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ABSTRACT 

Mexico’s water issues are complicated by a heterogeneous distribution of water resources that is 

inverse to its distribution of socioeconomic resources. The Fundación Gonzalo Río Arronte is a 

Mexico City-based charitable foundation that would like to know the best practices in improving 

water supply and quality in Mexico. Possible water interventions were sorted into four 

categories: technology-based solutions, microfinance, community engagement and capacity-

building, and green infrastructure. Best practices in each of these four areas were summarized 

with literature reviews, case studies, and interviews with global NGOs. We report the following. 

Technology-based solutions should be integrated with education and advocacy programs to 

ensure the longevity of the project. The key to a successful, self-sustaining microfinance 

program is a high repayment rate. Community-based projects must create a feeling of ownership 

of the water project or resources through provision of training, meaningful local control of 

decisions, and building local human capital. Constructed wetlands can be a low-cost, low-

maintenance, decentralized option for local water quality treatment. Ecosystem restoration 

projects should have a consistent, scientific protocol of site selection to make these expensive 

projects cost-effective. 

Keywords: Green infrastructure, community-based environmental management, microfinance, 

water technology, water in Mexico, Fundación Gonzalo Río Arronte 
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EXECUTIVE SUMMARY:  

 

The Mexican Water Context 

Mexico’s water resources are not divided evenly across the country. The wet tropical 

states in the southeast have over eight times the renewable water resources per capita than the 

arid desert states in the northwest.  

 

Meanwhile, its socioeconomic resources are distributed in the opposite pattern. The vast 

majority of Mexico’s GDP is generated in the central and northern states. Almost half of citizens 

in the south are classified as “extremely poor.”  

 

Water infrastructure in many municipalities face challenges with leakage, consistency, 

and coverage. Citizens in these places rely on water trucks, bottled water, or untreated water 

sources. The lack of a safe and reliable municipal water supply is especially costly to 

marginalized communities such as the poor, rural, and indigenous populations. 

 

Mexico’s improvements in water quality, access, and sanitation have been among the 

largest in the world. The government is keenly aware of the challenges ahead. With knowledge 

of the most effective water interventions drawn from the research and NGO literature, the 

Foundation can maximize its impact on the complicated water issues in Mexico. 

 

Best Practices from the Literature 

Best Practices: Technology-based Solutions 

Rainwater harvesting systems is the most popular implemented technology-based 

solutions that are used by global NGOs and community-based organizations to promote 

community-level water access and quality. The system can significantly reduce time and 

resources devoted to water delivery for households and reduce the risks of water-related illness.  

 

The success of a rainwater harvesting system depends heavily on local water conditions 

and the technology used to initiate and collect the runoff. The storage and conservation 

component of the rainwater harvesting system is also essential to protect collected water from 

environmental contaminants. Other water filtration technologies should be applied as a 

complementary measure to ensure good quality of harvested water.  

 

Best Practices: Micro-financing 

Micro-financing is considered as an effective tool to provide financial aid to households 

with water stress. Traditionally, there are limited loans available for small-scale water 

infrastructure projects in the community levels. Especially for poor population, their time and 

money devoted to address their water needs can be more than five times than those in medium-

income households.  

 

With water and sanitation loans provided by local financial institutions, small 

households, especially those at the bottom of the pyramid, are able to have sufficient funding to 

install water pumps, taps, and toilets. More importantly, water and sanitation loans give the 

household the opportunity to use the investment wisely to address their specific water needs, 

which is also the biggest advantage of micro-financing strategy.  
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However, a big limitation is that micro-financing strategy has its own geographical, 

social, and economic limits. There has to be a market demand for water and sanitation loans in 

the region for such a financial product to exist. The success of micro-financing also relies heavily 

on the cost-effectiveness of the financial portfolio and a solid reputation of the financial 

institution.  

 

Best Practices: Community Engagement and Capacity-Building 

Community-based strategies can improve the effectiveness and sustainability of a water 

project. The common factor in successful community-based strategies is that they not only 

increase the community’s motivation to be stewards of their water resources, but also increase 

their expertise and ability to do so. However, the participation must be meaningful. The 

community should be given some real control over project decisions, for example by including 

community members in the project planning committee.  

 

Sustainable community projects also had leaders who were competent and 

knowledgeable about the water project. Sustainability was also improved by educating the 

general community about the importance of the water project. These suggest strategies of 

providing management and technical training for community leaders, and education about water 

quality and environmental issues to the general community.  

 

There is no “one size fits all” community strategy – each must be adapted to the local 

context. They should, for example, consider that there may be a history of ethnic tension in the 

community, or mistrust across socioeconomic classes.  

 

Providing training to the local community was particularly effective. Followup visits by 

the project developer that trained community members to maintain the water project themselves 

was more effective at preserving water quality and sustainability than visits by maintenance and 

repair technicians. Training the community to take care of their own water project also increases 

the sense of ownership and stewardship. 

 

Best Practices: Green Infrastructure 

Harnessing the power of natural systems to improve water quality and supply can be a 

sustainable solution with multiple benefits.  

 

At the small scale, constructed wetlands can provide a flexible, cost-effective, low-

maintenance, decentralized alternative to water treatment facilities. Many different designs exist, 

each with different strengths and weaknesses. All of them are generally very effective at 

digesting organic wastes and filtering solid particles. Depending on the design, they can be 

moderately effective at treating nitrogen, phosphorus, and metals.  

 

Ecosystem restoration projects are the most ambitious, expensive, and complicated of 

green infrastructure projects. Therefore, these projects must be chosen carefully. A consistent 

and rational protocol should be developed to evaluate potential projects. The protocol should 

consider the objective, the desired scale, tradeoffs between objectives, and the design strategy. 
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A more sophisticated project selection protocol can use geospatial modeling. This 

protocol will choose sites that drain the most water to the polluted water body, then predict 

which of those bring the most pollutants. Finally, it will estimate the project size necessary to 

achieve a desired ecosystem improvement. A computer-based protocol will ensure a rational, 

consistent, transparent, and cost-effective site selection process. 

 

Case Studies from Practitioners 

Case Study: WaterAid and their sustainable WASH program in Nicaragua.  

A marginalized community called Miskitu locates on the northern Carribean coast of 

Nicaragua, with limited water access. WaterAid established the Nicaragua WaterAid program 

that aims to support the sustainable WASH system in local communities. It installed over 100 

rainwater harvesting systems and reached over 7000 population within the two-year of the 

program.  

 

One of the most important lessons learnt from this case study is that the success of an in-

field technology-based project requires thorough background research on local economic, social, 

and water-related context prior to the project. This would help the organization to identify the 

most suitable technology interventions that would be most effectively solve local water needs.  

 

Another important lesson is the integration of technology-based solutions, government 

advocacy, community outreach, and education-based activities to ensure the sustainability of the 

project in local context. Government advocacy can provide a better regulatory and investment 

environment for water projects. Community outreach enhances the connection among villagers 

and help with the future maintenance of installed water technologies. Educational activities can 

raise public awareness of good sanitation and hygiene, promoting public acceptance for 

technology-based solutions and technologies.  

 

Case Study: Water.org and WaterCredit Initiative 

Water.org initiated the WaterCredit Initiative to provide small and affordable loans to 

poor, marginalized communities without access to clean drinking water, good sanitation, and 

hygiene. WaterCredit is featured for its pay-it-forward system. The first step is to conduct a 

market assessment to identify there is sufficient local demand for water and sanitation loans. 

Then, Water.org carefully partners with a creditable local financial institution to provide a 

portfolio of water and sanitation loans. Then the loan is distributed to individual families. The 

individual household spend the money to tackle their own water needs. After the loans are 

repaid, the same investment can be used to help another family in the region. 

 

Its pay-it-forward is the key to ensure the funding devoted in the program can offer help 

to the maximum number of households in a region. Additionally, WaterCredit aims at the poor 

population that are at the bottom of the pyramid, who cannot afford the installation of taps or 

toilets, thereby reaching help to the population that are mostly in need. Through global 

partnerships, Water.org attracts more funding for WaterCredit and enlarges the program's 

impacts across different geographical regions to the greatest extent.  
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Case Study: The New Water Culture in Spain 

For most of the 20th century, Spanish water policy had emphasized widespread 

construction of dams and irrigation canals, under control of a central water ministry. The 1993 

National Hydrological Plan was the first Plan to face significant resistance. Major non-profits 

such as WWF, Greenpeace, and CODA rallied small farmers, environmentalists, and citizens 

whose towns would be flooded by the dams. Their movement, soon called La Nueva Cultura del 

Agua, gained momentum and was eventually successful in defeating the Plan in the Spanish 

Parliament.  

 

The farmers, environmentalists, and citizens had been the biggest losers of Spanish water 

policy for decades. It was only when "policy entrepreneurs" like WWF and other big NGOs 

stepped in that the distributed discontent turned into a movement. These policy entrepreneurs 

have the resources, organizational capacity, and experience to nurture and lead movements. 

Science and economics research was also used to boost the legitimacy of policy 

recommendations. And although the movement gained strength, it had to take advantage of a 

political opportunity when the ruling party was vulnerable to make change. Finally, the 

deliberately designed cultural identity of La Nueva Cultura del Agua ensured everyone was 

coordinated in language, policy positions, and strategy. It also helped newcomers quickly learn 

the attitudes and philosophies of the movement. 

 

Case Study: Small-scale Watershed Restoration Project for Water Filtration 

 The Stream and Wetland Assessment Management Park (SWAMP) is a 7.9 acre 

ecological restoration project constructed over 4 years (2003-2007) with a budget of about $1.5 

million USD. The goal was water quality improvement in three stages: stream restoration, a 

stormwater retention pond, and six constructed wetlands. The SWAMP project removed 500 

metric tons of sediment per year, and reduced total nitrogen 64%, total phosphorus 28%, and 

fecal bacteria over 90%. 

 

The SWAMP project showed that smaller targeted restoration projects can be both 

effective and cost-effective. The 7.9 acre project filtered runoff from 1,400 nearby acres, a ratio 

of 1:177. The multi-stage project also achieved improved efficacy by layering the strengths of 

different designs in sequence. However, the project's successes would not have been known 

without scientific monitoring protocols written into the design. Another reason for its 

effectiveness was that the project site was scientifically studied and selected to maximize 

potential water quality impact: Sandy Creek was chosen because it received a large amount of 

runoff from nearby lands, and then delivered that polluted water to a drinking water reservoir.  
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1. Introduction 

1a. Statement of Purpose 

 This report aims to provide a comprehensive knowledge about the most urgent Water 

issues in Mexico and an examination on global “best practices” to solve water crisis. Four 

categories of solutions are covered including technology-based solutions, micro-financing, green 

infrastructure, and community outreach and capacity building. Literature review, case studies, 

and NGO interviews are our primary research methods. Our interview with NGOs have received 

the approval from Duke Ethic Review Board.  

1b. Our Clients 

The client of our research is Fundacion Gonzalo Rio-Arronte (FGRA), a Mexico-based 

non-governmental organization. Its overall mission is to promote the health and welfare of 

vulnerable and marginalized populations across Mexico1. Water issues are indelibly linked to 

this central mission of FGRA. To complement to their projects in public health, FGRA has an 

annual budget of $15 million to support projects that improve water conservation, quality, and 

access across the country.  

            Our client intends to develop a long-term organizational strategy that can guide its 

funding tactics, lead a series of changes, and enlarge its impacts on Mexico water-related public 

health and welfare. The specific goals include promoting water access, improving water quality, 

and strengthening water basin management. To serve this need, our task is identified as to review 

the literature and collect the successful stories of global environmental NGOs that have 

conducted their water-related projects and then provide our recommendations on the "best" water 

practices/solutions to our client. 

1c. The Mexican Water Context 

High Temporal and Spatial Variation in Water Resources 

Mexico is the world's 12th largest economy ($2.3 trillion GDP, PPP, 2016)2 and 10th most 

populous country (127 million)3. It is also home to the 7th largest city in the world, Mexico City 

(21.2 million people)4. Its climatic, geographic, and environmental conditions vary widely from 

wet tropical rainforests in the south to arid deserts in the north, from mountains to flat plains.5 

This results in significant heterogeneity in hydrologic resources. Precipitation varies significantly 

through the year: on average, 67% of the annual precipitation falls between June and September, 

and 83% between May and October. 6 Moreover, although the average annual precipitation 

between 1981 – 2010 was 945.7mm, there was significant variation in rainfall received through 

Mexico: on average during the same time period, Baja California received less than a quarter of 

that, while Chiapas and Tabasco received nearly two and a half times that (see figure 1). To draw 

this in further contrast, the arid northern part of Mexico (regions I, II, VI, and VII in figure 1) 

                                                 
1 FGRA. (2018). Homepage. Retrieved from Thttp://www.fgra.org.mx/ 
2 The World Bank Data Catalog, "GDP ranking, PPP based", The World Bank, 2017. 
3 The World Bank Data Catalog, "Population, total", The World Bank, 2017. 
4 The United Nations, "The World's Cities in 2016," the United Nations, 2016. 
5 US AID, “Climate Risk Profile: Mexico,” United States Agency for International Development, May 2017. 
6 Climate change Knowledge Portal, "Average Monthly Temperature and Rainfall for Mexico from 1901 – 2015," The World Bank Group, 2016. 
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make up about half of its landmass but receive only 13.4% of its annual precipitation. 

Meanwhile, the tropical southern areas (regions V, X, XI, and XII in figure 1) represent only a 

fifth of its landmass but 54% of its annual precipitation.7  

Figure 1. The annual precipitation distribution in Mexico. 

