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Abstract 
 

Water crisis is global and drives huge environmental, social and economic challenges. Human impact 

on water resources is established. Adaptive policies are attempts to renew water management practices 

in order to preserve the ecosystem’s contribution to water quantity and quality and more generally to 

climate resilience. Adaptive policies main challenges are to limit negative externalities that affect the 

common resources and to develop sustainable practices and behaviors supporting ecosystem’s 

contributions. The established mind set of Presumption of Innocence - not to act before significate 

scientific proof – combined with the transnational scale of decision making challenge adaptive policies 

implementation. Even though the necessity of adapting is recognized, scientific controversies on 

Climate Change’s impact on water resources deter policy makers to engage in long term investments. 

The developing of adaptive water management policies requires a change of mindset toward the 

Precautionary principle. Collaborative science succeeded in opening scientific controversies to a 

broader public and resulted in building collective support for political action. This research analyzes 

how Brazilians deal with water issues to suggest how a collaborative water monitoring model could be 

implemented . 

 

KEY WORDS: sustainability, water management, entrepreneurship 

 

Resumo 

A crise da água é global e impulsiona enormes desafios ambientais, sociais e econômicos. O impacto 

antrópico sobre os recursos hídricos é estabelecidoa. Políticas adaptativas são tentativas para renovar 

as práticas de gestão da água, a fim de preservar a contribuição ecossistêmica  para a quantidade e 

qualidade da água e, como consequeência, a resiliência do clima. O principal desafio das políticas 

adaptativas  é limitar as externalidades negativas que afetam os recursos comuns e desenvolver 

práticas sustentáveis e extimular comportamentos de apoio às contribuições ecossistêmicas. A mente 

estabelecida definida da presunção de inocência - não agir antes de uma prova científica significante - 

combinada com a escala transnacional de tomada de decisões sobre a implementação de políticas 

adaptativas. Mesmo que a necessidade de adaptação seja reconhecida, as controvérsias científicas 

sobre o impacto das mudanças climáticas sobre os recursos hídricos dissuadir os tomadores de decisão 

a se envolverem em investimentos de longo prazo. O desenvolvimento de políticas adaptativas de 

gestão da água exigem uma mudança de mentalidade segundo o Princípio da Precaução. A ciência 

colaborativa conseguiu abrir controvérsias científicas a um público mais amplo e resultou na 

construção do apoio coletivo necessário para a ação política. Esta pesquisa explora a oportunidade de 

levar a população a participar do monitoramento de água e avalia como um modelo de collaboração da 

população para resolver as questões da água 

. 

PALAVRAS CHAVE: sustentabilidade, gesstão da água, emprendedorismo 
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Introduction: toward a collective approach for water management 
 

Newton de Lima Azevedo, Brazilian water governor and organizer of the for coming World Water 

Forum in Brasilia in 2018 claims that water experts should open their debates to water drinkers
1
. His 

position attests of the growing interest for participatory practices and collaborative management in the 

area of sustainable development. This work evaluates the drivers of citizen collaboration to water 

management in order to suggest how citizen collaboration could contribute to develop adaptive water 

policies. 

The term Anthropocene was popularized in the late twentieth century by the meteorologist and 

atmospheric chemist Paul Crutzen, Nobel Prize in Chemistry in 1995, to designate the new geological 

epoch of Earth history that began when human activities started impacting the Earth's ecosystems 

globally. Since the end of the eighteenth century the influence of humans on the Biosphere has reached 

the magnitude of a "geological force" as mankind became able to significantly modify the lithosphere 

(CARRINGTON, 2016).  As a result, policy makers must consider the environmental bottom line to 

sustain social development over time (DIAMNOND, 2005). 

Integrating the environment in decision making process requires a proper model of understanding of 

human interactions with the Biosphere. The Gaia theory (LOVELOCK, 1972) models the Biosphere’s 

equilibrium assessing ecosystems contribution to minimize the planetary entropy. According to this 

theory, human activities contribute to the energy balance of the Earth system. Though at planetary 

scale, management should seek to minimize human activities impact on the Earth system entropy. 

Schumacher’s theory of economics (SCHUMACHER, 1973) is an attempt to traduce the Gaia theory 

into a management strategy.  Schumacher focuses on balancing the interactions - energy flows - 

between ecosystems and human activities. According to Schumacher, management has the task of 

balancing two economies:  

 The first economy, the economy of Nature ecosystems’ whose rough production provides the 

necessary inputs to the second economy.  

 The second economy, the traditional human economy of products and services that relies on 

the inputs the first economy.  

According to Schumacher (1973), the two economies are intrinsically connected and subjected to 

complex interaction loops. Mismanagement of the primary economy conducts to the shrinking of 

ecosystems’ contributions to the second economy that at some point cannot be replaced by human 

labor (Stern, 2007). In conclusion, it is imperative for management to maintain the production of 

                                                     
1
 Literally “quem bebe agua”, Informal interview in Belem, 12/06/16 
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primary good to sustain the secondary economy. This idea is resumed in the following quotation of 

J.M Greer : 

 

“To an organic farmer, land is not a commodity that can be owned but a 

community with which he interacts, and that community has its own 

economy on which farmer’s economy depends” 

J.M Greer, The wealth of nature – Economics as if survival mattered, 2011 

Water flows interconnects the different ecosystems, water is a universal mediator comparable to the air 

of the atmosphere (UNESCO, 2015). Human activities impact the water quality and quantity available 

to the first economy as they not only consume water but impact the nutrients and molecules available 

for the ecosystems (Figure 1). Agriculture accounts for 70% of the human world water consumption 

and deeply modifies the cycles of carbon, phosphor and azote that are essential inputs (nutrients) for 

the first economy. Industrial processes represent 20% of the human world water consumption and 

releases toxics, hormone and heavy metals in waters. Finally, human water consumption accounts for 

10% of human world water consumption and impacts primary economy releasing of Personal Care 

Products, hormone and organic material that contaminates water resources (HOLM, 2011).  

 

Figure 1“Water for people, water for life” United Nation World Water Development Report, UNESCO, 2007 

Planetary eutrophication attests of the negative impact of human activities on the first economy’s 

aquatic ecosystems (ROSENBERG, 2008). The spreading of oceanic dead zones is of greater concern 

since these ecosystems produce two third of the total contribution of the first economy to the second 

(GESAMP, 2001a). The water cycle connects marine with terrestrial ecosystems. Marine ecosystems 

disruption at global scale attests of the general mismanagement of water and the deep 

misunderstanding of the interactions between the first and the second economy. 

“Over 80% of marine pollution comes from land-based activities, including 

fertilizers, pesticides, sewage, garbage, plastics and oil. Disposal at sea of the most 

toxic materials was banned by the 1972 London Convention, with more restrictions 

added in 1996. However, the toxins already present, combined with the unregulated 

dumping of ‘emerging chemicals’ and ubiquitous plastic pollution, remain a major 

challenge.” 
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Global Ocean Commission report February 2016 

Water is condition to sustain ecosystems and their services that are precious for humans. Deterioration 

of wetlands in the world reduces ecosystem's ability to purify water and thought to furnish water to 

human populations. As 633 million people worldwide still lack access to a source of drinking water, 

the environmental and social impacts of water management must be connected (UNICEF, 2015). 

Unequal access to water resource is symptomatic of the second economy inequalities opposing the 

Northern and the Southern countries as well as urban and rural areas. At the individual level, 3.5 

planets earth would be required if the entire world population consumed as much water as an average 

European or American. A child from a rich country consume up to 30 times more water than a child 

from a poor country. 96% of the urban population has access to drinking water while 80% of rural 

population has no access to safe drinking water (ANA, 2010). 

Reestablishing equal access to water inside the second economy has been established as a condition of 

the Millennium Development Goal: 

"Safe drinking water and adequate sanitation are crucial for poverty 

reduction, sustainable development and the achievement of each and every 

one of the Millennium Development Goals."  

Ban Ki-moon, UN Secretary General, 2007 

The target for the reduction of people who do not have access to treated water was achieved in 2010, 

five years ahead of the UN schedule. Thus, more than 2.6 billion people gained access to treated water 

since 1990, representing a reduction of more than half of this total. But still 3.5 million people die in 

the world for problems related to inadequate supply of water per year (UNICEF, 2015). More than 1.5 

million children under five years die worldwide each year from problems related to inadequate supply 

of water. 10% of the diseases recorded around the world could be prevented if governments invest 

more in access to water, hygiene and sanitation. Diarrhea kills 2,195 children a day. This figure 

represents more victims than AIDS, malaria and measles combined. Improper water management is 

the second cause of death among boys and girls between 1 month and 5 years in the world (UN, 2015). 

Water management faces the difficult task of balancing economic, social and environmental policies 

issues. Ideally, it should guarantee equal access to healthy water and maximize the utility of 

distributing the resource between competitive second economy actors and first economy ecosystems. 

Adaptive water management focuses on preserving water resource continuity when flowing from 

primary to second economy and vice versa. Watershed management emerged as the relevant territorial 

unit to manage water interactions at the scale of hydrological processes (CWP, 2014). However 

watershed delimitations often overlap with national and administrative boundary taking water 
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management at the complex transnational and trans administrative scales. The Global Ocean 

Commission stressed the dire necessity to accrue collaboration between the intricate management 

pyramids (GOC Report, 2016) to develop and enforce new managing practices. 

Water management is confronted with two crisis: 

- Water availability: climate changing and growing human consumption affects water 

availability. As hydrological patterns are modified, the traditional command and control 

processes become inappropriate to manage the resource (Marengo, 2008).  

- Water contamination: growing water uses intensify pollutants release whose impacts on 

human health and ecosystems are highly controversial. Legislation on pollution norms do not 

assess the cocktail effect of mixed and diluted toxics as revealed the report of the Foundation 

France Liberty (FL Report, 2013). Sanitation processes are inadequate to treat the whole range 

of contaminants and reveals strong inequality between countries.  

Water policies are put at issue by the lobbying forces of opposing water users. Water experts have 

developed collective approach to water management in an attempt to conciliate the actors integrating 

population in the decision making processes of balancing the two economies.  

The two “letter for the waters” signed at POLLUTEC (April 2016, Sao Paulo) and ACODAL (August 

2016, Cartagena) water and sanitation conferences (Annex 2) attest of the will of management to 

integrate the South-American civil society in the managing practices. The Rumo a Brasilia 2018 

preparing events to the Word Water Forum in Brasilia 2018 are attempts to take excluded populations 

and young generation to participate in making an overall agreement on water value. These events 

attests of the will of management to mobilize citizens on water issues to build the support for adaptive 

water policies adapted to balance the two economies’ needs (RumoaBrasilia, 2016). 

This work analyzes how initiating collaboration between water management and water drinkers could 

contribute to improve water quality and describes an operational strategy to develop collaborative 

water management in Brazil. To reach these objectives the text was divided in 4 chapters.  

In the first chapter the literature review analyzes the global water issues and how they manifest in 

Brazil. The review suggests how collaborative approaches to water management could be beneficial in 

the Brazilian case. The second chapter presents the methodology used to assess users’ perceptions of 

water issues and collaborative management. The third chapter describes a model of understanding of 

water users participation in water management. The fourth chapter describes how the model was 

applied to develop a collaborative water quality monitoring pilot project and the strategy to scale it up. 
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Chapter 1. Collaborative approaches for an adaptive water management  

 

This chapter reviews the issues of water management at global and Brazilian scales. It assesses the 

available tools for management to regulate water uses and stresses the limitations of economic tools to 

manage water. It introduces the theoretical foundation of collaborative policy making to concludes on 

how participative sciences could help building adaptive water policies.  

1. Water resources’ management: a global and rising issue 

 

Water is the most crucial inputs to the second economy. It sustains the most basic human drinking and 

hygiene’s needs, as well as agricultural, industrial and power productions. All these activities can only 

take place if there is water in sufficient quantity and quality to be drawn from rivers, lakes and 

aquifers.  

Water scarcity (Figure 2) affects economic development and social welfare around the world. Climate 

Change combined to the growing water demand of the second economy raise the concerns about future 

available volumes. Second economy releases heavy metals, hormona, agrotoxics, drugs and chemicals 

in streams without appropriate sanitation treatment. These outputs contaminate water and threaten first 

economy necessary inputs to sustain human activities. Expected human population and economic 

growth pressure water management to assure water availability and water quality in a context of 

depletion of the resource (SCHEWE & HEINKE, 2014). 

 Figure 2 Water Stress forecast, UN WATER report 2013 
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Water availability is affected by water consumption and Climate Change. Water consumption has 

grown at a rate two times higher than the population growth rate. Although the resource is abundant in 

some parts of the world, it is estimated that by 2025 approximately 1.8 billion people will live in 

countries or regions with absolute water scarcity while two thirds of the world population may 

experience water stress (UN WATER, 2013). 21 of the 37 larger aquifers in the world are being 

depleted (Figure 3), that is, had more water being removed from that restored during the last decade 

(NASA, 2015). This global trend is a huge concern since the dependence on groundwater should 

increase in the future. 

