces the costs associated with built infrastructure and 
reduces the risks associated with climate change.  
 

 
Figure 9.1: Changing paradigms for water management. Adopted from WWAP, 2012. 
 
The authors describe a three step approach to ecosystem management: 1) setting water management 
goals for direct human use (i.e. improving water quality or the provision of sufficient amounts of 
drinking water); 2) examining how these can be achieved by enhancing/maintaining ecosystem 
services; and 3) considering all the ecosystem services impacted by the decision, in particular, 
evaluating the co-benefits provided by ecosystems and “examining trade-offs between them to 
determine desirable courses of action”.  
 
Taking full account of environmental assets might be challenging considering high priority issues 
such as critical water shortages, water pollution and sanitation problems. However, it is critical to 
understand that “user interests coincide with the environmental issues provides clear benefits as 
opposed to acting as constraints”. Therefore, environmental assets and the potential trade-offs with 
other management options should be considered at the beginning of the IWRM planning process. 
Many water experts have identified that there is a lack of global environmental data (WWAP, 2012), 
such as data on “the condition and extent of wetlands - an important gap considering their 
hydrological functions”, monitoring data of nutrient cycling, data on sediment transfer and 
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depositions, and finally data on water quality (WWAP, 2012). Attempts to make relevant connections 
between biodiversity, ecosystems and people are improving, but they need to be scaled up even 
further. Another potential constraint to the adoption of ecosystem solutions is that they “offer less 
opportunity for corruption” (WWAP, 2012).  
What facilitates the incorporation of natural infrastructure solutions? Significant progress in the 
implementation of natural infrastructure solutions in IWRM can be achieved by applying 
ecohydrological concepts and methodology.  

9.5  Ecohydrology 

There is a growing interest in the use of natural infrastructure solutions around the world. A sub-
discipline of hydrology, ecohydrology, was developed to provide sound science to water managers 
and decision-makers in response to the shortcomings of engineering solutions, which don’t account 
for ecological processes. The primary goal of water management based on ecohydrology is “the 
enhancement of a catchment resilience leading to improvements in water resources (quality and 
quantity) and ecosystem status (biodiversity and ecosystem health) while meeting the needs of water 
users” (Wagner et al., 2009). Ecohydrology develops solutions to specific water issues by combining 
knowledge of ecological processes and hydrological processes. Growing interest in the field is 
concerned with providing more cost-efficient, decentralized solutions based on natural systems that 
perform diverse services such as water purification, nutrient recycling, carbon sequestration, etc. 
Ecohydrology in general requires knowledge of the temporal/spatial patterns of catchment-scale water 
dynamics, determined by the four fundamental components: climate, geomorphology, plant 
cover/biota dynamics and anthropogenic modifications. An ecohydrological approach to water 
management aims not only at reducing and eliminating water contaminants, but also at the 
“amelioration of the effectiveness of potential tools to manage the dynamics of excess nutrients, 
pollutants, mineral and organic matter in the landscape”. This can be done by reducing human impact 
and regulating the aquatic and terrestrial biota in the catchment. Ecohydrological solutions include 
(Wagner et al., 2009): 

• Increasing watershed water retention through reforestation 
• Enhancing in-stream retention of water sediments and nutrients through river re-naturalisation 

and wetland restoration, 
• Amplification of biogeochemical cycles such as denitrification through wetland inundation  

Water quality maintenance can be significantly reduced by applying measures that are based on biotic 
processes, which can facilitate self-purification in water bodies. Ecohydrology Centres have been 
established under the auspices of UNESCO in Indonesia, Ethiopia and Poland. There are numerous 
projects in the world demonstrating the effectiveness and economic feasibility of ecohydrological 
solutions together or without built infrastructure solutions. Two of them are the Pilica River (Poland) 
and Lake Naivasha Basin demonstration projects, developed 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 was constructed to supply water for the city of Lodz, 
a popular destination for people pursuing recreational activities (Wagner et al., 2009). This project 
demonstrates appropriate methodology for the implementation 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 for agricultural purposes (Wagner et al., 2009). First, in 
the monitoring phase, appearance, intensity and/or spatial dynamics, and the risks to society were 
examined. The water issues identified at the Pilica River were three-fold: water contamination with 
dioxin-like pollutants, the risk of eutrophication, and sedimentation. Sources of pollution included 
stormwater runoff from the town (which had an inefficient treatment plant) and runoff from the 
agricultural fields. To reverse the siltation of the lake and reduce the contamination of the lake water, 
researchers developed and applied ecohydrological solutions. The methods used to manage toxic algal 
blooms were focused on reducing pollution loads into the reservoir and controlling the levels of 
cyanobacteria within the reservoir.  
The proposed ecohydrological solutions included:  