This temporal and spatial heterogeneity has important consequences for water resources 

available for human consumptive use. Define “renewable water resource” as the balance of water 

left over from precipitation, groundwater recharge, and imports after accounting for 

evapotranspiration and exports.8 It can be interpreted as the maximum amount of water available 

for use. While the national average of renewable water resources per capita per year was 3,736 

m3 in 2014, this average disguised a lot of differences. In the precipitation-rich southeast, the 

average renewable water resources per capita per year was 10,853 m3, while in the arid central 

and north regions the average was 1,604 m3.9 Jimenez-Cisneros created a water availability index 

that combines measures of quantity and quality, resulting in a measure of water that is available 

and fit for human consumption. The result is a familiar spatial pattern: central and northern 

Mexico faces shortages relative to the south and southeast.10 

                                                 
7 SEMARNAT, "Chapter 6. Water," Mexico's State of the Environment Report 2012 Edition, Secretaria de Medio Ambiente y Recursos 

Naturales, 2012. 
8 See e.g. Food and Agriculture Organization, “Concepts and Definitions,” United Nations, 
http://www.fao.org/docrep/005/y4473e/y4473e06.htm, or CONAGUA, “Statistics on Water in Mexico, 2015 edition,” Comision Nacional del 

Agua, Dec. 2015, p. 37.  
9 CONAGUA, “Statistics on Water in Mexico, 2015 edition,” Comision Nacional del Agua, Dec. 2015, p. 37. 
10 Blanca Jimenez-Cisneros, “Water availability index based on quality and quantity: its application in Mexico,” Wat. Sci. Tech. 34(12), 1996, 

p.165-172 

Source: SEMARNAT, "Chapter 6. Water," Mexico's State of the Environment Report 2012 Edition, Secretaria 

de Medio Ambiente y Recursos Naturales, 2012. 
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As a result, the central and northern regions of Mexico rely on groundwater to meet their 

user needs. More than a third of the entire country’s consumptive uses is sourced from 

groundwater11, and more than 6% of its energy is used for pumping out that groundwater.12 Of 

Mexico’s 653 aquifers, CONAGUA classified 106 of them as overdrafted, meaning withdrawals 

exceed recharge; almost all of these are in central and northern Mexico.13 In fact, up to 20% of 

Mexico’s water consumption may come from overdrafted aquifers.14  

The consequences are drastic. The water tables in these overdrafted aquifers have been 

dropping one to five meters each year.15 Decreasing water tables mean increasing the pumping 

costs, both in terms of money and energy. It also means a risk of saltwater intrusion, which 

renders groundwater unfit for irrigation and drinking. Saltwater intrusion has already been 

detected in 31 aquifers, again almost entirely in central and northern Mexico.16 Salinity is not the 

only groundwater quality problem: pollutants and pathogens from municipal waste and 

agricultural runoff endanger what is sometimes the majority (and sometimes the only) water 

source for many areas of Mexico.17 A final overlooked consequence of overdrafting is 

subsidence, a process in which the soil sinks into the spaces water used to occupy. In central 

Mexico, 17 major cities are sinking at the rate of 5-10 cm per year.18  

Climate change is expected to exacerbate Mexico’s water troubles. Average annual 

rainfall will decrease 3-5% (or even up to 11%)19, and the average number of consecutive dry 

days will increase from 3 to 5.5 days. Extreme precipitation events will become more 

unpredictable and severe, with droughts lasting longer and extreme rainfall events bringing more 

rain.20 Rising sea levels will make aquifers more vulnerable to saltwater intrusion, especially the 

lower their water tables.21 Of course an increase in mean surface temperatures will both increase 

evaporation and increase water demand.22 All these climate impacts on water resources will also 

have implications for water infrastructure (which will now have to build for more drastic floods 

and secure supplies for longer droughts) and hydroelectric plants (which may suffer capacity 

losses from lower reservoirs).23 

                                                 
11 National Research Council, Policy and Global Affairs, Science and Technology for Sustainability Program, “Sustainable management of 

groundwater in Mexico: Proceedings of a Workshop,” National Academies, April 2007, p. 19. 
12 Yacov Tsur et al, “Pricing Irrigation Water: Principles and Cases from Developing Countries,” Resources for the Future, 2004. 
13 CONAGUA, “Statistics on Water in Mexico, 2015 edition,” Comision Nacional del Agua, Dec. 2015, p. 58-61. 
14 National Research Council, Policy and Global Affairs, Science and Technology for Sustainability Program, “Sustainable management of 

groundwater in Mexico: Proceedings of a Workshop,” National Academies, April 2007, p. 1. 
15 Reuben et al, “Poverty and Social Impact Analysis of Groundwater Over-exploitation in Mexico,” The World Bank, Latin America and 

Caribbean Region, Feb. 2009, p. 4. 
16 CONAGUA, “Statistics on Water in Mexico, 2015 edition,” Comision Nacional del Agua, Dec. 2015, p. 58-61. 
17 National Research Council, Policy and Global Affairs, Science and Technology for Sustainability Program, “Sustainable management of 

groundwater in Mexico: Proceedings of a Workshop,” National Academies, April 2007, p. 1. 
18 Chaussard et al, “Land subsidence in central Mexico detected by ALOS inSAR time-series,” Remote Sensing of Environment 140(2014), p.94-
106. 
19 Elizabeth Deheza and Jorge Mora, “Climate change, migration & security: Best practice policy and operational options for Mexico,” Royal 

United Services Institute for Defence & Security Studies,  
20 US AID, “Climate Risk Profile: Mexico,” United States Agency for International Development, May 2017. 
21 Deng et al, “The integrated impacts of human activities and rising sea level on the saltwater intrusion in the east coast of the Yucatan Peninsula, 

Mexico,” Natural Hazards 85(2), Jan. 2017, p.1063-1088. 
22 Cromwell et al, “Implications of Climate Change for Urban Water Utilities,” Association of Metropolitan Water Agencies, Dec. 2007.  
23 US AID, “Climate Risk Profile: Mexico,” United States Agency for International Development, May 2017. 
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High Spatial Variation in Socioeconomic Resources 

Complicating the unequal spatial pattern of water resources is an unequal spatial pattern 

of socioeconomics. On an aggregate level, the water-poor central and northern regions represents 

87% of the country’s GDP, 75% of its industrial activity, and 92% of its irrigated acreage.24 

Meanwhile, GDP per capita is lower in the south compared to the central and northern parts of 

Mexico. (Exceptions are in the southeastern tip, which are tourism heavy economies.)25 The 

south is home to 95% of the bottom tenth of Mexican municipalities by human-development 

index; 47% of its rural citizens are classified as “extremely poor”, compared to 12% in the 

north.26 Of the 10 poorest municipalities (as measured by percentage of its population in poverty) 

nine out of the poorest ten were in the southernmost states of Chiapas and Oaxaca, and all nine 

had poverty rates above 96%.27 These two states are among the most rural in Mexico28, and yet 

are also among the most water-rich and water-secure.29  

 

 

 

 

 

 

 

 

 

 

 

 

 

The State of Mexico’s Water Infrastructure 

Mexico’s advanced economic standing is at odds with performance in universal 

sanitation and water provision. 2.8% of the urban population and 7.9% of the rural population 

                                                 
24 Reuben et al, “Poverty and Social Impact Analysis of Groundwater Over-exploitation in Mexico,” The World Bank, Latin America and 

Caribbean Region, Feb. 2009, p. 6. 
25 Gianfresco Viesti, “Regional Development Scan: Mexico,” Eurosocial: Programme for Social Cohesion in Latin America, March 2015. 
26 The Economist, “A tale of two Mexicos: North and South,” The Economist, April 24, 2008.  
27 CONEVAL, “Poverty at the 2010 Municipal Level,” Measuring Poverty 2008-2016, Consejo Nacional de Evaluacion de la Politica de 

Desarrollo Social, 2010. 
28 Gianfresco Viesti, “Regional Development Scan: Mexico,” Eurosocial: Programme for Social Cohesion in Latin America, March 2015, p. 13. 
29 CONAGUA, “Statistics on Water in Mexico, 2010 edition,” Comision Nacional del Agua, June 2010. 

Figure 2: A map showing the percentage of citizens classified as being in 

“extreme poverty” by municipality, using the 2010 census.  

Source: CONEVAL, “Poverty at the 2010 Municipal Level,” Measuring Poverty 2008-2016, Consejo Nacional 

de Evaluacion de la Politica de Desarrollo Social, 2010.  
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does not have access to improved drinking water sources. 30 As for access to improved sanitation 

facilities, 12% of the urban population and 26.5% of the rural population lacks access.31 In 2012, 

the raw numbers were 9 million people lacking drinking water coverage and 11 million people 

lacking sanitation coverage.32 The majority of each of these populations is, of course, in rural 

areas, where constructing the necessary infrastructure is not only expensive and difficult but not 

profitable. Therefore, the Mexican government has realized that local-scale water technologies, 

such as rainwater catchment systems, and community engagement will be necessary to close the 

gap.33  

Even in places where water infrastructure exists, significant amounts of potable water are 

often lost in leakage due to old pipes, lack of pressure control, and poor construction.34 Mexico 

City is infamous for losing up to 35% of its water through leakage35, which is not inconsistent 

with the leakage in other major Mexican cities.36 Water supply can also be inconsistent. An 

average of 2,000 smaller leaks a month are repaired in Mexico City,37 and 70% of the population 

has less than 12 hours of running water a day.38 In the city of Saltillo, in the northern part of the 

country, only 10% of the city had water every day, and leakage rates were over 50%.39  

As a result of this lack of consistent quality drinking water, many Mexicans rely on water 

sources that are not in-house pipes. This is especially true in rural areas, and most dire for 

indigenous communities.40 Even in major cities, it is not uncommon in times of water scarcity 

for less-wealthy neighborhoods to face water rationing first or to a greater degree.41  In these 

places, water delivery trucks often bring days’ worth of water to an open storage cistern shared 

by the household or community.42 Water delivery can sometimes come free from the 

government,43 but when it comes from private vendors, it costs far more than piped water would 

be – if it were consistent enough to be used.44 A large number of Mexicans also rely heavily on 

bottled water: Mexico leads the world in bottled water consumption per capita, at nearly 180 

liters per person a year. (Second place is Italy, at over 150 liters; the United States is 8th, at 

around 100 liters.)45  

                                                 
30 The World Bank, “Improved water source, (% of population with access),” The World Bank, 2017. 
31 The World Bank, “Improved sanitation facilities, (% of population with access),” The World Bank, 2017. 
32 SEMARNAT, “Progama Nacional Hidrico 2014-2018,” Secretaria de Medio Ambiente y Recursos Naturales, April 2014, p. 34. 
33 SEMARNAT, “Progama Nacional Hidrico 2014-2018,” Secretaria de Medio Ambiente y Recursos Naturales, April 2014, p. 35. 
34 SEMARNAT, “Progama Nacional Hidrico 2014-2018,” Secretaria de Medio Ambiente y Recursos Naturales, April 2014, p. 35. 
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The Future of Water in Mexico 

The current landscape of challenges notwithstanding, Mexico has made great strides in 

improving water quality, sanitation, and access. The percentage of the rural poor using improved 

drinking water rose from 41% in 1995 to 76% in 2012, among the biggest improvements in the 

region in that timespan.46 It is one of three countries in the world that more than halved the 

number of urban and rural citizens using unimproved drinking water sources and halved the 

number using unimproved sanitation facilities in that timespan.47 The National Water Plan 2014-

2018 identified several critical focus areas in modernizing the country’s approach to water, 

including cross-department cooperation, improved data and monitoring, better technology, a 

climate change adaptation strategy, and incorporating integrated water resources management.48 

The seriousness of the water context in Mexico is not lost on the government nor its people.  

To be sure, continuing this positive trend will not be easy. CONAGUA estimates that 

meeting its 2030 water goals of securing universal access to clean and secure water supplies will 

require over $60 billion (2011 USD) from all sectors of society.49 In the face of a problem of this 

scale, the Fundación Gonzalo Río Arronte would like to know how it can allocate its roughly $15 

million a year to best effect. Although relatively small in the face of the need, it is a large and 

generous sum of money that can accomplish permanent societal good by choosing the right 

projects to support.  

2. Approaching the Objective 

2a. Methods 

 We find that water interventions fall into roughly four categories: technology-based 

solutions, micro-financing, green infrastructure, and community engagement and capacity 

building. Our strategy was first to review the literature to find what researchers have evaluated 

and theorized to be the best practices. Then, we curated case studies in each of the four areas by 

interviews with global NGOs and analyses of past projects. 

2b. Definitions 

Defining Technology-Based Solutions 

Technology-based solutions are technological interventions that can help promote water 

access, improve water quality, and sanitation in the household or community levels. In some 

cases, it also includes WASH services as defined by WaterAid, which are clean water, sanitation 

and hygiene. Efficient technological interventions can be an effective solution to tackle local 

water stresses. Depending on the local water culture, climate and sanitation conditions, 

technological interventions can account for the specific needs for clean water, sanitation, and 

hygiene in household or community levels. For example, rainwater harvesting system can help 

                                                 
46 Joint Monitoring Programme for Water Supply and Sanitation, “Inequalities in sanitation and drinking water in Latin America and the 
Caribbean,” World Health Organization and UNICEF, 2015, p. 5. 
47 Joint Monitoring Programme for Water Supply and Sanitation, “Progress on Sanitation and Drinking Water: 2015 Update and MDG 

Assessment,” World Health Organization and UNICEF, 2015, p.25. 
48 See e.g. CONAGUA, “Water in Mexico: Priorities and Perspectives,” Comision Nacional del Agua, May 2, 2016. 
49 SEMARNAT, “2030 Water Agenda,” Secretaria de Medio Ambiente y Recursos Naturales, March 22, 2011, p. 6-8. 
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households with access to clean water by utilizing local water sources. Dry composting toilet 

improves sanitation and hygiene conditions in remote rural regions with scarce water sources.  

Defining Micro-financing 

Microfinance is defined as the implementation of financial instruments to provide loans 

to households or communities to improve the access to improve water access, water quality, 

sanitation, and hygiene. Microfinancing is an effective tool to empower poor population without 

clean water or sanitation access in developing counties in household and community levels. The 

market need for micro-financing program results from the fact that majority of the bank loans are 

invested in large-scale water infrastructure projects constructed by the public sector while few 

banks provide loans to small-scale water infrastructure projects such as installment of rainwater 

harvesting systems in a rural community.  