The other factor affecting water availability is Climate Change that reduces water supply coming from 

rain and melting snow and increases demand during with warmer periods. Climate Change should 

further exacerbate water shortages in both global and regional terms, causing 15% additional of the 

world's population to be exposed to significant decreases in the amount of water, and increasing the 

number of people living in conditions of absolute water scarcity to 40% when compared to scenarios 

considering only population growth (SCHEWE & HEINKE, 2014). Considering both rising demand 

and depleting resources, "the world is about to face a global water deficit of 40% by 2030," warned the 

UN experts in March 2016 (LEMONDE, 2015).  

The Californian water crisis is an example of how both factors combine. The state faces an intense 

water crisis, 60% of the water consumed comes from aquifers being depleted. One of the reasons why 

California is facing a dramatic water situation is the fall of the volume of water coming from the snow 

melting. Snow accumulation time as well as snow precipitation have critically reduced during the last 

decade due to higher temperatures in the winter months. This situation should be increasingly common 

for regions relying on snow for their water supply. 

 

Figure 3 Groundwater stress - Consumption of aquifer’s annual recharge, Le Monde 13.04.2015 
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Brazil detains nearly 13% of the surface water resources of the planet. However, 73% of Brazilian 

water resources are located in the Amazon basin, where only 4% of the Brazilian population lives. The 

average water consumption of Brazilians in 2012 was 167,5 liters per capita per day (4.9% increase 

compared to 2011). The region with the lowest consumption is the Northeast, with 131.2 liters per 

capita per day; the region with the highest consumption is the Southeast, with 194.8 liters per capita 

per day (NSIS, 2012). 

Another issue, related to water contamination, is access to sewage. In the last survey conducted by the 

World Bank regarding the development of sanitation, Brazil was ranked 112th. Only 46.8% of the 

country’s population has sewage services and only 62.9% of the sewage is treated (PNSB, IBGE, 

2010). In other words, only 29.44% of the sewage produced by around 200 million inhabitants is 

collected and treated. That is a shocking number. (CARVALHO, 2014):. 

In 2012, about 300,000 workers were kept away from work for diarrhea and this result in the loss of 

900,000 days of work. The likelihood of a person with access to sewage miss their normal activities by 

diarrhea is 19.2% lower than a person who does not have access to the network (OMS, 2014).  

In 2013, the Ministry of Health (DATASUS) has reported more than 340,000 hospitalizations for 

gastrointestinal infections in the country. The cost of hospitalization for gastrointestinal infection in 

the Unified Health System (SUS) was about R $ 355.71 per patient in the national average. If 100% of 

the population had access to sewage collection this would result in a reduction in absolute terms, of 

74,600 admissions (TRATA BRASIL, 2015).  

In the touristic sector, it is estimated that the universalization of sewage collection would create nearly 

500,000 jobs (hotels, inns, restaurants, travel agencies, passenger transport companies, etc.). Access to 

sewage network would contribute to valuation of the properties up to R $ 178.3 billion and partially 

offset the cost of the universalization of sanitation in Brazil, estimated at R $ 313.2 billion (NHS, 

2013). 

In 1977 the Federal Government published the first norm to regulate drinking water quality in Brazil, 

Ordinance 56/1977 obliged water treatment companies to monitor 12 types of pesticides, 10 inorganic 

chemicals (heavy metals) and organic chemical solvents. In 2011, Ordinance 2914/2011 established by 

the Ministry of Health, determined the monitoring of concentration levels of 27 types of pesticides, 15 

inorganic chemicals (heavy metals), 15 organic chemicals (solvents) and seven chemicals that come 

from household disinfection and in the water. This increased number reflects the growing concern of 

human impacts on water quality and water ecosystems. Monitoring activity is the task of state 

agencies. 

Diecson Ruy Orsolin da Silva (Federal University of Pelotas) monitored the occurrence of pesticides, 

associated with rice cultivation in surface water in seven regions of southern Brazil during the 
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2007/2008 harvest (Da Silva, 2011). Of all detected products - clomazone, quincloraque, penoxsulam, 

imazethapyr, imazapic, carbofuran, 3-hydroxide-carbofuran, fipronil and tebuconazole – only the 

carbofuran is monitored by sanitation authorities. This result shows that many of the second economy 

outputs affecting the aquatic environments are not monitored nor treated by water treatment 

companies. 

There is a difference between the contaminants monitored by the World Health Organization (WHO, 

2011) and those listed in the Brazilian ordinances. The WHO includes a much larger number of 

chemicals. The Public Health Brazilian Association questions this discrepancy: "Why monitor less 

than 10% of the active ingredients
2
 officially registered in the country. The case of bentazone 

described as an agrochemical of toxicological class I - extremely toxic and harmful - but not 

mentioned in the order of the Ministry of Health is emblematic. The manufacturers themselves suggest 

that bentazone can cause harmful effects on the aquatic environment and that he product is dangerous, 

highly persistent in the environment and has a high potential for displacement in the soil and risk to 

reach groundwater. It also has the feature of being highly persistent in the environment” (Gizmodo, 

2014).”  

In Brazil, the lack of sewage infrastructures and flexible legislation does not allow to preserve the 

resources from obvious contamination sources. Water becoming scarcer due to Climate Change and 

growing consumption, management is pressure to guaranty access to clear water.  

2. Water management and economic pressures 

 

Water is central to gigantic markets. In a report published on May 2016, the World Bank (2016) 

emphasized the "formidable threat" posed by the scarcity of water resources. Some regions 

exacerbated by Climate Change and economic growth could accuse a 6% decline in GDP. At the 

world scale, the weight of hydrology in the average annual number disaster of any kind has doubled 

compared to 1980 (Figure 5). 

                                                     
2
 Active ingredient are a substances that have some kind of effect on living organisms 
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In Brazil, some regions have faced water shortages as the country went through the more severe 

drought period over a 35 years period (Figure 4). Comparing to historical levels, the Southeast and the 

Northeast regions have lost respectively 56 and 49 trillion liters of water during the last three years 

(TRF, 2015). These regions of Brazil have demonstrated how vulnerable they are to shortages of 

events: a reduction of 20 to 23% of the volume of the rainfall in a period of two years triggered water 

scarcity. 

Traditionally, when facing a shortage event, water managers seeks to expand the available supply for 

the second economy. Such supplied oriented policies consist in developing infrastructure such as 

dams, desalination plants, deeper wells etc. However the technology deployed for the exploitation of 

new resources has a negative impact on the first economy and the water produced has less and less 

value as the incremental supply is ineluctably overcome by a constantly growing demand (ZETLAND, 

2014). Finally, exploitation of nonrenewable water resources such as deep aquifer limits the 

availability of water for other users and future generations. 

The increasing pressures on water resources have led various jurisdictions to consider different options 

and mechanisms to increase efficiency in water uses and contain the water demand. Among these 

options, the use of economic instruments to administrate the competition of water users has been 

highlighted. 

3. Economic tools for water management 

 

Economic instruments are the available tools for authority to regulate a market. These instruments are 

commonly used in economic goods regulation. The basic idea is to use regulation to allocate water to 

the most productive users and maximize the resource utility inside the second economy.   

The concept of water as an economic good was introduced during the International Conference on 

Water and the Environment in Dublin in 1992 that stated: “Water has an economic value in all its 

Figure 4 Effect of the drought on the 

soil, State of Sao Paulo, August 2014, 

N.Almedia / AFP 
Figure 5 number & cost (Millions $) of hazards to world economy. 

Hydrological hazards are in blue, World Bank 2016 
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competing uses and should be recognized as an economic good” (ICWE, 1992). The reasons for such 

recognition are straightforward. Economy is the discipline dealing with allocating scarce goods. 

Defining water as an economic good suggests that water can be allocated using economic theories. 

Considering water as an economic good allows modeling water demand using classical theory. For 

example, shortage events can then be simply modeled as episodes when quantities demanded exceed 

offer to current prices. 

Higher frequency and severity of water scarcity events have lead society and water managers to face 

the difficult task of allocating the resource to multiple competing users (ZETLAND, 2014). The 

allocation of surface water in the absence of storage, involves the distribution of a fixed supply among 

the users. Surface water is renewable on a yearly base defined as “hydrological year”, since the 

hydrological processes generating water flux are independent on a yearly base. Using this resource 

does not arouse intergenerational issues: the future supply depends on future natural phenomena, 

especially precipitation, not on present consumption. Aquifer water withdrawal affects the amount 

available for future generations. Indeed aquifer’s recharge is a slow process whose time exceeds 

generation renewal.  

This difference has consequences on the criteria to be used for allocating water and designing the 

instruments to address shortage events. For example, allocating free access to an aquifer is likely to 

lead to direct depletion of this resource as there are no incentives for the users to preserve future 

consumption and recharge is too slow to compensate catchment. (TIETENBERG & LEWIS, 2012). 

Methods for allocating water are sensitive to social, physical, institutional and political aspects and 

pay specific attention to the local context (JOHANSSON & TSUR, 2002). Criteria that may be 

considered for the allocation of rights for using of water are: flexibility; security of property; reflection 

of the opportunity costs; predictability; efficiency; equity; public and political acceptance; 

effectiveness; administrative feasibility; and sustainability (LE MOINGE & DINAR, 1995) 

(BACKEBERG, 1997).  

For example, with regard to urban water supply, there is a tendency of households with lower income 

to respond more intensely to the prices of water. If the management of water resources is carried out 

only via price increases, it is likely that the poorest population contribute to larger share of the 

reduction of consumption (RENWICK & ARCHIBALD, 1998). Discussions about the price structure 

and compensation mechanisms for families with lower income are crucial concern for an equitable 

management. Price based approaches can be designed with the express purpose of being progressive. 

For example, profits resulting from the price increase of the use value of water can be returned to the 

user in the form of a rebate on sanitation (OLMSTEAD & STAVINS, 2007).  
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Economic and institutional approaches to balance supply and demand consider two ways for achieving 

a more efficient use of water: 

• Increasing the technical efficiency of the resource consumption using more efficient technologies, 

such as drip irrigation rather than flood and sprinkler irrigation save water. 

• Reallocating water uses to support activities that generate more value (ALLAN, 1999). 

These two concepts should not be seen as exclusive. Promoting water efficiency requires investments 

to develop more efficient technologies, as well as financing capacity making and training of the 

agricultural and industrial users. Technological changes require time to bring social benefits. In the 

short term efficient allocation equalizes the marginal benefits of water use among the user and 

maximizes the welfare of society, given existing technologies and offer.  

For the following discussion, it is important to note that the cost of water is divided in two components 

that will inevitably be paid by user, taxpayers or future generations (GRIMBLE, 1999): 

• Cost of distribution (including investment, fixed costs) operating and maintenance (variable costs);  

• Opportunity cost to reallocate one’s water use to another user. When the resource is not renewable 

(aquifers), the opportunity cost is imposed to future generations. 

Economic instruments influence market prices to ensure a more efficient allocation of water resources 

and properly reflect these costs to users and society. Efficient allocation of surface water faces two 

major challenges: 

1. Balance concurrent users. In this respect, water should be allocated in order to equalize the 

marginal benefits of all users. That is, users who can easily find substitutes or save water should 

receive proportionately smaller allocations (ZARNIKAU, 1994). 

2. Integrate the annual variability of the water flow. Precipitation, evaporation and runoff vary 

from one year to the other: there is less water to be distributed than in others during dry year. An 

efficient system should be able to anticipate and allocate both amounts above and below the average 

(TIETENBERG & LEWIS, 2012). 

To enforce an efficient allocation of water from aquifers, prices should rise over time until the moment 

that: i) the resource is completely depleted; ii) the marginal cost of acquisition (extraction) becomes 

prohibitive; iii) the marginal cost of obtaining it becomes equal to the next least expensive source of 

water. An efficient allocation should also integrate the opportunity cost associated with non-

availability of water use in the future (TIETENBERG & LEWIS, 2012).  
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Although desirable, the implementation of water pricing policies is a challenging task as the 

opportunity costs associated with water uses are extremely difficult to quantify. In conflictual 

situations, independently of the water source considered, efficient allocation of water has not occurred 

due to legal and institutional barriers. However the literature, both in theoretical and empirical terms, 

suggests that environmental policies based on economic instruments are more cost-effective than 

traditional offer and command-control policies (OLMSTEAD & STAVINS, 2007). 