• Diversion of the highest pollutant load into floodplain areas for nutrient retention through 
sedimentation and assimilation in the vegetation (willow patches) 

• Hydro biomanipulation –regulating water level reducing juvenile fish density- to remove the 
predation pressure on the zooplankton consuming algae 

• Optimization of denitrification process through regulating the water retention time                      
Lake Naivasha Basin Project 
In the last two decades, Lake Naivasha has witnessed an almost utter destruction of its ecosystem 
services. The destruction of the second-largest lake in Kenya is attributable to the introduction of 
various alien species and to the effects of the horticultural industry. The resulting increase in sediment 
and nutrient inputs has led to many negative consequences, including biodiversity loss and habitat 
degradation. In response to this problem, there have been calls for considering it on a basin, rather 
than lake, level, as well as changing the mindset of problem solvers from “water” to the “water 
cycle”. Thus, Ecohydrology was suggested as a possible remedy to resolve these needs, with the first 
step being the recreation of a papyrus buffer zone around the lake’s shoreline. 

9.6  Payments for Ecosystem Services 

Importantly, the adoption of economic mechanisms, such as payment for ecosystem services, can 
greatly contribute to the financial sustainability of ecosystem protection measures. Such financial 
support can stem from combining the goods and services jointly produced by the watershed. These 
efforts allow for a greater degree of watershed preservation than hydrological services alone. They 
additionally allow for new financing opportunities for ecosystem services which may be 
complementary to the natural water supply/purification purposes by watersheds. These include soil 
conservation, sedimentation control, fisheries protection, carbon sequestration, biodiversity 
conservation, recreation, tourism, and cultural and aesthetic enhancements. For example, Ecuador’s 
National Biodiversity Policy encourages beneficiaries to pay for a variety of environmental services, 
including the provision of water, on public and private lands (Postel & Thompson, 2005).  

9.7 Recommendations 

Natural infrastructure solutions, along with built infrastructure options, should be incorporated into 
cost/benefit valuation analyses, especially when it comes to considering projects such as dams, 
storage, irrigation, and drainage. Recommendations for improving current levels of consideration for 
environmental aspects in IWRM might include: 

• Considering environmental water issues early in IWRM planning and focusing on 
environmental water issues,  not only institutions or instruments (UNEP, 2005) 
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• Making a cause-effect assessment of key environmental priority issues related to the 
appropriate approach in the specific context (UNEP, 2005) 

• Strengthening of multi-stakeholder national IWRM networks and partnerships with focus on 
awareness-raising and advocacy on environmental aspects in IWRM  

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

• Viewing water resources as more than just river discharge and water quality, especially when 
it comes to rain-fed agriculture (this would have important implications for food security and 
poverty alleviation). Many assets of ecosystems are rarely accounted for. Wetlands 
ecosystems also provide goods and services in a form of crops, fish, timber which are vital for 
the poor. 

• Providing politically convincing and tangible examples of ecosystem development and 
poverty alleviation potential in ecosystem goods and services 

• Generating self-sustainable funding for ecosystem protection such as payments for ecosystem 
services . 

 
The Global Water Partnership  IWRM toolbox might be enhanced by include ecohydrological  
solutions and support measures strengthened by promoting  collaborative learning processes among 
different stakeholders. For the CBD, there are opportunities to promote reporting  on natural 
infrastructure solutions, including with regards to IWRM, in national reports, as well as further 
collaboration with the GWP and other partners for information sharing, establishment of common 
goals and further mainstreaming of natural infrastructure solutions.  
 
Natural infrastructure solutions are not a silver bullet for all water problems: their effectiveness varies 
depending on constrains of the natural environment as well as social, economical and political 
context. Proponents of the approach need to bear this in mind, as well as the overall difficulties in 
implementing IWRM, so as not to promise more than can be realistically delivered.  
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