Defining Green Infrastructure 

Green infrastructure is defined by one of the most widely cited papers as “an 

interconnected network of green space that conserves natural ecosystem values and functions and 

provides associated benefits to human populations.”50 The Nature Conservancy adds that these 

functions “can enhance or even replace” traditional grey infrastructure by “employ[ing] 

ecosystem services.”51 This sentiment is echoed by the US Environmental Protection Agency, 

which states that using “vegetation, soils, and other elements and practices” can “mimic nature 

and soak up and store water” that might otherwise need expensive transport and treatment 

infrastructure.52 American Rivers notes that green infrastructure can be installed at the local 

level, such as with rain gardens, and at the landscape level, such as in the restoration of forests 

and wetlands.53  

Our categorization of projects as green infrastructure is based on these definitions. We 

categorize projects as green infrastructure if they employ natural systems and ecosystem services 

to provide water filtration, supply, and storage services that would otherwise be provided by 

facilities such as water treatment plants and cisterns. Included in our research are relatively 

inexpensive local level projects, such as artificial wetlands, to large scale basin restoration 

projects. Also included in this category was the promotion of eco-regenerative practices, such as 

alternative farming or grazing practices.  

Defining Community Engagement and Education 

Community engagement and education is a more nebulous category with a wide variety 

of possible interventions. Interventions of this type are probably best identified through their 

shared goal: capacity building. As stated in Folke et al (2002), one of the most widely cited 

articles on capacity building in natural resource governance, “prosperous social, economic, and 
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51 The Nature Conservancy et al, “The Case for Green Infrastructure,” The Nature Conservancy, June 2013, p. 3. 
52 EPA, “What is Green Infrastructure,” U.S. Environmental Protection Agency, available and at https://www.epa.gov/green-infrastructure/what-
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53 American Rivers, “What is Green Infrastructure,” American Rivers, available at https://www.americanrivers.org/threats-solutions/clean-

water/green-infrastructure/what-is-green-infrastructure/. Accessed March 21, 2018.  
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ecological systems … are intimately linked.”54 In Folke’s analysis, capacity building is a way to 

build resilience into a social-ecological system. It increases the ability of systems55 to adapt to 

changing circumstances. In a concrete sense and relating to water resources, this includes 

“strengthening of institutions at all levels” (such as planning and management practices) and the 

“development of the human resources needed at all levels” (such as education and training).56 So 

in this sense, “community” can mean both local communities such as villages as well as more 

abstract communities such as a research or activist community. 

These goals can be met in many ways, so the types of interventions that fall in this 

category are diverse. The following are some examples, from projects the Foundation has funded 

in the past: sponsoring conferences, hosting training seminars, funding education or training for 

rural communities, sponsoring research or the compilation of reports, and increasing public 

awareness of the value of water. It can also be the promotion of a “water culture”, which is a 

goal which the Foundation has often supported financially.  

2c. The Fundación Gonzalo Río Arronte’s Project History 

The Fundación Gonzalo Río Arronte’s first water project was in 2000, titled “El Triunfo 

y Manantlan.” Since then, the Foundation has funded over 200 water projects totaling over $1.4 

billion pesos ($77.7 million USD).57 On average, water projects make up about 26% of the 

Foundation’s total number of projects each year, and about 25% of its total funding amount each 

year.58 The average amount given in a year was $77 million pesos ($4.2 million USD).  

A review of the types of water projects funded by FGRA from 2001-2011 shows about 

half, on a number of project basis, are in community engagement and education. Technology-

based solutions and green infrastructure projects are second, at about a fifth each. And under 

10% belong to the financing category of water interventions. 

                                                 
54 Carl Folke et al, “Resilience and sustainable development: building adaptive capacity in a world of transformations,” AMBIO: A journal of the 
human environment, 31(5), 2002, p.437-440. 
55 These systems are best thought of as parts of systems themselves, e.g. water provision in a local town is a system with its hydrological 

resources, but this system is part of a wider basin, which is part of the country’s water resources, etc. 
56 Frank Hartvelt and Daniel A. Okun, “Capacity Building for Water Resources Management,” Water International 16(3), 1991, p.176-183. 
57 These and the following statistics are all calculated from the 2014-2015 FGRA annual report. See Fundación Gonzalo Río Arronte, 

“Estadisticas Historicas de las Actividades de la Fundacion,” Informe de Actividades, 2014-2015, Fundación Gonzalo Río Arronte, Dec. 2015. 
58 These figures are after removing outliers for each category separately. For example, 2006 was an abnormally generous year in terms of the 

amount of money awarded to water projects because the amount of money awarded to health and addiction projects was abnormally small. 

However, the share of total projects by number was about the average. In this case, 2006 was excluded as an outlier in calculating the average 
percentage of total money awarded, but not in calculating the average percentage of total number of projects. Including outliers, however, does 

not change the percentages much: 28% of total projects and 27% of total amount awarded. 
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Figure 3. A break-down of FGRA’s past projects in the water sector. 

 

3. Findings from the Research Literature 

3a. Technology-based Solutions 

Rainwater Harvesting Systems 

            The definition of rainwater harvesting system defined by Myers is this: the practice of 

collecting water from an area treated to increase runoff from rainfall or snow-melt59. The 

rainwater harvesting system is mainly used for two purposes, domestic water in household or 

community levels, and irrigation water for agriculture from a landscape perspective. As defined 

in our definitions for technology-based solutions, this section will only focus on rainwater 

harvesting system for domestic water in household or community levels.  

            There are three common characteristics of a rainwater harvesting system: semi-arid 

climate, local water, and small-scale operation.  

The method is commonly applied in arid and semi-arid regions where runoff has an 

intermittent character. Both surface and subsurface runoff are discrete, which means it flows 

only part of the year and may stop during dry periods. Therefore, storage is an integral part of 

water harvesting. Second, it also heavily depends on local water including surface runoff, creek 

flow, springs, and soaks while it excludes storing river water in large reservoirs or the mining of 

groundwater. Third, it is also a relatively small-scale operation in terms of catchment area, 

volume of storage, and capital investment.  

            There are three elements of a typical rainwater harvesting system including runoff 

inducement, runoff collection, and storage and conservation. Runoff inducement is the process to 

                                                 
59 Myers, L.E. 1975. Water Harvesting 2000 B.C. to 1974. 
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produce an adequate amount of runoff for the rainwater harvesting system. The success of runoff 

inducement relies on the quantity of the water. There needs to be enough precipitation to initiate 

the runoff. It also depends on other factors including surface storage, rainfall intensity, and 

infiltration capacity.  

There are three common used measures for runoff inducement, including vegetation 

management, surface treatment, chemical treatment. Vegetation treatment can be effectively 

applied in regions where the annual precipitation exceeds 280 mm60. Surface treatments are 

measures such as rock clearing, compacting, and smoothing. Generally, the three measures are 

used together. The biggest advantage of surface treatment is that it is not expensive and can 

usually be effective for a long period. Chemical treatment uses chemicals such as sodium salts, 

paraffin wax and asphalt. These chemicals can be used to disperse the soil and seal the pores in 

the soil partially to reduce the infiltration rate and increase surface runoff.  

Runoff collection is the process to collect the runoff. For domestic water collection in 

communities, the runoff is collected from streets, courtyards, and most commonly roofs. The last 

component is storage and conservation. There systems intend to reduce evaporation and deep 

percolation as well as to minimize contamination from human, animal or other environmental 

contaminants. The common storage and conservation systems include micro-catchment systems, 

sub-surface dams, and water tanks. Micro-catchment systems utilize contoured areas with deep 

slopes and berms that work similarly as a small water basin. This type of system is cheap and 

easily installed with limited labor resource. Sub-surface dams can store water underground in a 

man-built raised water table or a local underground reservoir. Water tanks can be made of 

plastic, cement, clay, or soil.  

One key limitation of rainwater harvesting system is that even though it can provide 

access to clean water in household or community levels, it does not ensure the quality of water 

harvested. Sometimes, bacteria or other hazardous pollutants may contaminate the water and 

cause severe water-related disease. Other technologies for disinfection purposes should be also 

applied after the rainwater harvesting system is constructed. Also, such system usually requires 

heavy labor power to construct the system as well as for future maintenance. The appropriate 

maintenance is essential to keep the system effective for longer time, which is why educational 

workshop is usually offered after the construction of rainwater harvesting system.  

Recommendations 

1) Rainwater harvesting systems are widespread for a reason: Rainwater harvesting system 

is the most commonly implemented technology-based solutions by global NGOs to 

improve water access in marginalized communities. Its effectiveness has been confirmed 

in both academia as well as practical arena. 

2) Effectiveness depends on local ecological context: The water sources of a rainwater 

harvesting system mostly depend on local water (precipitation and snow-melt). A good 

knowledge of local hydrological conditions are essential to the success of a rainwater 

harvesting system.  

                                                 
60 Cooley, K.R., Dedrick, A.R. & Frasier, G.W. (1975). Water harvesting: state of the art. 
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3) Effectiveness can be boosted: Runoff inducement technology is important to increase the 

amount of water to be collected to initiate a runoff.  

4) Rainwater harvesting is not the only step: Storage and conservation component is a vital 

step to ensure the quality of harvested water. An enclosure should be installed to keep 

water safe from human, environmental, and wildlife contaminants. Other water 

infiltration technology should also be implemented to keep the collected water safe for 

drinking.  

3b. Micro-financing  

Definitions and Basic Facts  

Micro-financing solutions for water, sanitation and hygiene (WASH) services aim to 

provide commonly small-scale affordable loans (less than half a million USD) to communities or 

individuals without clean water access or to small-scale water services providers to install 

adequate water and sanitation facilities to address their water needs61. There are commonly two 

forms of micro-financing schemes in WASH sector: micro-grants offered to small-scale 

infrastructure projects and microloans for households or individuals. Micro-grants are 

traditionally used to construct infrastructure for sewage networks, water treatment facilities. 

Micro-loans are offered to households to install taps or toilets.  

There are three main actors involved in micro-financing for WASH services including 

community-based organizations (CBOs), funders/multi-donors, and microfinance institutions. 

Each of the three actors need to be closely involved to provide their expertise to produce a 

successful micro-financing program for water and sanitation loans as they all have their own 

advantages and limitations. For instance, most financial institutions commonly do not provide 

loans for small-scale infrastructure projects. Micro-lenders have sufficient funding but do not 

have expert knowledge or professional connections related to water sector. CBOs have expertise 

in water sector but they lack project manage skills and financial analysis skills to design or 

supervise a successful micro-financing program from cost-effectiveness perspective.  

One key factor to the success of micro-financing program is aligned market demand and 

supply. The demand for water and sanitation supply is usually varying in different households as 

well as in different geographical regions. It is important to recognize the real need for water and 

sanitation facilities so that the funding invested is truly useful. This addresses the importance of 

an accurate market research on the targeted region on local water and sanitation demand and 

financial accountability.   

Background Story and Market Needs 

            The Millennium Development Goals (MDGs) targets at the goal to reduce global 

population without clean water access, good sanitation and hygiene by half. According to the 

statistics provided by Water.org, the total global available funding for WASH services cannot 

fulfill the global market demand. To ensure the gap to the filled, the growth rate of global 

                                                 
61 Mehta, M. (2008). Assessing Microfinance for water and sanitation: exploring opportunities for sustainable scaling up. 
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available funding for WASH should grow at a rate of at least $10 billion per year62. The total 

annual funding to reach MDGs is estimated to be USD 17 billion for basic sanitation and USD 

70 billion for basic wastewater treatment63. 

The increasing market demand for micro-financing program starts with the important role 

played by small water-service providers. In some African countries, these small-scale water 

service providers can serve up to 60% of households64. Sometimes, such small providers are only 

providers of water services in the region. However,  

            The biggest challenge faced by the community-based organizations is their lack of access 

to finance. Initial capital investment, such as lay pipes, buy pumps, die a borehole or construct 

storage tanks, is a big investment that is not easily affordable for most community-based 

organizations. Commonly, the only sources of credit are family loans, community savings 

groups, or informal moneylenders who charge exorbitant interest rates.  

  

 

Figure 4. Total potential loans for water supply and sanitation, 2004-201565. 

  

Bottom of the pyramid 

            It is important for microfinancing program to target at population at the bottom of the 

pyramid. In the past, the available WASH funding have not been offered to people who are 

                                                 
62 Mehta, M. (2008). Assessing Microfinance for water and sanitation: exploring opportunities for sustainable scaling up. 
63 Mehta, M. & Knapp, A. (2004). The Challenge of financing sanitation for meeting the Millennium Development Goals 
64 Mehta, M., Virjee, K. & Njoroge, S. (2007). Helping a new breed of private water operators access infrastructure finance: Microfinance for 
community water schemes in Kenya. 
65 Mehta, M. (2008). Assessing Microfinance for water and sanitation: exploring opportunities for sustainable scaling up. 
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mostly in need but population that have already accessed to water sources. In addition, poor 

population invest more money and time on water access than medium-income population66, up to 

5-10 times more money invested. Especially for women and children in poor households with 

limited access to water, their majority time is devoted to fetching water for the family. Women 

cannot engage in more productive family businesses. Children do not have time for school. 

Moreover, poor population are vulnerable to water-related diseases due to unclean drinking 

water and bad sanitation and hygiene conditions as they cannot afford for hospital visits.  

Lessons Learnt- Advantages 

            The microfinance programs can help alleviate poverty as most of them target at the poor 

population. It can allow poor people, who would otherwise be considered as not be bankable, to 

receive sufficient capital to satisfy their financial needs. Moreover, by providing easier access to 

clean water, it can save time for the household, especially for women and children in the 

children, thereby providing more opportunities to engage in family business and more time for 

children to go to school.  

            Another key benefit is that micro-loans provided to individuals and household is more 

cost-effective as it is more likely to be used to account for individual needs and address their 

water stress. In addition, the individual loans are more likely to hold individuals responsible as 

well as to use their money wisely and effectively. This would avoid the situation where funding 

is devoted to unwanted water and sanitation infrastructures and facilities.   