4. Instruments for water demand management  

 

Command and control systems offer little flexibility and incentives for innovation. Increasing water 

supply does not ensure that the most efficient solutions and technologies are adopted to optimize water 

uses. In addition, such polices require monitoring infrastructures and entail high administrative and 

maintenance costs (CANTIN & SHRUBSOLE, 2005).  Shortages can be resolved much quicker 

giving incentives for customers to change their behaviors than acting on the supply side. Water 

savings associated using economic instruments comes from two main factors: 

• The ability of the user confronted with higher prices to decide which of his use to reduce according 

to his preferences with more efficiently than when imposed by restrictions on quantity or practices; 

• The ability to introduce arbitrage within and among the users to promote those who most value the 

resource (OLMSTEAD & STAVINS, 2007). 

Different instruments have been applied to deal with water scarcity events. They seek to decentralize 

decisions making expanding the choices of individuals and improving the way companies manage and 

allocate water (ZETLAND, 2011). The more commons are: 

Property rights: rights of ownership or use of water quotas. These rights might be transferable (when 

transferable approach a system of tradable permits); 

Taxes approach: taxes, tariffs and contributions associated with the use, the provision, the treatment 

and the distribution of water; 

With regard to water shortage, water pricing is recognized as one of the most powerful incentive to 

achieve a more efficient and sustainable demand. The price practiced is determined in order to 

maximize the welfare of society: it should tend to equal marginal costs of providing the service to the 

benefit marginal of consuming it (OLMSTEAD & STAVINS, 2007).  

An efficient price should be equal to the marginal cost of providing the water. That way, users 

consume more water unit only if their private benefits of doing so outweigh the total social costs. If 
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the price is lower than the marginal cost, consumption will be higher than optimal (OLMSTEAD & 

STAVINS, 2007). 

In the short term and without price increases, water consumption continues to be higher than desired. 

In the long run, inefficient prices affect land use patterns, decisions about the location of industrial 

plants, people’s consumption habits and perceptions of the resource (OLMSTEAD & STAVINS , 

2007).  

These findings are valid for any approach to pricing water resources. The main distinction to be made 

is between setting water price from the property rights transaction (market processes) and pricing 

established via tariffs or public prices (regulating agency). In both cases, efficient allocation can be 

achieved only providing the value of scarcity (BACKEBERG, 1997). 

4.1 Implementation of mechanisms based on market 

 

Water markets offer an alternative to centrally controlled mechanism for allocation of water promoting 

efficiency gains and flexibly (JOHANSSON & TSUR, 2002). The idea behind water markets is to use 

the information aggregated in the price system to stimulate market signals and determine the relative 

private and social values of the variety of uses of water.  

In practice, the purchased good is not the water itself but the ownership or use of the resource in a set 

quantity and time (CAMPOS & STUDART, 2002). The buyer can use all or just a part of the water 

and appropriate the returns he made of his particular water use. A transaction may concern only a 

certain period or be extended permanently. Transactions may be allowed only within a specific area, a 

watershed, county, state or even country, depending on the availability of structure that ensures the 

transactions and delivery of water. Similarly, transactions can be restricted within a group of users, for 

example irrigators, or between different groups (CAMPOS & STUDART, 2002).  

The main theoretical advantage of market mechanisms over taxation is that the governing body does 

not need to find the correct price to promote efficient allocation:  water price naturally emerges from 

market interactions (CANTIN & SHRUBSOLE, 2005). The regulatory agency has the task to allocate 

consumption rights and fix the quantity of water to be trade. Users then transact their rights to those 

who most value the resource (TIETENBERG & LEWIS, 2012).  

Market interactions are an effective mean for reallocating property rights of scarce resources, 

including water, although there are imperfections in such market (BACKEBERG, 1997). This claim 

arises from the ability of the owners to appropriate all the benefits of the use, lease or sale of such 

rights.  
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This capability sets the prerequisite for water to be reallocated from those of lower value uses to other 

more valuable uses within and between different sectors (BACKEBERG, 1997). These transactions 

enforce a more efficient, flexible and productive use of water including shortage scenarios and 

variability of the water supply. The shift from an administrative allocation to a market allocation 

transfers the power from the regulatory body to the water users. It relieves the government of investing 

in infrastructure to expand the supply and of the maintenance costs associated with this expansion 

(ROSEGRANT & GAZMURI, 1994). 

The benefits of water markets are promoting saving behavior and reducing the need of new structures 

for water supply that causes high environmental impacts. On the other hand, trading propriety rights 

induces water transfers that can impact rivers’ flows, temperature conditions etc (ROSEGRANT & 

GAZMURI, 1994).  

For private markets to efficiently allocate water, government agencies must: 

 Provide solid, stable and appropriate institutions able to design the property rights to be traded 

on the market  

 Define the compensation rules for any propriety transfer, including expropriation or rights for 

public purposes. (JOHANSSON & TSUR, 2002).  

Drawing a clear structure of water property rights is a complicated task. In the case of a basin in 

Texas, USA, discussions took about 15 years to succeed (CANTIN & SHRUBSOLE, 2005).  

Additionally, as in any market, the proper functioning of a water market depends on the heterogeneity 

in demands among users (NERA, 1992). It is important that there is enough activity in the market and 

that no actor has substantial market power. Transfer of water can result in higher transaction costs 

because of the time required to conduct the negotiations and of the potential impacts downstream 

(TIETENBERG & LEWIS, 2012).  

The lack of information tends to be a common problem in water markets, with buyers and sellers 

having difficulty to find each other, and limited available data on prices and terms usually practiced. If 

spot markets are used to reallocate existing water rights, these markets allow buyers and sellers to 

freely negotiate different volumes and prices; however, the benefits of this flexibility tend to be 

accompanied by small trading volumes and large price fluctuation (ZETLAND, 2014).  

Initial allocation (or reallocation) via public sales should outperform spot markets for cases where a 

certain amount of water must be simultaneously allocated among several users, using the same 

distribution infrastructure (ZETLAND, 2014).  
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In both cases, the impact of return flows and non-consumptive uses should be taken into consideration 

during the distribution of property rights. This might be overcomplicated and emerge as a reason for 

regulators to avoid ceding control of water rights to private actors (JOHANSSON & TSUR, 2002). 

Finally, with regard to the concerns of maintaining ecosystems contributions, it is primordial that the 

market mechanism is preceded by an appropriate modeling of instream flows for each watershed to 

define the maximum trading amounts. For example, when a market is established in an area with no 

restrictions on the use of aquifer water, these resources will suffer great stress as sellers will be able to 

extract more water from the aquifers to replace the volume of surface water they have transacted 

(ZETLAND, 2011). It is essential that the ownership and use rights are only allocated and traded once 

to respect environmental safety standards.  

As a conclusion, market allocation of water is possible providing that: 

• There is an infrastructure capable of distributing water to all potential buyers and sellers; 

• Transaction costs are not high. Such costs include, for example, costs to meet bureaucratic 

formalities, finding potential buyers / sellers, obtaining hydrological information, negotiating and 

recording the transaction; 

• There is flexibility to deal with Climate Change and economic fluctuations. The water rights should 

not be legally linked (permanently) to a particular use or place; 

• Administrative processes are clear and transactions secure; sanctions are applied if obligations are 

not met (LIVINGSTON, 1995). 

Formal water markets are found in several US states (California, Colorado, Utah, Nevada, etc.), 

Australia, Chile and Mexico (LANDRY & ANDERSON, 2000). Similarly, many casual water 

allocation systems have emerged in the absence of formal market prices to deal with shortage events. 

Examples exist in India, Pakistan and Cape Verde, but these arrangements can be neither efficient nor 

equitable (JOHANSSON & TSUR, 2002). In Chile, a decentralized system of allocation of water 

resources emerged in parallel to a series of economic reforms geared toward a free market. Such a 

system, together with the re-privatization of land ownership, has been essential for the country's 

agricultural sector to grow with considerable flexibility.  

An important result of this water market in Chile was the purchase of farmers’ water by companies 

responsible for urban supply, without the latter had to buy the land or expropriate water from farmers. 

Farmers sold small portions of their water rights while keeping their agricultural production capacity 

and developing more efficient irrigation technologies. The market also encouraged efficiency gains in 

companies responsible for the treatment and distribution who introduced new water pricing to signal 

their customers they couldn’t rely on a virtually free offer of the resource. (O'CONNOR, 1998). 
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4.2 Implementation of mechanisms based on price 

 

One cannot expect scarce water to be free of use. However, it is common for companies responsible 

for the distribution of water resources, whether private or public, not to charge the users for their water 

use but to transfer him the costs associated to the water extraction, processing and distribution 

processes. This practice results from water being an essential resource meeting basic needs of people. 

People drinking and using water should not generate profits. (TIETENBERG & LEWIS, 2012) 

Pricing water should not be implemented to generate revenue streams but to best allocate the resource 

among the users using the pricing system. It is interesting to note that the value a user accords to water 

is reflected in the amount that he would be willing to pay for using the resource (BRISCOE, 1996). 

Theoretically, this marginal value could reflect the economic value of water. However this principle is 

very difficult to implement as the basis for a tariff structure. 

They are many ways for charging water uses. If the goal is to impact the levels consumed, pricing 

based on the volumes consumed is preferable to a fix rate independent of the quantities (HORBULYK 

& ADAMOWICZ, 1997). The demand for water is more sensitive to the price structure than to the 

price level. For example uniform rates, the price of which does not vary according to the volumes 

consumed, tend to provide less incentive to reduce consumption than volumetric rates (CANTIN & 

SHRUBSOLE, 2005). 

It is crucial to consider implementation costs associated with any volumetric billing structure. 

Accurate measurements of the volumes used are highly dependent on the context and billing based on 

volume consumed is less cost-effective than other methods (CANTIN & SHRUBSOLE, 2005). 

When water uses are collective or not clearly specified, charging becomes particularly difficult and 

incentives to reduce consumption are negatively affected by the emergence of a free rider effect. The 

free rider hides his consumption and benefits from the resource without paying for it 

(GRIMBLE, 1999).  

It is possible to categorize the most common billing structures. As mentioned earlier, the first 

distinction to be made is between volumetric charges and non-volumetric; still other structures can be 

designed, as shown in Table 1. 
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Price structure Caracteristics  Marginal price of water  

Fix rate Price entering the distribution system. Generally paid on 

a monthly base. Doesn’t vary with quantity consumed. 

Zero 

Uniform rate Users pay uniform price for every consumption level. Uniform 

Incrising rate Users pay a higher price for highest consumption levels Incrising 

Decresin rate Users pay a lower price for highest consumption levels Decresing 

Seasonal rate 

sazonal 

Users pay a fix price determined according to the 

demand intensity  

Linked to the opportunity 

cost of using water 

Table 1 Water Pricing, adapted from Olmstead e Stavins (2007) 

A uniform constant tax rate would equal the marginal cost of water supply in the long run. However, 

beyond the difficulties of measuring this cost, this rate could cause the water distribution companies to 

make short term profits that are commonly strictly regulated (OLMSTEAD & STAVINS, 2007).  

An alternative to uniform rates are increasing block tariffs. In this structure, the use of water per 

billing period is divided into a number of blocks for which different prices can be set so that the first 

volume consumed (liter acre-foot etc.) is cheaper than the last consumed units. 

The advantage of the increasing block tariffs structure is that a large fraction of the water consumed 

can be priced at the marginal cost of long-term supply without generating excessive profits. It 

facilitates costs recovery and provides incentives for saving water as demand since the most expensive 

blocks are more elastic than for the lower (LIU & SAVENIJE, 2003).  

However, an incorrect structure may limit these advantages and create other problems such as a 

mismatch between the prices and marginal costs, duality between generating sufficient revenues and 

emphasizing economic efficiency, lack of simplicity and transparency, and difficulty to manage 

connections shared by more than one user (LIU & SAVENIJE, 2003).  

With regard to simplicity of the structure, one can argue for example that customers generally do not 

know when they are using more expensive water. It appears that, when the prices are low and that little 

variation is marked between the blocks, increasing block tariffs structure is poorly designed and 

cannot help in reducing the demand due to misunderstanding of the final customer (ZETLAND, 2014). 

Decreasing block tariffs with the user paying less per unit of water as consumption increases are 

usually performed with major customers. This structure is generally used in order to attract large 

industries for a region and give no incentive to reduce consumption (OLMSTEAD & STAVINS, 

2007). 

Seasonal rates may be used in combination with another structure, for example, increasing block 

tariffs. These fees are generally applied in the months when the demand peaks and removed or reduced 
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in the months when demand is lower. It is appropriate that at times of greater demand the price of 

water rise for the opportunity cost associated with the water consumption is also higher (OLMSTEAD 

& STAVINS, 2007).  

The introduction of this shortage rate can be triggered by a decrease in volume of reservoirs, a number 

of days without rainfall or any other factor that can be measured and adopted as a trigger for the price 

rise. The use of this mechanism is common in the electricity sector. Experience shows that the more 

explicit the signals associated with a shortage rate, the more effective it tends to be (ZETLAND, 

2014). 