Lessons Learnt- Limitations and Challenges 

            As mentioned before, one of the biggest limitations of the micro-financing programs is 

that it requires an accurate assessment on market demand in targeted region. It also relies heavily 

on a credible financial institution to ensure the validity of the funding invested and a high 

repayment rate. Sometimes, the cost recovery is not that easy as the loans are offered to poor 

population and the benefit return from the invested facilities and infrastructures may take a long 

time to pay back. This requires an appropriate set-up of the financial portfolio for the micro-

financing schemes to ensure the continuity of the money stream. Due to above factors, the 

operable region for such micro-financing interventions are highly situational-dependent. This is 

certainly not a solution for all.  

Recommendations 

1) Micro-financing can have social justice goals: Micro-financing is an effective tool to fill 

the gap of the financial need for water and sanitation in household levels, especially for 

population at the bottom of the pyramid.  

2) Micro-financing can be effective water interventions: Microloans distributed to 

individual households can give the household the opportunity to use the investment 

wisely and accounting for their specific water and sanitation loans.  

                                                 
66 Water.org. (2011). WaterCredit Executive Summary. 
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3) Several key design factors exist: The success of micro-financing program replies on many 

factors including sufficient market demand, credibility of the financial institution, a 

positive financial return etc.  

4) Micro-financing has important caveats: A limitation of micro-financing is its limited 

applicable geographical region. There has to be sufficient market demand for such a 

program to exist. In addition, it is important to keep a high repayment rate during the 

implementation of the program.   

3c. Green Infrastructure 

Best Practices in Green Infrastructure: Constructed Wetlands 

 A constructed wetland may come in many designs, but the basic principle is the same. 

Constructed wetlands mimic the biological, chemical, and physical processes of natural wetlands 

for water filtration purposes. The range of waterborne contaminants they can treat include 

organic waste matter, suspended particles, organic molecules, pathogens, and even some 

metals.67 The general blueprint for a constructed wetland includes plants, microorganisms, a 

substrate such as soil or gravel, and of course water.68 Water flows from one end of the 

constructed wetland to the other, through the substrate and plant roots, with a given retention 

time that allows the desired level of purification of the polluted water.69 

 These various constructed wetland components contribute to different water filtration 

services. Plants take up various molecules and metals, while also providing homes for 

microorganisms and slowing water flow velocity. Microorganisms metabolize organic waste and 

other molecules (such as via nitrification), and prey on pathogens. The substrate physically filters 

out suspended particles and allows the accumulation of organic matter that drives biological and 

chemical reactions in the wetland. Slower flowing water moves particles through substrate, and 

also allows for settling of suspended particles.70 Various chemical processes such as ion 

exchange, adsorption, absorption, and precipitation can happen even outside of biological 

metabolic processes.71 

 The complexity of components and filtration processes means that there is no single 

standard design of a constructed wetland. A kinds of choices a constructed wetland project must 

make include: the type of plants, type of substrate, size, location, retention time, temperature, 

depth, connection to and distance from influent sources and effluent sinks.72 Putting aside the 

fine details of design, however, constructed wetlands fall into three basic types. Free surface 

flow wetlands have a standing pool of water at a certain shallow depth. Subsurface flow wetlands 

have a porous substrate such as gravel which filters water as it flows through. The flow direction 

                                                 
67 Joe Gelt, “Constructed Wetlands: Using Human Ingenuity, Natural Processes to Treat Water, Build Habitat,” Arroyo 9(4), 1997. 
68 USDA-Natural Resources Conservation Service and the US Environmental Protection Agency-Region III, “A Handbook of Constructed 

Wetlands: a guide to creating wetlands for: agricultural wastewater, domestic wastewater, coal mine drainage, stormwater in the Mid-Atlantic 

Region: Volume 1: General Considerations,” USDA-NRCS and US EPA-Region III, Oct. 2015. 
69 Texas A&M University, “Constructed Wetland,” Texas A&M University AgriLife Extension, accessed April 3, 2018, 

https://ossf.tamu.edu/constructed-wetland/ 
70 USDA-NRC and US EPA 2015. 
71 Federal Remediation Technologies Roundtable, “Constructed Wetlands,” Technology: Ground Water, Surface Water, and Leachate 
72 National Small Flows Clearinghouse, “Constructed Wetlands: A Natural Treatment Alternative,” Pipeline 9(3), 1998.  
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can be horizontal or vertical.73 Finally, a hybrid system combines different constructed wetland 

designs (such as by linking a surface flow to a subsurface flow wetland, or vertical and 

horizontal subsurface flow wetlands) to take advantage of their different strengths.74 

 The specific technical strengths and weaknesses of the various constructed wetland 

designs are complex. Some designs are better at removing organic wastes, others work best when 

particle concentrations are relatively low, and still others work better at colder temperatures. The 

nuances of even a single design could easily take up an entire textbook.75  

Therefore, this report only aims to convey the general argument that constructed wetlands 

can be a cost-effective water quality project. In addition to reporting general conclusions about 

efficacies, we will also aggregate what different reports have had to say about the advantages of 

constructed wetlands as a water quality intervention. 

General Effectiveness of Constructed Wetlands at Water Filtration 

 Overall, constructed wetlands of all designs are extremely effective at removing organic 

wastes and suspended solid particles. A review of constructed wetlands in developing regions 

found the reduction to range from 65% to around 90% for organic wastes, and 65% to above 

90% for suspended solid particles.76 They were also extremely effective at removing fecal 

bacteria, at rates of around 95% and above.77 One constructed wetland project in Pachua, 

Mexico, for example, found average removal of organic wastes, fecal bacteria, and suspended 

particles to be 88.5%, 99%, and 89%.78 

 Constructed wetlands are not as successful, however, in reducing the levels of two 

common water pollutants: nitrogen and phosphorus. These chemicals are often found in large 

quantities downstream from agriculture, where they are associated with excess fertilizer 

application and collected animal manure.79 Broadly speaking, constructed wetlands were about 

20 – 30 percentage points worse at removing total nitrogen and total phosphorus than they were 

at removing organic wastes and suspended particles. In other words, removal efficacy ranged 

from around 45% to 65% for both pollutants, for all types of constructed wetland.80 This is 

because wetlands naturally only contain a few mechanisms for actually removing these 

chemicals from the water. Most wetland processes convert them from one chemical form to 

another.81 

                                                 
73 Robert H. Kadlec et al, “Constructed wetlands for pollution control: Processes, performance, design, and operation,” IWA Publishing Scientific 

and Technical Report Series, 2006. 
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75 See e.g. Alexandros Stefanakis, Christos Akratos, Vassilios Tsihrintzis, Vertical Flow Constructed Wetlands, 2014. 
76 Dong Qing Zhang et al, “Application of constructed wetlands for wastewater treatment in developing countries – A review of recent 

developments (2000 – 2013),” Journal of Environmental Management 141, 2014, p.116-131. 
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agriculture. Accessed April 10, 2018. 
80 Zhang et al 2014. 
81 Jan Vymazal, “Removal of nutrients in various types of constructed wetlands,” Science of the Total Environment 380, 2007, p.48-65. 
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Pollutant Most Effective Design Least Effective Design 

Organic wastes (BOD) Vertical sub-surface flow 

(89%) 

Free water sub-surface (65%) 

Suspended particles (TSS) Hybrid, all types (93.82%) Free water sub-surface (65%) 

Total nitrogen (TN) Hybrid, all types (66.88%) Free water sub-surface (45%) 

Total phosphorus (TP) Hybrid, sub-surface flow 

(66%) 

Free water sub-surface (49%) 

Figure 5: The most and least effective constructed wetland designs for common water quality 

markers, from a review of constructed wetland projects in developing countries by Zhang et al 

2014. 

 

Advantages of constructed wetlands  

Constructed wetlands provide several advantages as water filtration solutions over 

traditional built infrastructure.  

Low costs: The initial construction costs are anywhere from half to slightly cheaper than a 

traditional water treatment facility.82 (A large part of these costs are land acquisition costs, which 

may be low in developing regions.) However, operating and maintenance costs are significantly 

lower. One study estimated them to be up to 2.5 times lower.83 Because the constructed wetland 

relies on natural ecosystem services, energy demands are low, and added chemicals are almost 

never needed.84 

Low maintenance: Maintenance does not require much specialized technical expertise, unlike 

traditional water treatment solutions. It is also only required from time to time, rather than 

requiring continuous staffing.85 Duties include site inspection, effluent sampling, cleaning the 

pumps, and plant harvesting.86 

Flexible: Constructed wetlands can be built at various scales, according to the available land.87 

Also, because different constructed wetland designs are effective at different tasks, different 

designs can be used to address the water quality issues of the target area. 

Other benefits: Habitat for local species is an ancillary benefit for constructed wetlands.88 They 

are also more aesthetically pleasing than traditional water treatment facilities, because they are 

more integrated into the natural environment.89 
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Best Practices in Green Infrastructure: Ecosystem Restoration 

 Ecosystem restoration projects are ambitious. The cost of a large-scale project can run 

into the millions (and in rare cases billions) of dollars and take many years to complete.90 

However, the theorized benefits of ecosystem restoration are large: restoring ecosystem services, 

protecting water supplies and quality, maintaining biodiversity, building climate change 

resilience, and providing socioeconomic impacts like employment and preserving the local way 

of life.91 A US government study of ecosystem restoration projects in the United States found 

that $1 spent on the project created $2-3 in economic benefits generated by employment, 

businesses, and ecosystem services,92 ratios of benefits that are comparable to other estimates.93  

 For many reasons, it is difficult to evaluate the ecological efficacy of ecosystem 

restoration projects. First, scientific testing of ecological impacts is difficult and/or expensive. 

Ecological recovery operates on a time scale of many years, and are spread out over a wide 

geographic area. Short term ecological changes may not reflect long term trends.94 Second, since 

many ecosystem restoration projects are undertaken by governments and NGOs instead of 

scientists, projects often lack a rigorous scientific protocol for collecting, evaluating, and 

analyzing data.95 They often lack even a post-project evaluation phase.96 Third, the science of 

ecological restoration is itself not well understood. The dynamics of a recovering ecosystem are 

an underdeveloped science. There is also a gap between scientists and project implementers that 

means project designs often don’t reflect the best ecological principles.97  

The result of these challenges is that rigorous scientific assessment of the impact of 

ecosystem restoration projects on ecological markers (such as water) are less common than they 

should be. The scientific literature therefore very rarely can claim broad best design practices of 

ecosystem restoration projects.98 Instead, the state of the science in ecosystem restoration is in 

advocating for more scientific protocols in ecosystem restoration projects.99 Therefore, our 

survey of best practices will select from the most robust branch of this literature: how to choose 

effective ecosystem restoration projects. 
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Best Practices for Choosing Watershed Restoration Projects: A Clear and Consistent Protocol 

 A large part of the scientific literature on ecosystem restoration projects (including 

watershed restoration projects) advocates for a more scientific process for choosing projects.100 

These are often lists of key design elements that a watershed project should consider before 

engaging in an expensive and time-intensive project.101 A clear and consistent protocol for 

choosing ecosystem restoration sites can help choose projects that will have the most impact.  

Moreno-Mateos and Comín (2010) identify four key considerations in choosing the 

appropriate watershed restoration strategy: 102 

1. The objective of the project: for example, is it water quality, flood mitigation, 

biodiversity enhancement, or a combination of the above? 

2. The desired scale: will it be a site (10 m2 – 10 hectares), subcatchment (thousands of 

hectares), catchment (many thousands of hectares), or territory? 

3. The tradeoffs between different objectives: for example, small wetlands may be more 

efficient for phosphorus removal but less so for biodiversity enhancement. 

4. The particular project design: for example, is it a single large wetland or multiple smaller 

wetlands? 

Comín et al (2014) developed a more sophisticated protocol, involving computer modeling. 

103 It is especially helpful to look at because it was applied to sites in the Ebro River Valley in 

Spain. The valley is a semi-arid zone used heavily for irrigated agriculture – in both climate and 

land use, it is similar to parts of central and northern Mexico.104 Their goal was to improve the 

water quality of the Flumen River. The protocol is described briefly here, and in more detail in 

the Appendix: 

1. Use the Soil and Water Assessment Tool (SWAT), or another hydrological modeling 

program, to model water flow and pollutant discharges in the area of interest.  

2. Use the modeled water flow to determine the sub-watersheds that drain into the river. 

These are all potential ecosystem restoration project sites. 

3. From the potential project sites, filter by the amount of pollutant flowing through them. 

High pollutant flow sites are desirable. 

4. For each of the desirable project sites, use a formula to estimate the area of surface-flow 

wetland required to remove pollutants to a desired level.  

5. Consider the social feasibility of acquiring the plots of land necessary for the desired 

pollutant level.  

                                                 
100 See e.g. Karen D. Holl and T. Mitchell Aide, “When and where to actively restore ecosystems?,” Forest Ecology and Management 261(10), 
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Ecological Engineering 66, 2014, p.10-18. 
104 M.C. Peel, B.L. Finlayson, and T.A. McMahon, “Updated world map of the Köppen-Geiger climate classification,” Hydrology and Earth 
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6. Consider the financial feasibility of acquiring the plots of land necessary for the desired 

pollutant level, as well as the project costs.  

Essentially, the protocol ensures that project sites have high potential for pollutant removal, are 

financially feasible to acquire and develop, and will not encounter societal barriers to 

implementation.  

 Finally, ecosystem restoration projects should include some method of evaluation. Close 

consultation with scientists can make an integrated evaluation protocol tailored to the project. In 

return, the scientists may be able to use the project to further the science of ecosystem 

restoration.105  

Crucially, a built-in evaluation method allows for adaptive management. Adaptive 

management is a best practice commonly preached throughout environmental policy.106 

Environmental systems are often complicated, with feedback loops and interconnections between 

various ecological, social, and political systems. Adaptive management is a policymaking 

framework in which an environmental management action has a built-in evaluation phase, the 

results of which are used as information to improve the management.107 For example, data 

showing improved water quality can be an affirmation that the project is working. A lack of such 

a result might indicate that the chosen project design needs to be changed. Several years of no 

impact might even start a conversation about abandoning the project altogether. Given the 

complexities and uncertainties of ecosystem restoration projects, adaptive management can boost 

chances for success.108  

Recommendations 

Constructed wetlands are currently under-represented in the Foundation’s project portfolio. 

Smaller scale ecological restoration projects can accomplish similar impacts at a much more 

manageable scale. 

1) Constructed wetlands are a low-cost, decentralized option for water quality 

improvements: After an initial startup cost, constructed wetlands can be maintained for 

very little cost and with minimal training.   

2) Different constructed wetland designs have different strengths: All designs are extremely 

effective at removing organic wastes, fecal bacteria, and suspended solid particles. They 

have varying effectiveness at removing total nitrogen and total phosphorus. 

3) Choose ecosystem restoration projects carefully: The Foundation should require, where 

possible, that ecosystem restoration projects have followed a site selection protocol. This 

should include at minimum a declaration of goals and a justification of scale. Ideally, the 

analysis would be driven by ecological models and geospatial analysis to choose the most 

effective and cost-effective sites for the desired impact. 
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4) Ecosystem restoration projects should be designed scientifically: Project goals should be 

tied to specific measurable outcome metrics. Evaluation should occur before, during, and 

after project implementation to measure the project’s impact.  

3d. Community Engagement and Capacity Building 

Involving project beneficiaries in project planning, implementation, and maintenance is 

not a new idea, but it is an important one. Community-based approaches have been espoused by 

major international development organizations since at least the 1990s109, following a decade or 

more of criticisms about the inefficiency of top-down, large-scale, “big development” projects.110 

The theory behind community-based approaches posits three advantages: 1) reducing 

information problems (e.g. by ensuring local priorities are met, and bringing in local expertise); 

2) bringing resources to those in lower socioeconomic strata; and 3) building local capacity, 

expertise, and agency.111  

Common factors of successful and sustainable community-based projects  

The first is that surface-level participation will not result in sustainable project effects.112 

It is important for the local community to share real control over the project decisions. In this, 

Laverack (2001) draws the distinction between simple participation, which can be passive, and 

actual empowerment via sharing decision-making control.113 One example of surface-level 

participation is holding a public meeting for a decision that has already been made – any 

feedback from the community is noted, but does not materially affect the outcome. Meaningful 

participation that generates empowerment involves them at all stages of the project process. This 

can include seating community members on the planning committee, to give them a formal say 

in which projects are undertaken, and how. (In addition to empowerment benefits, this has the 

advantage of incorporating local knowledge of what the problem looks like at that specific 

project site, which can often be expensive or inefficient to collect for an outside NGO.114) It can 

also take the form of training community members to implement the programs, or to perform 

post-project monitoring and evaluation.115  

Building local human capital and expertise was another common factor of sustainable 

and effective water projects. Madrigal, Alpízar, and Schlüter (2011), studying community-based 

drinking water organizations in rural Costa Rica, found that competent and knowledgeable 

leadership was a commonality in effective water organizations.116 These organizations had 

leaders who had organizational training and expertise, and had some water system-specific 

technical knowledge. They were also dedicated: low efficacy organizations had leaders who had 

significant demands on their time, energy, or attention in other places. Finally, effective 
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organizations allowed the recruitment, training, and participation of new potential leaders. These 

findings suggest that one effective way to enhance a community-based project’s sustainability is 

to provide both technical and management training to existing leaders, and encourage provision 

of the same to emerging leaders.  

Regular citizens also need to understand the importance of using an improved water 

supply. A World Bank report examining developing countries around the world found that more 

educated households were willing to pay up to 50% more for a private water connection. It also 

found that households in which the head of the household completed primary education was up 

to 20% more likely to have a private water connection. Faham et al (2008) studied rural 

participation in sustainable water management in Iran, and found that (among others) 

understanding of the project and its goals were significant predictors. Rural citizens were more 

likely to follow the national water management program the more contact they had with 

technical experts and program agents, and the more they were aware of the goals of the program. 

A similar study found rural citizens more likely to comply the more aware they were of natural 

resource and environmental degradation.117 These results suggest that project sustainability could 

be improved by promoting understanding of the local need for a water project (such as the health 

improvements from using an improved water source vs. the stream for drinking water) by both 

education opportunities and face-to-face time with program staff. 

A clear set of organizational procedures also promoted a sustainable rural water project. 

Effective community-based water organizations had a transparent set of rules for elections, kept 

records of active users and delinquent users, accounting practices and annual reports. 118 They 

also had mechanisms to be accountable to the users, such as by making their lists of users and 

delinquents publically available, and having ways for the users’ concerns to be heard by the 

leadership. In the case that a user does not pay, there must be a clear process for delivering 

warnings and punishments. When a user has a disagreement with other users or the organization 

itself, there must be a clear process for arbitration. It is also important that the users can trust that 

their fees will be used for maintaining the water system, rather than for other town expenses or 

even lost to corruption.119 This highlights that having a clear set of rules not only keeps the 

organization running efficiently, it also preserves trust (and therefore motivation) in the local 

water supply.  

Local contributions to project costs is another general best practice of community-based 

projects. The contributions can go towards the construction cost or be regular user fees for 

operation and maintenance expenses. They do not have to be significant, but they have to be 

significant enough that they encourage a feeling of ownership over the water project.  
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Highlighting an Important Factor: Local Provision of Training 

The provision of training was often cited as an important factor in project sustainability. 

The most powerful result came from a study in Bolivia by Davis et al (2008). They found that 

post-project visits providing training and management workshops to rural communities had a 

greater impact on water project sustainability and effectiveness than when those post-project 

visits were simply for maintenance or repair.120 The authors suggest this means that many 

failures in rural water supply comes from a lack of local administrative or organizational 

capacity, rather than engineering challenges. For example, a rural water supply may fail because 

the local water council may not be able to collect enough fees for operation and maintenance 

expenses.   

The results of Davis et al were found also in in a study of 10,000 individuals in 400 

communities in Peru, Ghana, and Bolivia. Whittington et al (2009) found that post-project visits 

for technical issues was not correlated with having a working water system. However, training 

local operators and caretakers how to perform technical repairs was correlated. These 

communities with trained local operators also enjoyed a significant boost in satisfaction with the 

water project.121  

Training is also important when preserving a rural water supply’s impact on water 

quality. Newman et al (2002) found that although small community water systems in Bolivia 

generally improved access to and quantity of water for the community, it was only after 

community-level training workshops that water quality improved as well.122  These training 

workshops taught local residents how to properly clean and maintain the supply system 

equipment, as well as how to administer and spend water fees. The authors conducted interviews 

that suggested training not only improved the organizational effectiveness of the local water 

councils, but gave them the expertise to maintain unfamiliar equipment.  

Hoque et al (1991) showed that in Bangladesh, simple water systems such as hand pumps 

could be just as effectively maintained by trained women volunteers as professional 

technicians.123 Although this strategy was more cost-effective and enabled female empowerment, 

the authors noted that the male-dominant culture there necessitated that both male and female 

villagers had to be convinced to support this program. In other words, in this case, too, the 

community-based approach had to fit the local context.  

Underscoring the importance of local expertise is Baguma et al (2010), which found three 

significant predictors of effectively using rainwater harvesting systems in Uganda.124 One 

predictor was simple experience: the longer a household has been successfully using rainwater 
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harvesting, the better it is at household rainwater management. Another was the presence of local 

rainwater harvesting associations, which allowed knowledge sharing and improved learning. 

Finally, they found rainwater harvesting systems were more successfully utilized when the 

project included usage instructions. These instructions not only included how to use the rainwater 

harvesting systems, but why: these systems are important alternatives to unimproved water 

sources, which carry significant health risks.   

The Most Important Consideration: Fitting the Local Context 

However, being adapted to the local cultural and problem context is probably the most 

important design element. A community-based solution must not imagine that incorporating a 

community element will not automatically mean success, nor that the community is a single 

unified entity.125 Community members vary by age, gender, ethnicity, socioeconomic status, 

political power, religion, education, and values. There may be local histories of conflicts or 

mistrust between any of these categories that makes simple community-based projects difficult. 

The different groups may also have different opinions about the water project, and a single 

person may belong to several different sub-communities.126  

Gender is often one of these categories that can make unified participation difficult.127 

For example, South Asia has a male-dominated culture that makes it difficult for women to hold 

positions of power, especially on the local level. It is women who are primarily responsible for 

collecting water for domestic use, sometimes walking as much as 5km to do so. They are also the 

ones who have to care for family members who get sick from water-borne diseases.128 They 

should have the most to gain from a water project, and know the most about the local water 

problems, and so good community-based design principles suggest they will be highly motivated 

to participate. However, NGOs doing community-based water projects in the area have 

historically struggled to elevate participation by women129, and/or to make that participation 

meaningful.130 Women in South Asia are often incredibly busy with many domestic tasks, 

making it difficult to find the time or energy to be an active participant in the water project. In 

some cultures, such as Bangladesh, women are traditionally unable to participate in public 

affairs, and must confine themselves to the home.131 Even if women participated, there was 

sometimes a social pressure for women to defer to the opinions of the men. Disagreements were 

seen as socially unacceptable signs of disrespect, and some outspoken women were seen as 
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embarrassing or emasculating their husbands.132 In these cases, community-based water projects 

were ironically yet another way for men to exert control.133  

Therefore, NGOs who came into South Asia and naively implemented a community-

based solution would not see true community participation. An entire demographic group of the 

community, the ones who interacted with water the most and knew best how the community 

collected its water, faced tremendous barriers to sharing its knowledge. In such a local context, 

an NGO seeking to implement a community-based solution must first build up the local support 

network of women, ensure support and protection from local institutions and powers, and 

provide a culturally neutral space for participation.134  

Recommendations 

The lasting impact of a community-based approach will depend on how much it increases the 

community’s motivations to be stewards of their water sources, and how much it increases their 

ability to do so.  

1) Ensure participation is meaningful: Give community members some actual influence on 

project decisions, or important tasks in construction or administration. This not only gives 

them practical experience in maintaining the project, but also increases their feeling of 

ownership. 

2) Build local knowledge and expertise: Provide management and technical training to local 

leadership. Educate regular citizens on why the water project is an important 

improvement. 

3) Create a clear set of organizational rules: Being clear about procedures and transparent 

about operations will minimize conflicts, and help conflicts resolve quickly. 

4) Provide local training: Follow-up visits providing training were more effective at 

preserving project impacts than repair visits. For simple projects, trained local managers 

and technicians can be effective and empowering. 

5) Adapt to the local history and context: There is no “one-size-fits-all” for community-

based projects. Local histories of conflicts can make community-based projects difficult. 

Investigate the local history first, then adapt the design to empower the unempowered, 

and reconcile local differences. 

4. Case Studies 

4a. Technology-based Solutions: WaterAid and its sustainable WASH program in 

Nicaragua 

About WaterAid 

 WaterAid is a global NGO funded in UK in 1981 that focuses solely on water, sanitation 

and hygiene135. It works in 38 countries. By the end of 2017, it has reached 24.9 million people 
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with clean water, 24 million with decent toilets and 16.7 million with good hygiene. Its goal is to 

reach everyone and everywhere with safe water, sanitation, and hygiene by 2030. WaterAid 

prioritizes on the marginalized community that suffer from poverty and lack of access to basic 

water needs. 

 The strategy implemented by WaterAid involves an integration of community-based 

infrastructure construction and technical support, government-level advocacy, organizational 

outreach, and market-driven solutions. Specifically, WaterAid provides WASH services in 

marginalized communities after thorough background research on local water culture, economic 

and social context. Such as installing rainwater harvesting systems, install dry composting 

toilets, drilling water wells etc. In the meantime, WaterAid conducts campaign activities to 

government officials, municipal officials, community leaders, and ambassadors to advocate for a 

better regulatory environment and seek for increasing capacity for water services and 

infrastructure. Furthermore, WaterAid also connects with teachers in schools and doctors in 

hospitals to provide education on sanitation and hygiene. WaterAid also collaborates with 

technological companies and financial institutions to advance technology-based water, sanitation 

and hygiene solutions and to stimulate capital investment in water sector. After the field 

construction and installation of technology-based solutions, WaterAid also provides educational 

workshop to ensure appropriate maintenance by local villagers.   

Supporting WASH Services in Nicaragua 

Background 

 An indigenous community called Miskitu locates on the remote north Caribbean coast of 

Nicaragua. Lack of access to clean drinking water has been a main concern for local villagers for 

decades. The government, which locates on the opposite side of the country, is incapable of 

providing assistance to help this community due to such a far distance. The government certainly 

has other more important issues to worry about.  

 There are many marginalized communities like Miskitu in Nicaragua, especially in the 

nation’s Caribbean region. Nicaragua is one of the poorest countries in the world and is 

considered as a lower-middle income country by World Bank. The Human Development Index, 

a score of 0.631, ranked the third to last globally. 

WaterAid stepped in and initiated its sustainable WASH programme in Nicaragua in 

2012. In main operational regions of WaterAid, which commonly concentrated in autonomous 

regions, lower than 20% of population have access to clean drinking water, compared to a 

national average of 99% in urban regions and 69% in rural regions.  

 Despite poverty and lack of clean water access, there are other difficulties lying ahead. 

The conditions of civil infrastructure are bad, which makes it hard to transport goods and 

materials into the village. A sparse distributed population in the region makes it more expensive 

to provide WASH services. In addition, the frequent extreme weather conditions such as 

hurricane and tropical storms create obstacles for construction and future maintenance of WASH 

infrastructure and facilities.  

 Even though challenges are facing, there are opportunism for WaterAid to operate in this 

region as well. Miskitu community has strong social networks with their villagers. Moreover, 
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there are plenty available natural resources for constructing WASH services infrastructure and 

facilities.  

Work in Field – An Integration Approach  

 Since the beginning of WaterAid contributions in 2012, many achievements have been 

made in two years. The field team has increased from 2 people to 18 staff and an operating 

budget from $133,000 to $750,000. Strong connections have been made between WaterAid 

Nicaragua and local government officials, community-based organizations, educational 

institutions, business sectors, and branches of international NGOs.  