It is worth mentioning quantity rationing and the introduction of water budgets as an alternative 

charging mechanisms for the use of water resources. These budgets are designed by the regulator or by 

the company responsible for water distribution. They specify the volume of water to be used by a user 

(MAYER & DEOREO, 2008). The budgets can be based on the number of people per household (in 

the case of urban water supply), the land size (both in the urban case as for agriculture), historical uses, 

weather and seasonal patterns or any combination of these criteria. Rates are established to offer 

incentives for users consuming less than their allowed budget and penalize those who exceed 

(MAYER & DEOREO, 2008). 

In any case price structure should be simple and understandable for the users so that they reduce their 

consumption and allow higher-value uses of the resources. Users must know what price they are 

paying for water (BOLAND & WHITTINGTON, 2000). Pricing water use should reflect the value of 

its scarcity, which is the cost of the opportunity of using the resource. It is very different from 

charging water treatment and distribution services (ZETLAND, 2014). 
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5. Limits to economic water management 

 

Weather based on the trading of water rights or on the pricing of the consumed volumes, economic 

instruments assume that the information contained in the price of water can be used to regulate the 

demand of water. These two approaches have been synthetized in Table 2. 

 Water markets Water Pricing 

Water’s value assessment Transactions Tariffs 

Value of scarcity Quotas Pricing 

Government actions Quotas & rules for trading Fix the tariffs 

Limits Market inefficiencies 

Ex: monopole 

Measuring the consumption 

Ex: free rider 
Table 2 Water trading vs Water pricing 

However promising the concept of water as an economic good might be, it introduces the wicked 

problem of pricing the resource. It is particularly interesting to analyze the mismatches between the 

demand and supply of water. 

In most markets, the price system provides important information about the scarcity and the use values 

of goods and services. Water markets are rare, and their prices are usually determined administratively 

by a regulatory agency. Pricing is based on local contexts and political considerations that do not 

reflect the real economic value of water (OLMSTEAD & STAVINS, 2007). Prices that do not reflect 

the actual availability of a resource do not provide the right incentives for customers to use this 

resource more efficiently and sustainably. Neither the pricing of water resources accounts for the 

central place of ecosystems in sustaining water production. 

The economic analysis of water management and the considering of water as an economic good is just 

one perspective that decision maker should consider bending over the affair. 

The above discussion has covered technical characteristics and the distributional impacts of both 

market and price mechanisms when used for allocating water resources. However, successful adoption 

of any mechanisms depends on its political acceptance level and of the technical and administrative 

capacity of the regulators (ALLAN, 1999).  

Any reform of the water allocation system results in the redistribution of economic benefits and will 

generate considerable political opposition (JOHANSSON & TSUR, 2002). Figure 6 illustrates how 

objectives such as efficiency gains and sustainability of consumption are in opposition with political 

acceptance. 
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Figure 6 Economic efficiency and political acceptance of water policies (ALLAN, 1999) 

Since the information on how users value the water is almost inexistent, many authors argue that water 

markets are a convenient way to improve the efficiency of the allocation of the resource. However, the 

effectiveness of this instrument depends on the institutional structures that regulate the market and 

though is greatly places and contexts dependent. The choice of a market approach or government 

intervention depends on the characteristics and habits of each jurisdiction.  

Livingston (1995) lists the following factors as prevailing one over the other: 

• The stage of development of the national market, government’s historical perspectives and 

experiences with taxes, command and control mechanisms; 

• The organizational capacities of water users and government agencies; 

• The impartiality of government agencies and their technical capabilities to compute the economic 

gains or losses resulting from the transfer of rights to use water; 

• The scale of the transactions: smaller local transfers seem best suited for a market solution.  
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5.1 Water management institutional challenges: the cases of France and Chile 

 

Brazilian water agencies are modeled on the French agencies and combine two types of missions: 

- Administering water rights (ownership and use)  

- Operating policies to protect the environment. (CAMPO, 2006)  

These tasks copy the France water agency's missions to develop on watershed rational use of water 

resources and to protect the aquatic environment. It is relevant to examine the work of French water 

agencies as they are a world reference of the tremendous difficulties to operate consensual water 

management (ABERS & KECK 2013). 

Water agencies coordinate land uses and water management (SDAGE) and execute management plan 

(SAGE). It has no regulatory power but collects and redistributed royalties from the water users to 

fund projects of common interest such as water purification, monitoring of drinking water quality, 

implementation of cleaner production processes, maintenance and restoration of aquatic environments 

etc. Water Agencies are commonly called "water parliament" as they are supposed to work in 

consensus and represent all water users.  

These agencies have performed numerous studies on Water Market in France and suggested that they 

are part of the solution to better administrate water. However, they have been remarked by the French 

Court of Auditors as a source of "conflicts of interest". Polluters’ interests are over represented and 

challenge the objectivity of the executive boards. Equal representation of the users is factice, as 

manufacturers, farmers and representative of the food industry have acquired "a virtual monopoly of 

representation" (LEMONDE, 2015). 

These lead the agencies to fail at being neutral. The Rhine-Meuse watershed is marked by various 

industrial pollution while the contribution of the involved companies to the agency dropped from 22% 

in 2008 to 11% in 2013. In the Rhone watershed, the fee paid by irrigating farmers was "much lower" 

than average. Irrigators payed 3% of the total amount of royalties while catching 70% of the water 

abstracted surface. The Court clearly stated that the composition of water agencies’ boards creates 

conflicts and inefficient management (LEMONDE, 2015) 

The implementation of water markets in order to promote the more productive water uses has side 

effects. In the case of Chile, the users having the most productive uses of water were the farmers 

disposing of the best productive infrastructure and were involved in conventional monoculture. The 

introduction of water market led to promoting extensive practices over smaller farmers. The growing 

intensive agriculture is economically productive but exacerbates social issues: 
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 Environmental impact of intensive agriculture is huge as these practices extended the use of 

chemical inputs such as fertilizers that impact water quality. 

 The growing of intensive mechanized agriculture over smallest traditional exploitations leads 

to rural depletion and the loss of sustainable local agriculture practices. 

The Chilean experience attests that promoting the more productive water is not an answer to water 

issues by itself. 

“For 15 years Chile has been the leading international example of pro-market 

policies for water resources, and its 1981 Water Code has recently been touted as a 

model for other countries to follow. Water markets are controversial in both theory 

and practice: their potential benefits include greater efficiency and flexibility of 

water use and less state intervention and expenditure; while their drawbacks include 

social and environmental externalities, vulnerability to high transactions costs, and 

other common examples of “market failure.” No country has taken the experiment 

as far as Chile, since its Water Code privatized water rights, reduced state 

administration, and attempted to stimulate a free market in water rights. The results 

have been mixed and uneven. The lesson of the Chilean case is that setting up water 

markets is harder and more complicated than it may seem, even in the fairly simple 

arena of irrigation transfers. » 

 

C.J. Bauer - World Development, 1997 

5.2 Water policy making in the context of uncertainty 

 

As established in Table 1, the use of economic instruments in water management necessitate to fix a 

price to the resource or to determine the amount of water to be distributed for economic activities. 

Such knowledge is accessible only through modeling. However, Climate Change challenges existing 

modelling and forecasting capacities. Traducing global climate modeling to regional operational 

predictions is titanic task because of the number of parameters involved to describe the Earth climate 

processes. As a consequence, global processes must be simplified in order to be numerically modeled 

(WILLIAMS, 2015).  

Global models are useful for shooting global future scenarios. However they are inappropriate to local 

water policy making that must account for highly non-linear effects. Adapting to Climate Change 

requires a change in project solving approach. It is no longer possible to forecast water availability. A 

deeper knowledge of climatic processes would be required. Scenario thinking should be preferred over 

modeling and forecasting to design adaptive policies (JONKO, 2015).  

Scientific modeling is slowly improving to produce reliable knowledge of ecosystems interactions and 

contribution to water availability and quality. The role of ecosystems to sustain water cycles is 

established. Forests play a key role in the redistributing water from of precipitations (ELLISON, 

2012). Water’s imbrication within the ecosystems is best summarized by the Swiss agronomist Ernest 

Gotsh who states permaculture is about growing water. This discovery suggests that accrued 
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knowledge of first economy is necessary for adapting Climate Change. Policy makers must adapt to 

traduce this growing knowledge into management practices. 

Healthy ecosystems and rich biodiversity are key factors to maintain the production of natural goods 

and successfully overcome Climate Change’s challenges. Establishing the anthropic impact on climate 

has triggered deep thinking on adaptation strategies to drift economic to new paradigms and enforce 

resilience capacity of ecosystems. Climate models make a dangerous mistake not integrating the 

human impact on water ecosystem’s (ELLISON, 2012). Not considering the interactions of human 

with ecosystems is similar to disregard the interactions of two entangled physical parameters such as 

the wind and the rain. Such a narrow-minded modeling caused the tragedy of the floods in Netherlands 

in January 2012. Models ignored the combination impact of non-extreme rain with non-extreme wind, 

two obviously entangled parameters (HAZELEGER, 2015). 

Climate Change and non-linear perturbations introduce uncertainty in the established command and 

control management systems whose first assumption is that water flow is “predictable” and 

“controllable” (PAHL-WOSTL, 2007).  Sustainable water management must develop new paradigm 

to deal with accrued uncertainty and base water management policies on the assumption that water 

systems are, complex, unpredictable, and characterized by unexpected responses to intervention 

(CGCM, 1999)(PAHL-WOSTL 2002). 

Adaptive policies suggest that uncertainty should be understood in the broadest way and account not 

only for the technical uncertainty of the data, but also for the uncertainty of watershed modeling. The 

scientific ability to represent the interactions between the hydro and eco-systems is uncertain, and the 

unpredictability is inherent to the system behavior (ROGERS & HALL, 2003).  

In the context of uncertainty, traditional modeling is no longer valid. Management must develop new 

indicators and enforce practices that account for uncertainty. This requires to broaden the debate on 

adapting strategies and to rethink the role of management in an uncertain and changing world (PAHL-

WOSTL, 2007).  

Bormann et al. (1999) define adaptive management as, “learning to manage by managing to learn.” In 

this case, learning encompasses a wide range of processes that span the ecological, economic, and 

socio-political domains in the testing of hard and soft approaches. New management practices might 

emerge using scenario analysis methodology to identify the key sources of uncertainty in a precise 

context (HAZELEGER, 2015).  

 

Acknowledging the various sources of uncertainty, management can no longer pretend to translate a 

theoretical optimum to reality. Policies should not be considered as solution but rather like an 
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experiment that will evolve to meet the ends of the problem; decisions can be evaluated to the cost to 

reverse them since learning is possible only trough correcting mistakes (PAHL-WOSTL, 2007). 

5.3 The case of drinking water monitoring 

 

Drinking water monitoring is a good example of how uncertainty and institutional issues combine and 

are symptomatic of the crisis of water management. Assessing the dangerousness of water 

contaminants on human health is controversial as even sanitation processes use molecules that might 

be harmful. Water treatment starts with the coagulation process when aluminum sulfate and ferric 

chloride are added to water to precipitate dirt particles. The use of aluminum sulfate is very 

controversial worldwide. The French National Institute of Health and Medical Research (INSERM) 

concluded that a strong concentration of aluminum in the water can be a risk factor for development of 

Alzheimer's disease (EXLEY, 2006). 

 

In Paris, aluminum was ban from water sanitation process for more than 20 years, a decision based on 

the application of the precautionary principle. Sanitation officer reacted to the suspicion of a risk 

without waiting for a scientific agreement on the topic. This decision reflects the latent controversy 

between two managing theory when dealing with uncertainty: the Presumption of Innocence and the 

Precautionary Principle.  

Water is not the only source of aluminum absorption in the body since the substance is found in high 

concentrations in vegetables, food additive and cosmetics. According to the WHO, aluminum in the 

water is only 4% of an adult absorbs and this argument is used to question the legitimacy of the French 

ban. The argument of the small contribution of water to the human exposition to pollutants applies to 

other substance such as pesticides, antibiotics, and growth hormone is food. However, it does not 

change the fact that, even in small doses, contaminants present in the water have a negative effect on 

health (GIZMODO, 2014).  

The French foundation France Libertés (2013) conducted an independent survey on water quality and 

established that bottled waters in France are contaminated with both pesticides and drugs such as the 

tamoxifen, an hormone used to treat breast cancer, because of a general deterioration of the 

environment. 

"It was a surprise because it shows that even the mineral water is polluted. We found some atrazine, a 

pesticide that was banned in the country 10 years ag"  

"The levels found are very low, but the presence shows how our environment is polluted," 

 Emmanuel Poilane, president of France Liberty, 2013 
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This survey established that pollutants are very persistent in the environment. This makes water 

monitoring even more complex because it is very difficult to relate the pollution found to its source.  