 By the end of 2014, it has reached to 18 schools with over 7,000 populations with clean 

water access and over 5,000 populations with improved sanitation. It has increased local 

government capacity for WASH services provision. It also has utilized creative technological 

solutions to reach marginalized villages in local regions to provide WASH services.  

 In the beginning of WaterAid work in Nicaragua, it first conducted research on local 

economic and social conditions as well as cultural practices in local regions. It also improved its 

understanding on the nation’s regulatory framework and sort out the government branches that 

should be responsible for WASH services capacity building in targeted region. Then, WaterAid 

connects with local community-based organizations, water-solution technology companies and 

experts etc to install technology-based solutions in the community. For example, WaterAid has 

installed over 100 rainwater harvesting in Miskitu region to improve community access to clean 

drinking water. It is worth noting that for different villages, WaterAid utilized different 

technology-based solutions that will suit to their specific water needs and local context. This is 

the key to the sustainability of the programmes in the field.   
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Figure 6. Shana Dixon and other WaterAid members work on a rainwater harvesting tank in May 

2017136.  

 WaterAid also takes a leading role in political advocacy, connecting with government 

officials in both regional and national levels to provide a better regulatory and investment 

environment for programs in field. Specifically, WaterAid staff managed to have the local 

government make commitment to increase its capacity in WASH service provision such as 

providing staff to monitor WASH service infrastructure and facilities and increase their 

operational budget for annual maintenance. WaterAid pushes the national government to form a 

national WASH framework and climate change adaption framework, to address the importance 

of water security. It also works with private sectors and financial institutions to conduct a market 

demand research on micro-financing strategies for WASH services. It collaborates with 

technology companies to create a documentation and a platform to share the most advanced and 

innovative technology-based water solutions.  

Impacts Brought by WaterAid 

 WaterAid has helped more than 20 rural communities and 6 peri-urban communities in 

Nicaragua with better water, sanitation, and hygiene access. Over 7,000 people were benefited 

by WaterAid efforts only within two years of the programme. Young generations in the 

communities received education about implementing and maintaining water solutions such as 

rainwater harvesting systems, drilling borehole wells, and installing toilets. Thorough the aligned 

effort in public advocacy, government capacity in WASH service provision is also enlarged with 

                                                 
136 Terrazas A. (2018). Indigenous women provides clean water for remote part of Nicaragua. 
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an increased number of WASH projects to be constructed and increased annual budget in water 

sector.  

Lessons learnt 

 A good understanding of local water culture, social and economic context is an important 

first step to implement a technology-based solution in field. The solution should be suited to 

local needs and water culture so that the longevity of the project is ensured. An integrated 

approach of technology-based solution, government advocacy, community outreach and 

education and partnership with local community-based organizations and private corporations to 

provide WASH services is an important factor to the success of sustainable WASH programs in 

Nicaragua.  

Lessons from this case study: 

1) Technology is not a magic fix: It is important to conduct thorough background research 

on local economic conditions, social contexts, and water culture in the beginning of the 

implementation of the technology-based project.  

2) The best technology can differ by local context: A good understanding about local 

context can help the NGOs to identify the most effective water solutions to tackle local 

water and sanitation needs.  

3) Technology alone is not as effective: An integrated approach that incorporates 

technology-based solutions with public advocacy, community-based outreach, and 

educational work is vital to the longevity and the success of the project.  

4) Local resources must be mobilized to support the technology: In the process, involvement 

of local government officials, municipal officials, teachers in the school, community 

leaders, private corporations, and financial institutions can be vital to the success of the 

project.  

 

4b. Micro-financing: Water.org and their WaterCredit Initiative 

About Water.org 

 Water.org is an American non-profit developmental aid organization co-funded by Matt 

Damon of H2O Africa, and Gary White of WaterPartners in 2009. Its organizational goal is to 

provide aid to regions that have no access to clean drinking water and sanitation.  

Water.org has been working in 13 countries since it was funded. By the end of 2017. By the end 

of 2017, Water.org has reached 10.8 million people and distributed $722 millions capital for 

water and sanitation. 80 active partnerships have been established across the globe.  

Most of programs conducted by Water.org are concentrated in African countries 

(Ethiopia, Ghana, Kenya, Tanzania, and Uganda), Asian countries (Bangladesh, Cambodia, 

India, Indonesia, Philippines), and Latin America (Brazil, Honduras, Peru). 

Currently, it has not reached out to communities in Mexico. However, according to our 

interview, the organization is conducting a market assessment in Mexico to assess the market 

demand in the region and researching on the modification of the program to potentially 

implement in Mexico rural regions.  
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 The scaling of the programs and their organizational impacts is expected to continue, 

especially in new markets in developing countries. Its global mission is to achieve a day when 

everyone has access to safe water.  

Water.org’s key approach to tackle global water crisis is using market-driven financial 

solutions to global water crisis. Four solutions are implemented by Water.org, including 

WaterCredit, WaterEquity, New Ventures, and Global Engagement.  

WaterCredit Initiative utilizes microfinancing to provide small, affordable loans to 

population without access to clean drinking water and sanitation. It targets at the bottom of the 

pyramid, which are poor population that commonly cannot afford the initial investment cost to 

install water taps, pumps, or toilets. A more detailed case study on WaterCredit will be presented 

in later section.  

WaterEquity is a solution under the intention to scale the social impact from WaterCredit 

Initiative. WaterEquity provides capital and connects the investors to those who need help with 

water issues. It aims to capitalize on social impact investing so that more funding can be offered 

to WaterCredit. It is essentially the sources of funding and loans for WaterCredit. 

New Ventures serves as the primary source of funding to research on the exploration of 

technological approaches to solve water issues. The council for New Ventures Fund is 

responsible for project impact evaluation, strategical development, and global advocacy.  

 Global Engagement aims to assist the collaborative information-sharing and cooperation 

among global leaders, governments, institutions, NGOs and whoever exerts their efforts on 

tackling global water crisis. The engagement partners include World Bank Group, UNICEF, 

Sustainable Sanitation Alliance, End Water Poverty etc.   

WaterCredit 

Basic Facts on WaterCredit 

WaterCredit is a long-term sustainable financial solution to water crisis in a regional 

level. WaterCredit is also the cornerstone of Water.org toolkits to tackle global water crisis. As 

defined above, WaterCredit initiative brings small, easily repayable loans to those who need 

access to household clean water and sanitation with a 10-month repayment period.  

By the end of the 2017, it has benefited over 10 million people in 11 countries and 

disbursed over 2.2 million loans through the program. The current value of loans disbursed 

reached $722 million.137  

WaterCredit is market-driven and people-driven. One of its most important features is 

that it is a pay-it-forward system, which means the money invested to help one family can be 

recycled to empower another household without clean water access. Such feature can help the 

program to reach help to the maximum number of households in the local community if possible 

and ensure the longevity of the program in the local region.  

Pilot Market Assessment  

First, after the organization recognizes a region under water stress, the organization will 

conduct a market analysis to identify if there is sufficient local demand for water credit. A pilot 

                                                 
137 Water.org. (2018). About our work – WaterCredit. Retrieved from https://water.org/about-us/our-work/watercredit/ 
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program may be conducted to assist information collection. The market assessment focuses on 

the demand for water and sanitation loans in the household level. Risk assessment will also be 

conducted to ensure the healthy development of the program and a reliable repayment rate of the 

loans borrowed.    

Moreover, the organization will also carry out advocacy or educational activities to 

stimulate local demand, raise knowledge about water, sanitation, and hygiene, and create a 

healthy water culture in local regions.  

Partnership Certification Process 

After the market assessment is made, according to local needs, the organization will 

carefully select a local creditable financial institution to provide a financial portfolio for water 

and sanitation loans. This procession is termed as partnership certification process. The 

reliability and reputation of the financial institution is a key deciding factor in this process. 

Sometimes, the organization may also consider other factors such as the operational region and 

scale of the institutions (explain in detail in later section). For example, the financial institution 

has a good candidate for the program if it has its operational region of the financial institution 

aligned with water stress regions previously identified by the organization. Additionally, it would 

be beneficial for the WaterCredit program if the partnered financial institution has many local 

branches in the region. The successful story of WaterCredit program in one branch can be easily 

heard and learnt by other branches in other geographical regions. The effective model can be 

duplicated in other regions that have not received the benefits brought by WaterCredit so that the 

geographical impact of the program can be enlarged to the greatest extent possible. Water.org 

also partners with other institutions including MFIs, NGOs, governments, water authorities and 

other WASH service providers to better facilitate WaterCredit Intiative.  

Water and Sanitation Loans 

 After the portfolio is established, the funding will be provided to a household to install 

water taps, pumps, or toilets. Water.org will support the process by providing expert knowledge 

and resources, such as offering technical support for the installation, development materials and 

sales strategies for products etc.  

The loan targets at poor population (the bottom of the pyramid) in the local region. The 

loan can be used to install taps or toilets in their households, or be used to help the household get 

the access to technicians who can do the work.  

For the loan, a relatively low interest rate is applied. The pay-back period is usually 10-

12 months. The current repayment rate has reached over 87% in most regions.  
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Figure 7. The pay-it-forward-system of WaterCredit138.  

 

A Pay-it-forward System 

The water and sanitation loans have successfully been invested to help one household 

with access to clean water or good sanitation. After 10-12 months, the loan is repaid by the 

household and recycled by the financial institution. The same amount of money can be 

reinvested to another family in the local community to help install taps or toilets. In a rolling 

basis, the loans can be used to help a massive number of local households as long as a high 

repayment rate is secured. A successful WaterCredit program is even expected to last for decades 

in a region.  

Monitoring Process 

The organization assesses their impacts through a thorough social and economic research 

on the impacted community such as the reduced time to access safe water, the decreased rate of 

water-related illness and corresponding costs, the limited risks for sexual and wild animal 

harassment. They also monitor the program to ensure the validity of the financing process. For 

example, if the funding is invested to local households to address their water needs.   

Lessons Learnt-Advantages 

One of its key advantage is its sustainable pay-it-forward system that can ensure the 

funding devoted can be used most efficiently to help the maximum number of households in the 

local region. In addition, the global impact of WaterCredit promises to grow with the expansion 

                                                 
138 Water.org. (2018). WaterCredit. Retrieved from https://water.org/about-us/our-work/watercredit/ 
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of the initiative and the increasing number of partners. With increasing connections with its 

funders, more available funding can be devoted to the Initiative. With the help of a partner with 

many branches, the geographical impact of the Initiative can be extended.  

 Another key advantage is that it can design a microfinancing program that suits local 

needs. Its collaboration with local financial institutions and government officials also ensure its 

longevity in the local region. Most importantly, it really reaches to people at the lowest pyramid.  

Lessons Learnt-Limitations 

 Since there has to be a market demand for water and sanitation loan and creditable local 

financial institution to make WaterCredit operable, WaterCredit Initiative can only be applicable 

in certain geographical regions that have passed the market assessment and risk assessment by 

Water.org. There are other constraints such as available funding, regulatory limitations etc. A 

successful and sustainable WaterCredit Initiative is certainly not easily achievable.  

 Water.org has not yet established such WaterCredit program in Mexico. However, the 

organization fully recognizes the intensive water stress for Mexican households and would like 

to offer help. According to our interview, Water.org is currently conducting research on the 

application of an adaptation model of WaterCredit program in Mexican rural communities. A 

dashboard website has been created linked to WaterCredit website139. More background research 

is still needed to construct such a program in field. We all look forward to successful 

WaterCredit Initiative that would help millions of Mexican people in the near future.   

 

Lessons from this case study: 

1) Pay-It-Forward is a successful model: The pay-it-forward system of WaterCredit is the 

key to ensure the maximum number of households in the local regions to be served by the 

micro-financing program.  

2) Choose local on-the-ground partners wisely: Strategical partnership is an important step 

for Water.org to increase its program capacity and enlarge its program impacts across 

different geographical regions.  

3) Initial steps affect long-term viability: Market assessment, risk assessment, solid partners, 

and a proper start-up of the financial portfolio are vital factors to the success of micro-

financing program.   

 

4c. Green Infrastructure: Green infrastructure projects for local water quality 

improvement 

Small scale watershed restoration project for water filtration in North Carolina 

 In 1998, the Duke University Wetland Center, Duke Forest, and the Duke University 

Department of Civil and Environment Engineering began planning a multi-phase, small-scale 

wetland restoration project. The Stream and Wetland Assessment Management Park (SWAMP) 

                                                 
139 WaterCredit on Mexico. Retrieved from https://portal.water.org/mexico 
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was meant to restore water quality to a degraded stream and watershed that carried water to a 

local drinking water reservoir. The water quality outcomes of interest were fecal bacteria, 

sediment loading, and total nitrogen and phosphorus concentrations.140  

 Begun in 2003, Phase One restored 600m of a stream called Sandy Creek that receives 

non-point source runoff from nearby urban development. Runoff from these impervious surfaces 

were much greater than natural levels, and it degraded the banks and sides of the stream until the 

streambed widened, deepened, and became rectangular. This change in stream morphology led to 

greatly increased transport of runoff loaded with nutrients and pollutants.141 The SWAMP 

project re-routed the stream into a new streambed that was shallower (to re-establish the stream’s 

connection to its floodplain) and had more bends and curves (to slow down the streamflow). A 

slower streamflow minimized erosion, and allowed for more time for the streambanks to treat 

pollutants with biogeochemical processes.142  

 Phase Two was the construction of a 1.6 hectare (16,000 m2) stormwater retention pond 

and dam. The pond’s main purpose was the settling of sediment and pollutants, improving water 

quality downstream to the drinking water reservoir. The dam’s weir can control the flow of water 

out of the pond, allowing control of the impact of Sandy Creek’s water on water quality 

downstream.143 The pond also further slowed streamflow upstream, enhancing the functions of 

the restored stream. As a side benefit, the pond has become new habitat for a variety of wetland 

plants and animal species.144 

 Finally, Phase Three created a series of several small constructed wetlands on either side 

of the restored stream. The wetlands have a total surface area of 0.5 hectares (500 m2).145 Several 

natural wetland processes improve water quality. A long retention time in these micro-wetlands 

settles sediments. Nitrogen and phosphorus get metabolized by bacteria in the soil, and taken up 

by wetland vegetation. Microbes and bacteria, including fecal bacteria, either settle to the 

wetland floor or get preyed on by wetland microorganisms. Future Phases Four and Five will 

extend the stream restoration project to a tributary, and construct an additional stormwater 

retention pond.146  

 The SWAMP watershed restoration project successfully improved its key outcome 

metrics. The restored stream successfully re-established natural wetland hydrology, including the 

water table, connectivity, and soil moisture conditions. The stormwater retention pond and 

constructed wetlands removed around 500 metric tons of sediment per year. The combination of 

                                                 
140 Curtis J. Richardson, “Greening the Blue Devil – DUWC’s SWAMP and Duke’s Plans for Campuswide Stormwater Control,” Wetland Wire 

9(1), 2007. 
141 Curtis J. Richardson et al, “Integrated stream and wetland restoration: A watershed approach to improved water quality on the landscape,” 
Ecological Engineering 37, 2011, p.27. 
142 Duke University Wetland Center, “Welcome to SWAMP: The Stream and Wetland Assessment Management Park,” at 

https://nicholas.duke.edu/wetland/signs.pdf. Accessed April 14, 2018. 
143 Richardson et al 2011, p.28-29. 
144 DUWC “Welcome to SWAMP.” 
145 Richardson et al 2011, p.29. 
146 Duke University Wetland Center, “Phase Three: Construction of Stormwater Treatment Wetland,” DUWC’s Stream and Wetland Assessment 

Management Park (SWAMP), at https://nicholas.duke.edu/wetland/swamp5.html. Accessed April 14, 2018. 
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the constructed wetlands with the other phases reduced total nitrogen loads by 64%, and total 

phosphorus loads by 28%. Fecal bacteria levels were reduced downstream by over 90%.147  

 In total, the SWAMP is 7.9 acres (32,000 m2),148 but treats stormwater runoff from 1,400 

acres (about 5.6 million m2) of nearby land.149 This ratio is about 1:177. The budget for the three 

completed phases was around $1.5 million USD over 4 years of construction (2003 – 2007).150 

The SWAMP project is a demonstration that a multi-stage, small scale watershed restoration 

project can be an effective solution to local water quality issues. 

 

Lessons from this case study: 

1) Small scale projects can be effective: Rather than large-scale ecosystem restoration 

projects, smaller targeted restoration projects can be both effective and cost-effective. 

2) Multi-stage projects can layer the strengths of different designs: The different phases of 

the SWAMP project served different purposes. The restored stream slowed streamflow, 

the retention pond settled sediments and nutrients, and the constructed wetlands 

metabolized pollutants. Together, these components greatly improved water quality 

entering the downstream drinking water reservoir. 

3) Scientific site selection and project design boosts effectiveness: The planning and study 

phase were driven by scientists. The project site was selected to maximize potential water 

quality impact: Sandy Creek was chosen because it received a large amount of runoff 

from nearby lands, and then delivered that polluted water to a drinking water reservoir.  

4) Monitoring outcome metrics is important: The SWAMP project proved to have an impact 

on water quality outcomes in a large geographic zone. However, these impacts would not 

have been known without pre- and post-testing protocols.  

 

4d. Community Engagement and Capacity Building: “La Nueva Cultura del Agua” in 

Spain  

Promoting “La Nueva Cultura del Agua” in Spain: 1993 – present. 

 For most of the 20th century, national water policy in Spain was dominated by the 

philosophy of regeneracionismo: large state-funded water infrastructure projects such as dams, 

aqueducts, and irrigation canals boosted economic productivity across the country.151 Water 

policy became increasingly technology-focused and centralized, moving massive quantities of 

water from water-rich regions to drier regions. The national water ministry, the Dirección 

General de Obras Hidraulicas, had close ties with the engineering, construction, cement, and 
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electricity industries.152 National water legislation throughout the 20th century codified this 

same sentiment, favoring the development of dams and large irrigated farms.153  

 In 1993, the Spanish government released a draft of a new National Hydrological Plan 

(NHP). This NHP was not much different than its predecessors, calling for more dams and river 

diversions. It once again overlooked the usual victims of the national water strategy: small 

farmers, towns who were flooded by the dams’ reservoirs, and the environment.  

 Previous NHPs had not faced much controversy. This time, however, the NHP stirred up 

significant resistance, especially in the northeast. This region was the home of the Ebro River 

Basin, a significant river system covering about 20% of Spain’s land area. Its waters were 

heavily used by irrigated agriculture, industry, urban water supply, and hydropower, in addition 

to the various ecosystems dependent on its flows. 154 Dam projects and large-scale water 

exports from the basin had happened in the past, and the 1993 NHP called for still more.  

 Discontent with Spanish water policy had been growing in the region for many years, 

especially among those who had been evicted by the central government as their towns were 

flooded for dam reservoirs.155 However, they were not the ones to spark the beginning of the 

“New Water Culture” movement against the 1993 draft NHP and regeneracionismo – towns had 

been flooded for dams prior to the 1993 draft NHP. Rather, it was scientists, environmentalists, 

NGOs, and regional authorities who were skeptical of the wisdom of yet more water exports. 

The Ebro River region was already struggling to balance past water uses with preservation of 

water quality, sustainable supply, and environmental protection.156 The key NGOs were WWF-

Spain, Greenpeace, and the Confederation of Organizations for Environmental Protection 

(CODA). In time, the University of Zaragoza would emerge as a key provider of scientific and 

economic research.157 These were the stakeholders that created the core of the “New Water 

Culture” movement in Spain.  

The first organizing principle of the New Water Culture believed that new water should 

be secured by water efficiency and demand-side management, rather than building vast new 

infrastructure. Eventually, their beliefs included criticism of the centralized water management 

strategy of the past. By giving more water management authority to the regional and local level, 

they said, would reduce the corruption and inefficiencies of the past bureaucracy. Finally, the 

movement imagined alternative uses for Spanish water other than nation-building, such as eco-

tourism and environmental preservation.158  

 The movement could not have sustained itself with only these stakeholders, because they 

inhabit spheres largely out of the general public awareness. Scientists converse in academic 
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language. The voices of environmentalists and NGOs are inherently biased because of their 

advocacy work. Regional authorities operate within the bureaucratic structure. By 1995, WWF, 

Greenpeace, and CODA had helped citizens organize into The Association of People Affected by 

Large Dams and Water Transfers (COAGRET). COAGRET featured many private citizens who 

had been or were expected to be directly impacted by the construction of dams in the region. It 

also included representatives from local towns, social organizations, and parts of the scientific 

community.159  

 COAGRET was a crucial step in the New Water Culture movement. First, it allowed the 

face of the movement to be ordinary citizens, who are more sympathetic in the public eye than 

bureaucratic, ideological, or technocratic stakeholders. Second, COAGRET pursued the strategy 

of organizing and promoting “social networks” of activists at the local level. Third, these 

activists came from diverse stakeholder groups. Not only were they environmentalists, they were 

also ordinary citizens, rural development advocates, scientists, community groups.160 Knitting 

together a diverse group from across society made it harder to marginalize the New Water 

Culture movement. Fourth, the combined resources, expertise, and perspectives of this new 

group resulted in a flurry of public statements, reports, workshops and seminars, and 

demonstrations criticizing the 1993 draft NHP.161 Finally, the capacity-building function of 

COAGRET precipitated other activism in the area. For example, a 1996 protest in the Mallos 

River Basin used New Water Culture values to argue against water infrastructure construction.  

 At the time that the New Water Culture movement was gaining strength, the ruling 

Spanish Socialist Workers’ Party (PSOE) was struggling politically. The 1993 draft NHP went 

up for approval in the Spanish Parliament in 1995, and failed in both houses of parliament. 

Legislators perhaps felt emboldened to resist the draft NHP due to the falling political fortunes of 

the PSOE. In 1996, the People’s Party (PP) narrowly defeated the PSOE in the general elections. 

The political story, and the story of water management in Spain, becomes significantly more 

complicated from this point, and goes beyond the scope of this case study. Although the draft 

NHP was defeated in 1995, the 2001 NHP (which successfully passed Parliament) contained the 

same capital-heavy, centralized water strategy as the 1993 draft NHP.  Debate intensified, with 

the New Water Culture movement growing in strength and even reaching the ears of the 

European Commission. Slowly but surely, it fought for greater water management authority at 

the local level, and consideration of the environment. Although its work still continues today, the 

success of the New Water Culture movement can be seen in that its philosophies are seen as “an 

essential component of water management debates” in Spain.162 
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Lessons from this case study: 

1) The importance of “policy entrepreneurs”: WWF, Greenpeace, and CODA played a key 

role in the Ebro River Basin / NHP case. Although dissatisfaction about NHPs had been 

brewing the northeast for a long time, this unhappiness did not converge into a movement 

until these NGOs put their energy into the cause. Established interest groups have the 

resources, organizational capacity, and experience to help grow movements. 

2) The biggest victims may not always drive change: The policy entrepreneurs were not the 

stakeholders most drastically affected by the NHP. The biggest victims in this case were 

the environment (which has no human voice), and citizens of small towns flooded by the 

reservoirs (who not only had relatively small influence but were then scattered). Because 

those with the least power often bear the burden of environmental issues, they cannot be a 

consistent catalyst for grassroots change.  

3) Scientific research lends credibility: The language of policymaking is often in science 

and economics. An economics professor at the University of Zaragoza, Pedro Arrojo, was 

instrumental in generating and promoting various scientific papers that examined the 

social and environmental impacts of the NHPs. He was later asked to advise the 

European Commission during its consideration of the 2001 NHP.163 Additionally, 

economic notions of efficiency, and environmental concepts of conservation, were key 

arguments in the 1995 debate around the draft NHP. 

4) Political opportunities are valuable: The 1993 draft NHP failed to pass the Spanish 

Parliament at a moment of weakness for the ruling party. This the New Water Culture 

movement to exert pressure on legislators. These legislators were then torn between two 

forces: responding to constituent pressure, and obeying the ruling party. Since the second 

force was weaker than usual, the New Water Culture was able to take advantage of this 

political opportunity. Thus environmental movements must be aware of when and to 

whom to apply political pressure.  

5) Finally, the role of a movement’s cultural identity cannot be understated: The creation of 

a New Water Culture was not by chance. In fact, the New Water Culture Foundation was 

formally established in 1998 to continue coordinating the movement’s work.164 Humans 

are predisposed to fit into groups, and can instinctively pick up on the values and norms 

of the groups they join. By having a distinct cultural identity, the New Water Culture 

movement could quickly convey a complicated package of policy positions and 

philosophies: environmental protection, rational water planning, decentralized power. In 

forming this distinct identity, it was important that they key stakeholders, such as WWF 

and Greenpeace, coordinated in the language, definitions, strategy, concepts, and 

arguments they put forth in the name of the New Water Culture movement. 165 In addition 

to promoting cohesiveness within the movement, having a common language and identity 

allowed easy networking and idea exchange between stakeholders who might otherwise 

never have collaborated, such as small town leaders and academics.   
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5. Conclusion and Recommendations 

The water situation in Mexico is a complicated puzzle of resource availability and 

socioeconomic wherewithal. The Foundation’s current contributions to solving this problem are 

significant. Considering the size and complexity of the problem, however, the Foundation must 

ensure that the types of projects it is supporting, as well as its internal selection processes, fit 

what are considering “best practices” around the world.  

The Foundation has exerted many efforts in technological-solutions in the past seven 

years. It is recommended for the Foundation to form a strategical partnership with local water-

solution corporations to develop innovative water solutions that can suit to the specific water 

stress in Mexico. It is important to note that the water solutions should be implemented on the 

basis of a good understanding of local water needs as well as economic and social conditions to 

ensure the sustainability of the project in a long term. The Foundation may also would like 

consider to integrate government advocacy, community outreach and educational work along 

with implement on of in-field projects to ensure social, financial, and political success of the 

project.   

Currently, the Foundation has not conducted much work in micro-financing strategy. 

However, this financial mechanism is certainly a great solution to tackle household water needs 

from a financial perspective. This solution helps poor population the most. It is important to 

carefully conduct a market assessment on local needs and demand prior to the establishment of 

such a program.  

The Foundation engages in a large number of community-based projects, particularly 

among rural and indigenous populations. Community-based projects have faced criticism for 

incorporating the “community” element simply to follow the trend, without much forethought. 

Three critical elements promote a successful community-based project. First, the participation 

must be meaningful, with real direct control over project decisions. Second, the project must 

create a sense of ownership over the water project or resource. Third, the project must be adapted 

to the local cultural and socioeconomic context. The Foundation should ask project implementers 

to justify their project with respect to these criteria. 

The Foundation also supports various conferences and events designed to promote a New 

Water Culture in Mexico. The New Water Culture is meant to encourage greater awareness of 

water issues, water conservation efforts, and water quality concerns. The Foundation’s long-term 

strategy can take lessons from the case study of the New Water Culture in Spain, which followed 

a “big – small – big” path. Although it was smaller communities that suffered the most under 

Spain’s water policies, it wasn’t until big NGOs took up their cause that the movement gained 

momentum. Eventually, these big NGOs nurtured the growth of small community groups into 

regionwide organizations. The coalition eventually grew to national and even international 

influence.  
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Currently the Foundation is engaged in large scale ecosystem restoration projects that 

take up a majority of their budget for water projects. These projects are massive in geographic 

and temporal scale. Smaller green infrastructure projects, like constructed wetlands, could serve 

a similar purpose while being more simple, targeted, and low-cost. A good compromise is a 

medium-scale ecosystem restoration project, such as the multi-stage wetland restoration 

SWAMP project discussed in our case study. These projects can still provide the multi-stage 

layered benefits of an ecosystem restoration projects, but at a much more manageable scale and 

cost. Large scale ecosystem projects should be chosen sparingly, using a scientific and consistent 

site selection protocol. Ideally, these projects would also contain a mid- and post-project 

evaluation component.  