Solutions to improve management and treat water exist but are costly and require investment; that is 

require mobilization of the public to be fulfilled (Apublica, 2014) 

“New technologies are available such as nanofiltration, ultrafiltration, 

reverse osmosis and treatment with solar ultraviolet light. However, in order 

to mobilize public investment the mobilization of citizens is mandatory. 

Canada, Europe, Mexico and Bolivia, are numerous examples of how the 

people regained power over the quality, price and even the ownership of 

water.”  

Joep Appels CEO of MicroLan, 25
th

 of March 2016 

6. Taking the customers inside management practices 

 

Thomas Kuhn describes in The structure of Scientific Revolution (1962) how scientific knowledge is 

established and progresses. His key assumption is that science models reality in a restricted 

framework. Science is based on paradigm that brings an answer to a precise question; scientific beliefs 

are profoundly shaped by social and cultural forces.  

Modern market economy paradigms cannot integrate resource depletion. Paradigms are based on the 

assumption that growing demand will initiate the necessary investments to offer a substitution good / 

resource. Making management of the second economy on this assumption is not coherent with the 

objective of developing adaptive policies (GREER, 2011) 

The Economy of nature is a relevant theoretical frame for adaptive policy making. Indeed is based on 

the Liebig’s law of minimum and integer the phenomena of resources depletion. It allows the 

conception of managing feedback loops between the first and the second economy (SCHUMACHER, 

1972). 

Should management adopt the framework of the Economy of Nature for decision making? This 

question is both a political and scientific controversy. Controversy analysis suggests that resolution 

relies on public participation.  Integral approach to controversy analysis does not privilege scientists 

and their knowledge. It suggests how opening up the expert debates to citizen permits to promote the 

role for non-experts in decision-making (FULLER, 2006). 

Excluding the public protects the authority that is legitimized by expertise. Participation of the public 

is a way to assess the social impacts of uncertainty (MARTIN, 1995). Controversy analysis 
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methodology allows to deeper the understanding of the political contexts contributes to the making of 

collaborative strategies. This methodology aims to take socially-based decisions on contentious 

scientific questions. This problem solving approach is more able to take management to implement 

decision based on the precautionary principle (LATOUR, 2007) 

6.2 Profane and scientific controversies 

 

The institutionalization and the professionalization of the scientific method through the creation of 

health and safety agencies questions the credibility of science and its contribution to governance. The 

multiplication of controversies on environmental and health issues reveals the tensions between public 

academic science and private scientific expertise. These two sciences have their own mode of 

production, and different contributions to the control, validation and developing of decision making 

(ANSE, 2013). 

As science confronts with societal challenges, the authority of science faces accrued uncertainties and 

must arbitrate difficult choices. Developing transparency and preventing conflict of interests are 

necessary steps to consolidate scientific authority. Collaborative measurements offer scientific 

community and expert agencies the possibility to democratize their actions. Innovative sensing devices 

allow including contributions from associations and social society to the construction of scientific 

knowledge. Collaborative science consolidates the scientific authority. 

The reaction of society to threat is regulated by the processing of warning signals by the competent 

authority. Literature distinguishes two proceeding patterns. 

 Risk assessment, as developed in the United States, complicates the implementation of 

stringent regulations because of the inner uncertainty of the evaluation process.  

 The precautionary principle, promoted by European officials, allows more flexibility to 

implement risk averse regulations. 

 

Both regulatory systems face the ongoing challenge of assessing differences among scientific 

expertise. This is especially the case when the conclusions of expertise are shaped by latent conflicts 

of interest (VOGEL, 2002). 

 

Among the functions that must complete a safety system, the first is logically the identification and 

analysis of alert signals. The particularity of warning signals is to have various intensities. One speaks 

of weak signals when the very existence of the signal questionable and whose meaning is not clear. If 

weak signals are used to be very controversial and emblematic the treatment of strong signal is 

symptomatic of how risk assessment is implemented (VOGEL, 2002).  
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The case of French safety system is typically favorable to conflict of interests. France does not 

implement real safety policy. First, there is no clear division of monitoring responsibilities, which are 

dispersed, diluted in a tangle of services within departments and multiple communities. Proactive risk 

mapping is not systematic and do not allow debated prioritization. Finally, France lack management 

procedures of norms of actions and places debates for a democratic process (participatory and 

deliberative) to evaluate uncertainties and overcome conflict of interests. (LATOUR, 2016)
3 

Whether the signal is weak or strong the expertize process fail to be objective. Integrating the public in 

expertise with collaborative approaches would legitimate the process and enable management to 

choose the best subjective opinions in a democratic way. Collaborative, transversal and integrative 

decision making processes require scientific actors, technical, industrial, administrative, political, 

judicial, and media associations, to have a common vision of risk, which is not the case. 

“We certainly entered the risk society, but for now it's mostly a world of 

mistrust and fear that comes to us.”  

Bruno Latour the 3th of July 2016 

Increasing the sensitivity of surveillance systems contributes to making a climate of anxiety and 

mistrust. The system beings better equipped to identify threats; it also has difficulty to gather the 

evidence to found decisions. Health protectors confront with economic interests. Science creates more 

uncertainty concerns than it can solve. Questions about health risks associated to uncertainties create 

in a competitive economic environment conflicts on the concept of risk. 

It is necessary to recognize the legitimacy of the debate on the selection criteria relating to risks. The 

question of what is or is not a structuring health risk is central. Conflicts oppose different conceptions 

of the risks. It is urgent to restore confidence of the social actors in institutions and science. It requires 

a new dialogue between science, policy-makers and social actors to intelligently manage the warning 

signals. Confronting complex and uncertain situations, binary decisions of a commission is simplistic 

and do not contribute social trust (DAB, 2005). 

 6.3 Could new technology reconnect consuming to citizenship on market place? 

 

The attempt to price water as well as other ecosystems’ services is a first step to push environmental 

considerations into the circle of decision of human economic activities. However, international 

summits on climate reveal the challenges of implementing regulative policies in top down approach at 

a global scale. Since the writing of the first report of the Club the Rome in 1972, top down policies 

have only very partly succeeded at integrating environmental limits to economic policies. The 

                                                     
3
 Informal interview on the 3th of July 2016 
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regulators have tremendous difficulties to constraint economic actors to change their behavior and 

maintain the first economy’s inputs (BAUER, 1997). According to economic theory, market 

mechanisms are optimum for creating value inside the second economy. However science fails to 

regulate the negative interactions loops threatening the primary economy. To the Enlighten vision of 

an objective science leading society succeed an opaque expertise where lobbying forces drift science 

away from it social objective (FREITAG, 1995) 

Market places integrate contestation movements into consumption subcultures and specific 

segmentations (JAMESON, 1985). The logic is that if some product or culture does not fit customer’s 

identity or belief, he will find a substitution product that better answer his needs. From the customer 

point of view, there seems to be no way to ask the market to produce a different way. There is no 

space for customer to act as a citizen could act in the public space. This is a huge issue since alert 

signals from environmental and social situation would require change in the production; customer has 

no direct power to bring producer to change production practices and must rely on social 

representative structures (BERMAN, 2006). 

Subjectivity of scientific processes is established (LATOUR, 2007). But however subjective it would 

be, the public is kept out of the scientific decision making. The same way the customer can only 

change his consumption patterns, the citizen can only agree or disagree with decisions and statements 

made by the hierarchy.  

A successful collaboration between producers, customers and public administration can be found in 

the area of health and sanitation. Citizen measurements contributed to improve the monitoring of 

paludism, glycemie, urine and zika virus (GIZMODO, 2015)
4
.  

So far the health sector has used strip test technology in order to collaboratively:  

- Diagnostics for health workers remote microscopy services quality.  

- Remote diagnosis among staff structured institutions in restricted areas (eg military or mining 

companies). 

- Investigate the prevalence of the diseases. 

- Self-diagnosis by individuals or previously formed groups. 

- Diagnostic "at any time" in hospital laboratories or dispensaries.  

If used properly, rapid diagnostic test can be a guide useful to identify the presence of infection 

clinically significant, particularly when the microscopic diagnosis of good quality is not available. 

Uses of such rapid diagnostic tests by small organizations and individuals contributed significantly to 

management.  Diagnostic tests are frequently performed by individuals and help to improve medical 

                                                     
4
 http://gizmodo.uol.com.br/dispositivo-com-papel-detecta-virus-zika/ 
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care. Users perform a rapid test to diagnostic on a daily basis and advice on the attitude to be taken 

before consultation a qualified health officer. (OMS, 2004) 

This approach could be developed for water and environment monitoring as new technologies give 

individuals a ticket to perform accurate measurement. Citizen data could be integrated to decision 

making process as scientific contribution. The old way of checking the weather and environmental 

conditions from individual homes or yard required to take readings manually and excluded profane 

from scientific measurements. Current way of proceeding permits to collect the data from tiny sensors 

with mobile phones that allow to track and analysis the signals remotely. The automation of the 

measurement process is a gateway for citizen to participate in recording specific data from anyone’s 

phone and contributing to decision-making. The following examples attest of this turnover: 

 Sensordrone offers the service to turn smartphone into a wearable, programmable, sensing 

computer.  

 Wimoto "stick-able" weatherproof sensors can be placed anywhere to keep track of 

environmental conditions. The sensors come with different functions, including precision 

temperature, humidity and light level measurement. Data are load every 15 minutes, and send 

to the cloud allowing for trends to be graphed, exported or analyzed from any browser. 

 SCIO Company launched a portable molecular scanner for the big public to molecules their 

environment. 

 The electronic tongue combines strip test sensor with mobile phone to log field data in a cloud 

(Chapter 4) 

Currently, there are some 11 Android apps available for free that allow citizens to sense their 

environment and share data. These available technologies make it easy and accessible for customer to 

take valuable measurements of their environment and to contribute to modernize the monitoring 

system. Thus technology could be used for constructing of a sensing collaborative network to monitor 

water quality and adapt water management. An open access to the data would allow every actor to 

develop knowledge and suggest solutions to the issues. 
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7. Chapter conclusion 

Each river basin, region, county and user has specific characteristics with regards to their water 

consumption patterns. These specificities reflect the local hydrology, cultural and historical issues, 

environmental restrictions, political and economic structures and other institutional characteristics. 

Local issues call for local solutions.  

This chapter presented the water issues at the global and Brazilian scales. It detailed the administration 

process of water trading and brought the use of economic instruments for managing water into 

perspective. Finally, it suggested that water management is a symbol of management of ecosystems 

contribution to the second economy. The chapter concluded that water management is a highly 

controversial and political issue and suggested that citizen participation to water monitoring could be a 

way to develop adaptive and sustainable water management. 

Adaptive policy making requires population support. The initiative “Rumo A Brasilia 2018”, 

supported by the Brazilian Water Governor Newton de Lima Azevedo, aims to include the 

underrepresented populations and the youngest generations in the preparation of the World Water 

Forum. It expresses the will of management to step into making such policies.  In 2011, at the 

occasion of the International Year of Chemistry collaborative measurements of water pH contributed 

to map the water at the national scale and to construct the Global Experiment Database. This 

interesting result was obtained at low cost involving citizen participation. 

 

Figure 7 Results of the collaborative monitoring of water pH, Brazilian Chemistry Association (2012) 

The following chapters assesses Brazilians perceptions of water issues in order to describe the drivers 

of citizen interest in water management and suggest how a new technology could be developed to start 

citizen participation in water management.  
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Chapter 2. Perceptions of water issues among the Brazilian population:  
 

The literature review (chapter 1 to 4) provided us with an academic perception of water issues and 

possible economic solutions. We exposed the difficulty of managing water using economic tools 

(chapter 5). The water crisis is a major environmental, social and economic challenge that should be 

addressed at all local, national and international levels with various stakeholders. Answering the crisis 

triggers a difficult argument: which activities should be restrained in order to balance ecosystem 

resilience with economic growth and social stability? At all governance levels, policies and adaptation 

strategies must be developed to minimize the negative externalities of industrial production, individual 

consumption of water, and more generally to prevent any further contamination or depletion of this 

common resource. However, the development of such policies is challenged by the globalized context 

of decision making and the uncertainty of climate modeling. 

Since 2015, water management agenda has taken a sharp importance in Brazil as the Southeast region 

of the country faced an unusual and severe drought period. This event exacerbated scientific 

controversies on weather modeling and Climate Change and stimulated debates on which technical or 

economic mechanisms would best solve the problem. As there is no consensus among the experts on 

which alternative (Literature review chapter 6) is best, it is very difficult for public officials to engage 

in investment and long-term solutions. It is striking that during the water crisis in Sao Paulo there was 

little room to consider the past experiences of citizens from the Northeast regions that have coexisted 

with water scarcity for decades. Such an insight could have provided efficient solutions to articulate 

the needs of citizens with the needs of the different sectors of the economy.  