We have identified several best practices for each of four different water project types: 

technology-based, microfinance, community-based, and green infrastructure. We hope our 

suggestions will give confidence to the Foundation where they are already doing the rights 

things. We also hope our suggestions will prove useful guidance in areas where the Foundation 

would like to update its practices. The water context in Mexico is a challenging problem, but not 

one beyond Mexico’s capacity to solve. The Foundation has been and will continue to be a 

valuable contributor to what must be a collective solution, inspired by ideas from around the 

world. 

6. Limitations 

 One limitation of this study is that all best practices recommended in our four categories 

are from a global rather than Mexico-specific perspective. Literature review presents the general 

benefits or limitations brought by the practices. Case studies summarizes the lessons learnt from 

a specific project implementation in a specific geographical area. We are not certain about if the 

best practices that we recommend can be as effectively applied in Mexico water context as in 

case studies. More feasibility analysis is needed to answer this question. Furthermore, there are 

potentially other best practices existing in literatures or implemented by global NGOs and water 

service actors but not mentioned in this report. We look forward to the potential missing pieces 

to be filled in future research.  
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APPENDIX 

A.1: Structured Interview Protocol 

 

1. [A brief introduction about our project, including objectives, deliverables, and our client 

(Fundacion Gonzalo Rio-Arronte).] 

a. Any concern on information sharing with researchers or our client?  

2. We’d like to ask you a series of questions about your NGO. 

a. Could you tell us what is its overall mission, and its goals? 

b. What are its major project areas? 

c. In what regions of the world does it operate? 

d. What is its annual budget? 

3. Of the following types of water-related projects, which have your organization conducted 

within the last 10 years?  

a. Green infrastructure, technology-based solutions, microfinancing programs, 

community education and outreach programs.  

 

** First, we'd like to ask you about a current water-related project ** 

[This may be a water project we’ve already selected, or we may ask interviewees to volunteer a 

water project that they would like to talk about] 

4. We’d like to ask you some questions about outcomes and impacts: 

a. What is the main problem the project is trying to address? 

b. Any unique solution/mechanism/technique to help make the project more 

successful? 

c. What are the key success metrics of this project, and how are they measured? 

d. What is the lifetime of the project, and how self-sustaining / long-lasting are its 

benefits? 

e. What is the geographic scale of these impacts? 

f. How do you think the project contributes to the solution in a larger scale 

(regional/national)? 

g. Does this project have any indirect or secondary benefits? 

i. For example: alleviate poverty, improve human health, increase household 

income etc.  

h. What are the main obstacles to success for this project? 

i. Do you think the project has the potential to apply to the Mexico water context? 

 

** Next, we’d like to ask you about water projects more broadly. ** 

5. In your experience, do you see any trends in the water projects being funded by NGOs 

around the world?  

a. Is any particular type of water project seen as cutting edge or innovative? 

6. Could you share how your organization weighs these factors when your organization is 

evaluating funding proposals? 

a. Geographic location 
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b. Types of projects 

c. Funding request amount 

d. Ease of measuring outcomes 

7. Could you share your organization’s perspective on the limitations of certain project 

types and approaches? 

8. We’d like to ask you some questions about what we call “social return on investment”, or 

how much ‘good’ a project does compared to its project cost. 

a. Is the return different for different amounts of funding? I.e., are there economies 

of scale? 

b. Are certain types of projects better at a large scale vs. a smaller scale? 

9. Resources to share: 

a. Do you have any documentation (website/report/newsletter) that you would share 

with us about the project? 

b. Do you have any contract or NGO that you would recommend us to reach out? 

c. Do you have any literature or reports that you would like to share with us? 

10. Before we finish, is there anything you would like to add to what we’ve talked about 

today? 

 

[Close-out / Debrief] We’d like to thank you for your time today. As a final question, we’d like 

to ask if you could share any resources that might be of further help to us. 

 

A.2: Ecosystem Restoration Site Selection Protocol from Comín et al (2014) 

(Adapted from Comín et al (2014)) 

1) Use the Soil and Water Assessment Tool (SWAT), or another hydrological modeling 

program, to model water flow and pollutant discharges in the area of interest.  

a. This requires moderate data gathering of water variables on the river 

(temperature, specific conductivity, pH, dissolved oxygen, pollutants) and 

pollutant discharge data (e.g. estimates from nearby farmers).  

b. Another data input is maps of soil type, elevation, terrain slope, and climate 

characteristics. 

2) Use the modeled water flow to determine the sub-watersheds that drain into the river. 

These are all potential ecosystem restoration project sites. 

3) From the potential project sites, filter by the amount of pollutant flowing through them. 

High pollutant flow sites are desirable. 

4) For each of the desirable project sites, estimate the area of surface-flow wetland required 

to remove pollutants to a desired level.  

a. Comín et al use the equation A = (0.0365 Q/k) × (ln(Ci − C*/Co − C*) from 

Kadlec and Knight (1996)166, where A is the necessary wetland area, Ci is the 

pollutant concentration at the inlet (mg/L), Co is the target pollutant concentration 

at the outlet, C* is the base-flow pollutant concentration in a surface flow-

                                                 
166 Robert H. Kadlec and Robert L. Knight, Treatment Wetlands, first ed., 1996. 
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wetland, Q is the water flow rate (m3 / day), and k is an empirical constant, 35 

m/year. 

5) Consider the social feasibility of acquiring the plots of land necessary for the desired 

pollutant level.  

6) Consider the financial feasibility of acquiring the plots of land necessary for the desired 

pollutant level, as well as the project costs.  

 

A.3: Recommendations from the Research Literature  

Technology-Based Solutions 

1) Rainwater harvesting systems are widespread for a reason: Rainwater harvesting system 

is the most commonly implemented technology-based solutions by global NGOs to 

improve water access in marginalized communities. Its effectiveness has been confirmed 

in both academia as well as practical arena. 

2) Effectiveness depends on local ecological context: The water sources of a rainwater 

harvesting system mostly depend on local water (precipitation and snow-melt). A good 

knowledge of local hydrological conditions are essential to the success of a rainwater 

harvesting system.  

3) Effectiveness can be boosted: Runoff inducement technology is important to increase the 

amount of water to be collected to initiate a runoff.  

4) Rainwater harvesting is not the only step: Storage and conservation component is a vital 

step to ensure the quality of harvested water. An enclosure should be installed to keep 

water safe from human, environmental, and wildlife contaminants. Other water 

infiltration technology should also be implemented to keep the collected water safe for 

drinking.  

 

Micro-financing 

1) Micro-financing can have social justice goals: Micro-financing is an effective tool to fill 

the gap of the financial need for water and sanitation in household levels, especially for 

population at the bottom of the pyramid.  

2) Micro-financing can be effective water interventions: Microloans distributed to 

individual households can give the household the opportunity to use the investment 

wisely and accounting for their specific water and sanitation loans.  

3) Several key design factors exist: The success of micro-financing program replies on many 

factors including sufficient market demand, credibility of the financial institution, a 

positive financial return etc.  

4) Micro-financing has important caveats: A limitation of micro-financing is its limited 

applicable geographical region. There has to be sufficient market demand for such a 

program to exist. In addition, it is important to keep a high repayment rate during the 

implementation of the program.   
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Green Infrastructure 

1) Constructed wetlands are a low-cost, decentralized option for water quality 

improvements: After an initial startup cost, constructed wetlands can be maintained for 

very little cost and with minimal training.   

2) Different constructed wetland designs have different strengths: All designs are extremely 

effective at removing organic wastes, fecal bacteria, and suspended solid particles. They 

have varying effectiveness at removing total nitrogen and total phosphorus. 

3) Choose ecosystem restoration projects carefully: The Foundation should require, where 

possible, that ecosystem restoration projects have followed a site selection protocol. This 

should include at minimum a declaration of goals and a justification of scale. Ideally, the 

analysis would be driven by ecological models and geospatial analysis to choose the most 

effective and cost-effective sites for the desired impact. 

4) Ecosystem restoration projects should be designed scientifically: Project goals should be 

tied to specific measurable outcome metrics. Evaluation should occur before, during, and 

after project implementation to measure the project’s impact.  

Community Engagement and Capacity Building 

1) Ensure participation is meaningful: Give community members some actual influence on 

project decisions, or important tasks in construction or administration. This not only gives 

them practical experience in maintaining the project, but also increases their feeling of 

ownership. 

2) Build local knowledge and expertise: Provide management and technical training to local 

leadership. Educate regular citizens on why the water project is an important 

improvement. 

3) Create a clear set of organizational rules: Being clear about procedures and transparent 

about operations will minimize conflicts, and help conflicts resolve quickly. 

4) Provide local training: Follow-up visits providing training were more effective at 

preserving project impacts than repair visits. For simple projects, trained local managers 

and technicians can be effective and empowering. 

5) Adapt to the local history and context: There is no “one-size-fits-all” for community-

based projects. Local histories of conflicts can make community-based projects difficult. 

Investigate the local history first, then adapt the design to empower the unempowered, 

and reconcile local differences. 

 

A.4: Lessons Learned from Case Studies 

Technology-based Solutions: WaterAid and its sustainable WASH program in Nicaragua 

1) Technology is not a magic fix: It is important to conduct thorough background research 

on local economic conditions, social contexts, and water culture in the beginning of the 

implementation of the technology-based project.  
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2) The best technology can differ by local context: A good understanding about local 

context can help the NGOs to identify the most effective water solutions to tackle local 

water and sanitation needs.  

3) Technology alone is not as effective: An integrated approach that incorporates 

technology-based solutions with public advocacy, community-based outreach, and 

educational work is vital to the longevity and the success of the project.  

4) Local resources must be mobilized to support the technology: In the process, involvement 

of local government officials, municipal officials, teachers in the school, community 

leaders, private corporations, and financial institutions can be vital to the success of the 

project.  

 

Micro-financing: Water.org and their WaterCredit Initiative 

1) Pay-It-Forward is a successful model: The pay-it-forward system of WaterCredit is the 

key to ensure the maximum number of households in the local regions to be served by the 

micro-financing program.  

2) Choose local on-the-ground partners wisely: Strategical partnership is an important step 

for Water.org to increase its program capacity and enlarge its program impacts across 

different geographical regions.  

3) Initial steps affect long-term viability: Market assessment, risk assessment, solid partners, 

and a proper start-up of the financial portfolio are vital factors to the success of micro-

financing program.   

 

Green Infrastructure: Small-scale green infrastructure projects for local water quality 

improvement 

1) Small scale projects can be effective: Rather than large-scale ecosystem restoration 

projects, smaller targeted restoration projects can be both effective and cost-effective. 

2) Multi-stage projects can layer the strengths of different designs: The different phases of 

the SWAMP project served different purposes. The restored stream slowed streamflow, 

the retention pond settled sediments and nutrients, and the constructed wetlands 

metabolized pollutants. Together, these components greatly improved water quality 

entering the downstream drinking water reservoir. 

3) Scientific site selection and project design boosts effectiveness: The planning and study 

phase were driven by scientists. The project site was selected to maximize potential water 

quality impact: Sandy Creek was chosen because it received a large amount of runoff 

from nearby lands, and then delivered that polluted water to a drinking water reservoir.  

4) Monitoring outcome metrics is important: The SWAMP project proved to have an impact 

on water quality outcomes in a large geographic zone. However, these impacts would not 

have been known without pre- and post-testing protocols.  
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Community Engagement and Capacity Building: “La Nueva Cultura del Agua” in Spain 

1) The importance of “policy entrepreneurs”: WWF, Greenpeace, and CODA played a key 

role in the Ebro River Basin / NHP case. Although dissatisfaction about NHPs had been 

brewing the northeast for a long time, this unhappiness did not converge into a movement 

until these NGOs put their energy into the cause. Established interest groups have the 

resources, organizational capacity, and experience to help grow movements. 

2) The biggest victims may not always drive change: The policy entrepreneurs were not the 

stakeholders most drastically affected by the NHP. The biggest victims in this case were 

the environment (which has no human voice), and citizens of small towns flooded by the 

reservoirs (who not only had relatively small influence but were then scattered). Because 

those with the least power often bear the burden of environmental issues, they cannot be a 

consistent catalyst for grassroots change.  

3) Scientific research lends credibility: The language of policymaking is often in science 

and economics. An economics professor at the University of Zaragoza, Pedro Arrojo, was 

instrumental in generating and promoting various scientific papers that examined the 

social and environmental impacts of the NHPs. He was later asked to advise the 

European Commission during its consideration of the 2001 NHP.167 Additionally, 

economic notions of efficiency, and environmental concepts of conservation, were key 

arguments in the 1995 debate around the draft NHP. 

4) Political opportunities are valuable: The 1993 draft NHP failed to pass the Spanish 

Parliament at a moment of weakness for the ruling party. This the New Water Culture 

movement to exert pressure on legislators. These legislators were then torn between two 

forces: responding to constituent pressure, and obeying the ruling party. Since the second 

force was weaker than usual, the New Water Culture was able to take advantage of this 

political opportunity. Thus environmental movements must be aware of when and to 

whom to apply political pressure.  

5) Finally, the role of a movement’s cultural identity cannot be understated: The creation of 

a New Water Culture was not by chance. In fact, the New Water Culture Foundation was 

formally established in 1998 to continue coordinating the movement’s work.168 Humans 

are predisposed to fit into groups, and can instinctively pick up on the values and norms 

of the groups they join. By having a distinct cultural identity, the New Water Culture 

movement could quickly convey a complicated package of policy positions and 

philosophies: environmental protection, rational water planning, decentralized power. In 

forming this distinct identity, it was important that they key stakeholders, such as WWF 

and Greenpeace, coordinated in the language, definitions, strategy, concepts, and 

arguments they put forth in the name of the New Water Culture movement. 169 In addition 

to promoting cohesiveness within the movement, having a common language and identity 

allowed easy networking and idea exchange between stakeholders who might otherwise 

never have collaborated, such as small town leaders and academics.   

                                                 
167 Font and Subirats 2010. 
168 Font and Subirats 2010. 
169 Tàbara and Ilhan 2008. 
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