In this context customers and populations have become the center of support for adaptation policies. 

Since scientifically proven, long-term sustainable solutions haven’t emerged, water policies have most 

relied on the mobilization of citizens to develop precautionary principles and rational use to shift 

individual mindsets towards water conservation. We suggested that collaborative management 

practices might be part of the solution to reconnect top down policies to a strong public support. Such 

programs rely on public involvement. It is of prime concern to investigate how the public perceive 

water issues to design adaptive managing policies involving the public as part of the solution. 

The present chapter analyzes people’s perceptions of the water crisis and potential solutions in Brazil. 

It intends to model the wide range of perceptions of this common resource and to suggest how a 

collaborative water monitoring could be a relevant solution to support adaptive management practices.  

This work assumes an interpretative paradigm. It aims to understand the perceptions of Brazilian 

citizens from different regions, of the challenges related to the water issues and of the possible 

solutions to answer water management problems in the country. 
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Collaborative approaches would benefit to stakeholders in the following ways: 

 Government agencies are mainly concerned about making and implementing the 

law. They are involved in measuring the concentration of pollutants in the 

environment and in final consumption products. Collaborative monitoring would 

allow them to share the monitoring cost.  

 Companies are mainly concerned about compliance to the law and promoting their 

image and values to the customers. Funding collaborative measurements could be 

part of their CSR strategy. It might also lead to label their activities and products 

as environmental responsible. 

 NGOs are concerned about alerting the public of some irregularity. Collaborative 

measurements are a way to support their monitoring activity and promote their 

claims. 

 Scholars and academics are involved in collaborative measurement as it is an 

established scientific methodology to collect data at lower costs. 

1 Research methodology and design 
 

With the goal of understanding the population perception of the challenges related to water issues and 

to design a collaborative water monitoring project, the research was divided in 5 steps: 

1. Literature Review 

2. Observations and field visits 

3. Interviews with citizens and water experts 

4. Definition of relevant categories of analysis of the data 

5. Application to design a pilot project for collaborative water monitoring 

 

2. Observations and field visits 
As a first step to broaden the range of water challenges perception we visited agro-ecological and 

alternative production sites in Southeast and Midwest Brazilian states. These locations were chosen 

because they represent rural communities that have developed alternative uses and management 

practices of water inspired by permaculture. This field work allowed to interview individuals living in 

these communities and to discover relevant organizational practices to address water issues locally. 

Table 3 and Figure 8, 9 summarize the details of the 3 communities that were visited. 
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.  

Table 3 Profiles of the communities visited 

 

Figure 8 Interview with Fulni-ô tribe leader, Credit Katia Alferova 
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Figure 9 Fulni-ô Water ritual. Credit Katia Alferova 

• Southeast / Sao Paulo: Community Saves Silvia - Ilhabela / SP, was visited from 19 to 21 of March 

2016. The community leader (61 years old) was interviewed. The community has dealt with water 

scarcity since its creation in 1992. It has developed an expertise of natural strategies to combine water 

management and production practices. We were introduced to farming practices that do not consider 

water as a necessary resource for production, but as a product of the activities on the site. When the 

owner bought the land 20 years ago, the vegetation was completely cleared and space was used to 

produce pork meat. Reconnecting with circular agriculture traditions and reforestation practices, the 

farmer has reconstituted the natural environment of mata atlantica where "the land produces water".  

The owner explained how he recovered the water resources available in the rainforest ecosystem to 

sustain the site’s farming activities: 

 "The water was essential in building this site. When I arrived, there was no water spring here. I had 

to carry water down to site on my back on a 500m track to slowly reforest and grow the garden. After 

10 years, the trees have returned to form a network of roots that retains rainwater: two springs have 

appeared." 

"Roots filter the water. We have built water filtration systems with aquatic plants: the organic 

material is incorporated by the roots. The water that is above the filter is pure. " 

• Southeast / Minas Gerais: Site Quetzal - Serra da Mantiqueira / MG, was visited from the 1 to 4 of 

April 2016. This visit illustrated the social value of water in a community that went through water 

rationing and mobilized against the industrial water dwelling in the region. During this visit, the owner 

and creator of the site (farmer, male, 45 years old) was formally interviewed. Water is central for this 
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community’s production process and social links. He explained the key role of water in the developing 

of his community: 

"As a former sailor I always save water. Still, I have decreased a little more my consumption during 

the water crisis.” 

“Water is central to the life of the site as I use it to irrigate my cultures. It is also central to my 

relationships with my neighbors. We all use water from the same spring. I am at the beginning of the 

pipe. If I use too much water or close the sink everybody is affected” 

He described the use of water of the residents and how the mobilization for water against private 

companies and the logic of urbanization in the region occurred. For these people awareness of water 

issues is driven by their day to day practices and their will to develop a specific lifestyle in relation to 

the resource as attest the following set of quotations
5
 : 

 “I have a horror vision of life in the city; I think the water crisis is the first step to Apocalypse" 

“People from the cities don’t take care of themselves. How could they understand that their meat 

consumption drives deforestation and will dry the entire planet?” 

“Awareness of individual consumption impact on ecosystems is a an individual process, it is very 

difficult to create it collectively” 

• Midwest / Goiás: The multiethnic village of St. Jorge invited us to investigate indigenous perceptions 

of water and to participate in a cultural experience with Fulni-ô Indians, on the 21th of April 2016. 

This allowed us to participate in a ritual of gratitude to the water and to understand notions of holistic 

management of the resource. The community leader (Figure 8) was interviewed. He described the 

specific water challenges of his people such as the lack of sanitation and the contamination of 

groundwater and rivers by industrial and illegal mining activities in the region. 

"Considering water as a human right is a totally self-centered perception of the resource that is 

produced by nature and for nature" 

"I'm selling my crafts not to starve. I am 43 and I have a son who is 16 years old whom I could not 

teach the ritual of fishes yet: there are no longer any fish alive in our river contaminated. " 

“Water is the earth blood. As the air that we all breathe it interconnects all the living bodies” 

 

                                                     
5
 Informal interviews on site  
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These field visits allowed us to immerge in local water management practices. During the visits we 

immerged among the communities. Apart from formal interviews with the leaders, data was collected 

informally as we discovered the impact of water issues of the visited communities. We found out that 

water awareness led these communities to develop their activities according to the interactions they 

have with water resources. We discovered the social impact of water. Water management appeared as 

a powerful driver of individual and collective behaviors. This field insights were used to interpret the 

data collected along formal interviews.  

 

3. Interviews 
The second step of data collection consisted in qualitative interviews with ordinary citizens and water 

specialists to complement the informal data acquired during the immersions. The criteria used to 

collect the data sample and select the citizens were: 

 1) The data set must assesses different regions of the country 

 2) The data set must mix perceptions of people who went through water rationing with people 

who didn’t went to water rationing. 

3) The data set must assess people engaged in movements or discussions on the issues of water 

management.  

4) Respondents must have a critical perception of water issues in Brazil, having experience 

water scarcity or not.  

In total, 9 interviews were conducted with 6 ordinary citizens and 3 experts. Table 4 and 5 summarize 

the profiles of participants. The different interviews were agglomerated in order to uses interviewees' 

statements in a form which does differentiate neither the location nor the profile of the participants. 

This position was adopted as the work does not intend to compare the perceptions of individuals, but 

to construct a general model for water awareness. 
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Table 4 Profiles of the citizens interviewed 

 

Table 5 Profiles of the experts interviewed 

The interviews took place between March and May 2016 and addressed: 

 Perception of water as an economic resource and consumption habits; 

 Perceptions of the quantity and quality of available water; 

 Perceptions of water access in the future; 

 Perceptions on water management in Brazil and possible strategies and solutions. 

The script of the guiding questions of the interviews is detailed in Appendix 1. 

4 Categories of analysis 
Following qualitative research methodology, the data was analyzed using the process of category 

definition using the following steps: 

a) Transcription of the interviews: The recorded interviews and field notes were transcribed to 

Microsoft Word text editor.  
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b) Internal comparison: Citations were manually encoded without the use of software. The code used 

was based on repetition of an idea. The script was interpreted using the data collected informally 

during field visits and the knowledge on the subject as exposed in the chapter 1 literature review. We 

grouped the significant statements in clusters, which enabled the identification of common references 

and themes among the participants. An internal matching process allowed classifying the quotations 

into a set of sub categories to interpret the cultural and / or social phenomena experienced. The process 

used the following hierarchy of information to determine the categories of analysis:  

 Textual narrative, theoretical and hypothetical propositions 

 Metaphors, patterns and symbols used 

 Behaviors of the participant 

c) Abstraction: For the purposes of this study, we have chosen to detail the analysis of Category 1: 

Water consumption x conscious consumption. The interpretative paradigm adopted in this research led 

us to give priority to the investigate citizens’ relations to water uses and foundation of rational 

consumption. Water consumption is the first contribution of citizen to water management. We 

assumed that citizen awareness of the impacts of his consumption on the resource is a key parameter 

to analysis the drivers of participation to collective action. This assumption is fundamental in our 

study. Our interpretative methodology allowed us to consider the bias introduced by this assumption 

as necessary to reach our operational objective.  

d) Definition of the properties: The process of abstraction, together with the script review, led us to 

analyze water conscious consumption using two properties: personal values and social values of 

respondents. These two properties were used to evaluate the categories and subcategories of the 

proposed model. 

e) Application of the model to design a pilot project for collaborative water monitoring 

Participation to water summit, meeting with representatives of water government agencies and 

conversations with water expert helped us of to design a pilot project that would connect citizen’s 

perceptions of the water issues to management needs. Management approach to citizen participations 

often limits citizen to their role of water customers. Our model of water awareness establishes that 

citizen participation to water management is a driver of individual water conscious consumption. The 

model was used to design a collaborative water monitoring project – WeTest to integrate citizen 

contributions to water management. A WeTest pilot was test in the local school of Piramanha 

community in Belem de Para in June. The methodology of the pilot is described in chapter 4. 

 



42 

 

f) Limits: We created a model using a qualitative data set. The data set was composed of 9 interviews 

with specific respondents and completed with informal interviews and field visit. The stability of the 

model wasn´t tested on a bigger sample before being applied to design the WeTest pilot due to lack of 

time and resources. The sample used in our research mixes very different perceptions of water issues. 

It was rigorously analyzed to elaborate used to elaborate the WeTest project. However the small 

amount of data used and the impossibility of testing the model on an independent sample is a 

limitation to the stability of our hypothesis.  
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Chapter 3. Modeling citizens’ perception of water issues  
 

In this chapter we establish a model describing how citizen perceptions of water issues reflect a 

combination of personal and social drivers in reactions to the context of water crisis in Brazil. The 

model assesses the origins of water awareness among respondents. Water awareness is defined 

as “participant understanding of water management issues and capacity to modify their 

behavior accordingly”. Conclusion suggests how the model could be used to expand water awareness 

among population and bring water drinkers to collaborate with management. 

1 Final model of categories 

Customer awareness of their impact on the resource emerged as a determinant issue in almost all the 

interviews. Whenever they were questioned about their drinking habits and the amount of water 

consumed, customer awareness of his impact on the resource emerged as a central concern. The next 

step of this study is to model the drivers of citizen’s water awareness. The model defines two 

properties that explain respondents’ water awareness. The properties are used to model archetypes of 

water awareness among users. After internal comparison and refinements the data were connected to 

conscious consumption through the following subcategories of analysis:  

      1.1 Motivation or personal initiative and cultural values. 

      1.2 Obligation or third party stimulus, whether in the family, workplace, neighbors. 

      1.3 Personal habits changes due to water crisis 

In order to model properties, abstraction of this subcategory was performed using both theoretical 

considerations and our perceptions of the agglomerated data. We first isolated references to the terms 

'water' and 'awareness' and, from there, abstracted the following characteristics of these notions using 

theory and the data: 

 Perception of the impact of individual water consumption on the resource quality and 

availability 

 Changes in behavior and consumption habits 

 Education of the resources’ challenges 

 Personnal engagement in movements and discussions on the theme of sustainability and 

environment. 

 Perception that natural resources such as water are different than goods bought on market 

place 

These abstractions lead us to define properties of the water awareness and to elaborate a model of 

water perceptions among our sample. Final properties are: 
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a) Personal values: principles governing personal behavior of individuals, without intending to 

influence others or social context. 

b) Collective Values: principles of the social environment external to the subject that influence his 

behaviors and attitudes of the community. 

 

 

Our model uses these 2 properties to define 4 archetypes of water awareness that can be used to 

classify the drivers of water perception among population. According to our methodology, we 

determined 4 archetypes expressing respondent’s water awareness as a composition of four pure states 

we named: Unaware, Philosopher, Initiator and Follower:  

Unaware: An individual who has no awareness of water value and who does not care about the 

negative impact of their consumption neither on themselves nor on their social environment. This 

individual is not informed of campaigns and strategies for conscious consumption; he is not ready to 

pay for the resource. 

Philosopher: An individual who develops personal attitudes of care and enhancement for water 

resources. He is acting in accordance with his own code of values. However, he shows no intention of 

sharing or encourages others to follow the same pattern. 

Initiator: An individual who share the Philosophers personal attitudes of rational consumption but 

who also acts to mobilize his social network to adopt his behavior. 

Follower: An individual who has adopted conscious attitudes in an alienated and passive way. He is 

acting because of the pressure of his social environment. 

2 Analysis of the category and subcategories 

 

Figure 9 Archetypes of water awareness 
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The sub-categories below characterize the behavior of respondents and permit to model reactions to 

the water management policies. Three subcategories emerged as relevant to classify the data and 

interpret water awareness. Numbers are used to differentiate the different quotations Q + number from 

the different respondent who are classified referring to Table 4 and Table 5 Profile + number.  

1. Motivation and personal initiative; cultural value of water 

This subcategory mainly refers to the property P1 (water awareness is a function of personal values) 

and regroups both archetypes of Philosopher and Initiator. It appears from the data that citizens do not 

have a perception of water as a usual good and tend to develop a conscious relationship with this 

resource in their daily life. Unlike other products that are part of the day-to-day reality, customers limit 

their consumption of water as an attempt to take care of the resource. This leads them either to perform 

special movement and to develop critical thinking of their behavior: 

Q2: "I have a rational use of water. I know that certain foods have a huge consumption of water to 

produce." (Philosopher – Profile 1) 

Q3: "I try to be aware. At the time of washing the dishes I'm very careful not to open the tap too much. 

At the time of washing my hair, I turn off the shower." (Philosopher – Profile 3) 

Q20: "I am wondering now whether if I put the washing machine in the" low "or" medium" if I'm 

consuming the right way. I think that in average I choose the low option." (Philosopher – Profile 5) 

This particular relationship with water reflects the awareness of water being produced by ecosystems 

and the environment. This shows that citizen shares part of the knowledge of the communities we 

visited. If human labor is involved in drinking water treatment, the resource availability itself depends 

of the natural economy over which men have no influence. This reality of water drives the 

consumption process, leading customers to have more consideration for this product, water 

consumption leads customer to reconsider the relation of his own existence with ecosystem. 

Q19: "water availability depends on how will spread the awareness of the water cycles. We have to 

develop a spirituality of water consumption for people to stop thinking only in money and understand 

that only conscious consumption can balance their water uses." (Initiator – Profile 8) 

Consulted experts and representatives of companies involved in the distribution of drinking water, 

confirm this point. Their business depends on the availability of the resource. Rarefaction drives them 

to spread awareness of the natural mechanisms involved in the production of water. 

Q1: "We are the only company that asks his client to consume less." (Initiator- Profile 9) 
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Q10: "Our idea is to empower the people to modify the entire water distribution system. Change has 

to come from the population as it is not possible to change actions without the awareness of the 

citizen. The awareness of water as a finite resource is essential for people to hear what Nature asks 

them in their day-to-day." (Initiator – Profile 4) 

These selected quotations illustrate how personal values appear as a key driver of water awareness. 

These values refer to the individuals as isolated and independent of their social context. 

2. Obligation and third party stimulus: family, workplace, neighbors… 

The social context of water consumption and third party stimulus are key drivers of water awareness.  

Q30: "(...) our community has an artesian well and all the houses now have piped water. (...) Families 

are trained and knowing the difficulty of having the water at home, takes care of the economy, water 

storage "(Follower- Profile 6) 

Water distribution companies’ statements led us to specifically consider the influences and third party 

stimuli on customer behavior. Many programs are being developed by government agencies, NGOs 

and private companies to raise awareness on water issues and develop conscious consumption. 

Q12: "We always ask the public to spread their knowledge and communicate their vision to friends 

and family. I have followed the consumption of participants and checked the evolution of water uses in 

their houses: it worked." (Initiator- Profile 7) 

SABESP Company develops a training course to raise awareness of the use of water in disadvantaged 

area, particularly among low-income communities. Their idea is to form a network of actors in this 

community who make money taking care of the resource. 

Q9: "Our role is to support the student in expanding the knowledge of his community and develop 

conscious consumption. We try to develop reference points in their consumption. Of course, the 

drinking water represents only 10% of the total water consumption. But in Brazil, most customers 

have no idea of what it means to consume water responsibly. We communicate them the basics for 

example that 5minutes is enough for a good shower or not to wash their car with open hose. This has 

a real impact." (Initiator- Profile 8) 

Awareness of water issues is transmitted through education that becomes a tool for conscious 

consumption: 

Q13: "We have to focus on the education of children to change the habits of their parents. The 

education of children will ensure the future of water." (Initiator- Profile 4) 
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The social context of citizen participation to water management is a critical factor. Water awareness 

has a collective component that cannot be ignored.  

3. Personal habits changes due to water crisis: 

This sub-category refers to change in personal habits after the water crisis that affected São Paulo in 

the last two years and the northeast region of Brazil for decades. These water crises have strongly 

affected the respondents, and were mentioned in all the interviews. Despite having especially impacted 

inland and remote communities the crisis has had a strong positive impact of awareness among 

customers and rewarded those who had conscious behaviors: 

Q6: "Now that Sao Paulo is being affected, everybody wants to solve and issue that none wanted to 

confront before." (Follower- Profile 5) 

Q3: "The families from the semi-arid region are used to save rain water. People who have not suffered 

directly from water scarcity do not bother with this kind of practices" (Unaware) 

The water crisis is consistent with the theory of catastrophes that states that only extreme situations 

affect the awareness of society and leads individuals to change their daily habits. 

Q11: "People must feel a lack to change. Before the crisis, people thought that water would never 

happen to lack. Now a new vision and culture of water is being spread around. It is not only to close 

the taps, but about installing rain water collectors and recycle water from washing machine... The 

crisis was a difficult time; but it contributed to re-educate customers. In Brazil there is no education 

on water issues at school. The crisis was a necessary shock" (Follower – Profile 2) 

Q29: "Here is a region of water abundance. However we only came to realized it and value the 

resource with the arriving of large companies. (...) who were planning to build 36 hydroelectric 

stations on the Tapajos River. This stabbed people in their heart handled us to discuss with the 

community on water issue, conscious use of water and all these things." (Initiator- Profile 4). 

Water crisis appeared as a driver of water awareness among the population. Unusual and sudden event 

appear as a catalyzer of awareness. 

3 Conclusions 

Our model allowed us to classify the drivers of citizens’ perceptions of water issues. According to our 

model, the awareness of water issues is a function of both personal and social values. This result 

suggests a way to take citizens to participate to water management. Training citizens to develop their 

latent Initiator archetype would take them to value water resources (P1: individual values) and to care 

for their preservation (P2: social values). 
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In Brazilian big cities, much sources of water contamination could be avoided providing citizen 

participation. New technologies offer the opportunity to citizens to participate to water management 

(Literature review 6). It would be interesting to apply the model to bigger samples of participants and 

to determine the scalability of the properties P1 and P2. Although the sample used in our research 

mixes very different perceptions it might have been biased. We suggest that is should be validate 

performing quantitative research.Applying our model at bigger scale would allow evaluating the 

stability of the 4 archetypes among the population. This result could lead to effective results on 

developing adaptive policies to water issues. 

 

In chapter 4, we present how our model has been used to design a collaborative water monitoring 

pilot. We describe how our understanding of water perceptions was applied to design an early 

collaborative monitoring project named WeTest in Belem de Para. Finally we suggest how it could be 

scaled up to evaluate the opportunity of developing latent Initiators archetype among citizens. 
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Chapter 4. The WeTest scenario  

 

According to the theoretical framework presented in Chapter 1, it is necessary to gather the general 

public momentum to tackle the environmental problems. Our research suggests that the driver of 

citizen collaboration with management on water issues involves developing Initiator archetype among 

population. In this last chapter we describe how we applied the theoretical model of citizens’ water 

awareness to design the WeTest collaborative pilot to water monitoring. In this section, we describe 

how the WeTest project intends to develop the Initiator archetype monitoring water quality, and how 

this model could be developed in a further work. 

 

Findings from the South American GLAMURS (Green Lifestyles, Alternative Models and Upscaling 

Regional Sustainability) stress the role of sustainable initiatives to compose community of people who 

engage in a process of collective learning around a common theme or activity. An anthropological 

research article on permaculture (HALUZA, 2010) provides a compelling argument on how these 

initiatives, often considered as niches that are hardly considered scalable, provide a conductive 

environment to develop different values and to practice and develop lifestyles more in balance with the 

carrying capacity of our planet. Moreover, the social fabric produced is likely to result in more 

resilient communities, able to adapt to changes in the environment and providing a safety net in times 

of change.  

 

WeTest is an application of the model developed in Chapter 3 to develop collaborative water 

monitoring. We used properties P1 (personal value) and P2 (collective value) to design a water quality 

measurement that would develop an Initiator perception of water among participants. The objective of 

the pilot was to take participant to individually value water (P1) and collectively care for water (P2). 

WeTest is a protocol of collaborative water quality monitoring that aims at developing Initiator 

archetype among participants. WeTest assumes that developing the Initiator perception of water issue 

among participants is possible according to three hypotheses: 

 H1: Measuring water contamination is a way for people developing the Uncouscious 

archetype to realize that water quality is an issue.  

 H2: Measuring water contamination is a way for people developing a Follower archetype to 

relate the collective rules of caring for water to a personal experience. 

 H3: Giving the form of social movement to the monitoring experience is a way to take 

participant developing the Philosopher, Uncouscious and Follower archetypes to feel 

empowered taking part to collective action and to become Initiator of the initiative.  
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A first WeTest pilot was run in the local school of Piramanha community in Belem de Para in June 

2016. Students experienced monitoring water quality during an educative event organized in the frame 

of WeTest pilot. WeTest performed monitoring activities with 2 groups of 30 children aged 6-8 and 

10-14 years old. WeTest designed the monitoring activity according to H1, H2 and H3. WeTest 

distributed water quality sensors that were used to initiate a game aiming to take participants to 

experiment the Initiators archetype.  

 

 

 

Figure 10 WeTest pilot in Belem elementary school, June 2016 

 

i. First activity: monitoring water quality on the theme of treasure hunt. Together with WeTest 

education team, the children tested water quality around the school. They were provided with 

a map and sensors. They defined locations where to investigate water quality around the 

school. Participants received points for their course of educação ambiental 6
 according to the 

number of tests they accomplished  

 

 

 

 

 

 

 

 

 

                                                     
6
 Environment education 
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ii. Second activity: engaging the participant to personally value water passing through a narrative 

inspired by escape game. Participants were invited to resolve riddles on their water uses. They 

discovered why some actions affect water resources and learn about the relation between 

ecosystem health and human activities on the planet. 

 

iii. Third activity: discovering good practice and initiating the others to change. During a final 

brainstorm participants concluded on what they could do to become Initiator and improve 

water quality at their scale.  

These activities initiated the participant to water monitoring and prepared them to initiate collaboration 

with management. Participants were enthusiastic and participation active. Children demonstrated 

creativity to test different waters: drinking water, water from different taps river and well. Educations 

managers appreciated the contribution the pilot could have to support their task. WeTest was 

interpreted as an independent sensing system that could help the community to claim investments in 

sanitation.  

The WeTest initiative was supported and promoted at the World Water Forum opening event in Belem 

“Rumo a Brasilia 2018”
7
. At this occasion, it was suggested to work on a large scale version of 

WeTest to evaluate the model contribution to develop collaborative water management practices: 

 Collaboration with the Parlamento National a Juventud pela Agua
8
 and the World Youth 

Parliament for Water was imagined as a relevant way to run pilots in Brazil and in the world.  

 Collaboration with the School of Chemistry of the Sao Paulo University was imagined as a 

promising opportunity to design sensors adapted to large scale water monitoring. 

 

                                                     
7
 RumoaBrasilia is an initiative to open the World Water Forum to the participation of water drinkers 

http://rumoabrasilia2018.com.br/ 
8
 Brazilian National Youth Parliament for Water 

Figure 11 Children fond out sensing spots and performed measurement under 

the supervision of a WeTest team member. The tests changes colors with 

water contamination. At completion of the mission, the sensors were collected 

and participants rewarded. 
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Figure 12 Presenting WeTest first results at Rumo a Brasilia event in Belem, 12/06/2016 

The thematic addressed along this pilot was ‘Initiating collaborative water management approach”. 

WeTest pilot explored the possible a transition towards an Initiator culture working with participants 

at an age when they are impressionable. As a further research, we suggest to develop the WeTest 

initiative and monitor changes in lifestyles on the long term in a sample group of participants. 

Interviews could assess the spreading of such a behavior and multiplier effect on schoolmates and 

family. Such a research would allow evaluating the potential of WeTest to empower individuals 

through collaborative monitoring initiatives and potential collaboration to tackle adaptation issues.  

 

We suggest developing the WeTest initiative the following way: 

1. Developing a low cost water sensing technology in collaboration with USP 

University 
 

WeTest has the potential to initiate participant changing behavior toward water issues. However it 

relies on sensing water quality and requires a low cost sensing technology to be developed. This issue 

was addressed collaborating with USP University to develop electronic tongues, a low cost sensing 

technology that allows measuring the concentration of water chemicals present via a mobile App. This 

section presents how the research of Assistant Professor Thiago R.L.C Paixão at Univesity of Sao 

Paulo / Institute of Chemistry could be applied to develop a low cost water sensor that could be used 

to develop the WeTest collaborative water quality monitoring initiative. 

 

Smart paper sensors are realized using chromatographic paper, similar to coffee filters. Wax patterns 

are printed on the paper to design reaction sites. Reagents are immobilized on these specific places to 

react with chemical substance. They are thousands substance possible to test with such a sensor. For 

example, WeTest technology was used specific reactants Creatine, Aniline and Kl/H+ to design a 

cheap and reliable way for airport security to detect HMTD explosives. 
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Creatine, Aniline and Kl/H+ reactants where deposit on sites 1, 2 and 3 and bring in contact with 

samples to be tested. A picture is taken from a mobile phone. The WeTest mobile App is used to 

process the picture and determine if sample contains HMTD explosive particles. In this precise 

example, we used Iphone 5s IOS 6. The case on the smartphone is not mandatory.  

 

 

Figure 14 Testing HMTD explosive particules 

The phone software is used to recognize the color of the reactants on site 1, 2 and 3. The App traces 

the difference map of the RGB characteristics of the reactants site. RGB means Red, Green and Blue. 

These are the three fundamental colors used to encode all the visible color. RGB is like the x, y and z 

coordinate of a graph. Any color has a unique RGB coordinate. Chemical reaction of the sample 

solution with reactants change the RGB of the sites 1, 2 and 3. The App performs a statistical analysis 

(principal components) and compares the color map to a data base. The pattern of the color change is 

recognized. It allows to identify the chemicals present in the sample and to calculate their 

concentration.  

 

Figure 13 Creation of a sensor to detect HMTD explosive; 

reactants are deposit on sites 1, 2 and 3 
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Using the same methodology a wide range of chemicals can be detected depending of the reactant 

used. So far the USP technology has been applied successfully to test: 

 The concentrations of the following chemicals in water: Iron, Led, Nitrates, Phenol 

(pesticide), Nickel, Mercury and other heavy metals. 

 The quality of the following products: wine, milk, whisky, ethanol, meat (bacteria), gunshot 

residues and drugs (Paracetamol, Phenacetin, Cocaïne).  

WeTest suggest to designed smart logos for participant to enjoy monitoring with WeTest. The 

smart logos are designed to be extremely user friendly and permit identification of the customer with 

the results. The end user experiences fun and self-importance when using a smart logo. The design 

chosen to activate the smart logo is the “selftest”. The end user logs the data into the cloud with a 

selfie picture with the smart logo. This sampling strategy contributes to spreading around the 

information (become viral) and to incentivize end user’s contacts to appreciate his contribution for 

what collectively matters  

 

  

  

  

 

 

  

  

Figure 15 The mobile App monitors the color change with RGB code and identify the 

components present in the sample with a PCA analysis 

Figure 16   Left: Water test for Nitrates, Phenol, Led, Iron and Nikel; T.Paixao USP University.  

   Right: Data point collection, color change is a function of concentration of the chemicals 
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WeTest suggest rewarding the participants with points on a gamified interface. The interface is 

personalized. It represents the Initiator as the hero of his social life and turns the monitoring into a 

supervised epic quest. Performing monitoring mission, the end-user wins points and pass levels of 

experience. He wins importance among the WeTest community of users. Progressing in the App, the 

end user learns to treat the data on the cloud, to use their smart logo for new monitoring missions and 

to suggest solutions to encounter issues. The App provides users with interactive maps that permit to 

visualize the impacts of their local action at the macro and management levels.  

 

Figure 17 WeTest interface 

 

2. Running monitoring projects in schools in collaboration with the PNJA 

and WYPW 
 

The Brazilian and World Youth Parliaments for Water expect to present the contribution from civil 

society to water at the occasion of the World Water and Citizen Forums that will be hold in Brasilia in 

March 2018. Youth Water Parliaments appear as an appropriate operational network to scale up the 

WeTest pilot and bring maps of water quality and local water issues investigation to water 

management. After discussing with Young Water Leaders (Appendix 2) it was agreed to scale up the 

WeTest pilot according to the following milestones:   

Reaching 500 children in Rio de Janeiro: This represents 10 groups of 50 students; the objective 

would be reached in 6 months. WeTest will operate in parallel within rich and poor neighborhoods and 

investigate differences in water quality between the areas through the school projects. In Rio de 

Janeiro WeTest is backed up by a strong associative network of the that will fund the 500 sensors 
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required and open access to remote schools and contribute to run the first pilots. Launch of the Rio de 

Janeiro pilot would be at the start of the school year 2017. Reaching 500 children aged 6-8 years old, 

WeTest will launch two new programs adapted to children aged 9 to 12 years old and 13 to 16 years 

old. The long term objective of WeTest is to offer missions for all generations in order to guide 

WeTest early adopters throughout their life. 

 

Reaching 12500 additional students in Brazil: This figure represents the expansion of the Rio de 

Janeiro pilot to the others 25 Brazilian states; it represents 250 groups of 50 students. In order to 

spread WeTest in the country, WeTest will rely on the Brazilian National Youth Parliament for Water 

(Parlamento National da Juventud pela Agua - PNJA). Member of the PNJA will be in charge of 

organizing 10 WeTest events in schools of the state he is representing. The second pilot will be in 

Florianopolis whose municipality is aiming to be an example in collaborative management faces some 

trouble adapting citizen’s behavior to sustainability. This second initiative will aim to broaden 

partnership with private companies to fund the necessary 12500 sensors. 

 

Reaching 35000 additional students worldwide: This number represents the expansion of the 

Brazilian success to the 70 states represented in the World Youth Water Parliament (WYWP). It 

represents 700 groups of 50 students. The objective will lead WeTest to global expansion. In order to 

spread worldwide, WeTest will rely on the WYWP: every member of the WYWP will be in charge of 

organizing 10 WeTest events in schools of the state he is representing. The objective will be reached 

in one year. 

 

3. WeTest financing strategy: expanding collaboration with civil society to 

the private sector 
 

WeTest financing strategy is to expand its collaboration model to the private sector. WeTest intends to 

become a social business that would offers management a model of collaboration with customer to 

monitor and evaluate their products and services.  

WeTest intends to give customers the power to monitor and evaluate products using sensors and 

collaborate with management to improve their service. WeTest would connect companies willing to 

improve their activities with customers willing to access better services. WeTest suggests that these 

two needs can be combined into a platform that would contribute to create value. 

WeTest collaborative model offers businesses an innovative solution to improve their monitoring and 

evaluation process and revolutions marketing and corporate social responsibility strategies. WeTest 

offers smart logos that can be used on business cards, packaging and communication material to turn 
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it smart and interact with end user. WeTest smart logos contain a sensor that can be used by customers 

to collect data on an open source platform. Through the WeTest interface, customers become Initiator. 

They win credits on the WeTest App collecting the data. The data are accessible for the company to 

improve productive process, marketing and communication with their customers.  

Providing customers with a product that better fulfill their needs is the objective of management. 

WeTest adds value to any products labeled with a smart logo giving the opportunity to customers to 

contribute to public good. Using WeTest app and smart logo, customer can initiate change. WeTest 

creates value for management providing valuable data on the environment, evaluating products and 

services, improving activities with the help of customer basis.  

WeTest clients join a Water alliance of management with customers to collectively doing better. 

Companies are invited to use this logo on their visit card or products for their customer to contribute 

to public good with them. 

Consider the following example. NuMundo Company ordered WeTest business cards that were 

distributed to end users during and event. The end-user recognizes a WeTest smart logo, enters on the 

WeTest interface that specify him how to make a test. In that specific case, the Initiator must drop 

water on Numundo’s planet and to take a photo of the leaf changing of color. The App recognizes the 

color change and logs the result in the data base. Together with private sector, final customer 

contributed to common good sharing important information on water quality. 

 

 

 

 

WeTest smart logos are low cost. The cost of prototyping water quality sensor (Figure 10) is 5 reals. It 

is assumed that economy of scale would significantly lower the production costs and permits WeTest 

technology to be price competitive.  

In addition to the smart logo companies are charged a membership for their participation to the 

WeTest Water alliance. This membership is similar to the use of a logo and contributes to making the 

WeTest Labeling System. WeTest smart logos can be used in exchange for pledging a certain 

percentage of profits on the labeled products. Companies sign a three-year contract in order to ensure 

commitment to their pledge. This pledge is referred as the membership of the company to the WeTest 

Water alliance. The fund is used to further develop WeTest activities.  

Figure 18 WeTest prototype for private 

sector: the NuMundo business card.  
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Product Cost Smart logo and 

packaging 

Pledged Amount: 

Membership 

0-10 Reals XReals 2 Cent 

10.01-100 Reals XReals 10 Cent 

100.01-upwards Realsuros XReals 1 Reals 

Table 6 WeTest services for B2B segments. X accounts for the production costs of the sensor; X depends on the 

complexity of the sensor; X = 5Reals for a water sensor. The membership money constitutes the fund used to sustain 

the WeTest incentive system and scale. 

 

WeTest labeling model has been used to fund AIDS research. It generated more than $150 million in 

revenue per year. Another example is the UNITAD fund that was introduced by the government of 

Brazil and France. This fund put a one-euro tax on each flight originating in their respective countries. 

The idea behind such projects is already present in the private sector that is ready to contribute to build 

social and shared value. 

The private sector has launched massive advertising campaigns based on themes such as optimism, 

change and a greener world, WeTest offers an opportunity for these companies to translate their 

messages into tangible actions and results by joining the WeTest Water alliance. WeTest targets the 

private sector’s corporate social responsibility and marketing. As a first step, companies are offered 

smart logos adapted to the packaging on their products and to their business cards.  

WeTest would negotiate with different companies the amount of their contribution for using the smart 

logos. The contribution would be a standard 2 Reals Cent charge per use of the logo on a product 

costing 1-10 Reals, 10 Reals Cent on a product costing 11-100 Reals, and Reals on a product costing 

101 and upwards. WeTest would set very strict usage policy (to be developed by the marketing team) 

for any company that would use the logo in order to keep WeTest smart logos integrity.  

WeTest would target 10 champion companies for initial membership & possible start-up funds that 

have high visibility in the customer market for the kick-off of the initiative and logo introduction. The 

10 champion companies, as the first members of the WeTest water alliance, would be entitled to a 

lower pay-back rate to use WeTest smart logos. Companies that contribute to the start-up fund be 

recognized as “Founding Members of the WeTest Water alliance” in promotional printed material and 

the website. 

 

WeTest will target companies that share values and organization culture. WeTest will target urban 

communities, social enterprises and government agencies to launch a new market trend where 

customers and producers work together to create social value testing water quality.   
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Conclusion 
 

This research reviewed evidence about water issues and led us to design a pilot study of collaborative 

water monitoring in Belem. 

The literature review (chapter 1) addressed the climatic and human factors driving qualitative and 

quantitative water issues. We described the impact of water issues on the economy, the environment 

and society, both at the global and the Brazilian scales. We exposed the necessity to better manage 

water demand. We described the uses of economic instruments to limit water consumption and 

redistribute water to the most productive activities. We emphasized the limits of implementing 

economic instruments and the difficulties to price water at market value. We analyzed the necessity of 

integrating uncertainty in decision making and the need to develop adaptive water policies. Finally, we 

pointed out that opening scientific expertise to citizen’ participation could be a driving factor of the 

precautionary principle supported by new technologies. 

In the experimental part of this thesis (chapter 2, 3 and 4), the drivers of citizen’ participation to 

adaptive water policy making were addressed. Observations, field work and interviews were used to 

collect data on citizens’ perceptions of water issues. Qualitative analysis allowed us to model four 

archetypes of citizens’ perception of water issues. The model was used to design a pilot study to 

develop collaborative water monitoring. A pilot of the WeTest project was successfully implemented 

in the local school of the Piramanha community in Belem de Para. The early results were presented at 

the Rumo a Brasilia 2018 event in Belem. Management representatives were supportive of potential 

developments of WeTest at the World Water Forum. 

The research suggests that it is of interest for management to develop tools for collaborative water 

management. This research showed that water awareness is driven both by individual and collective 

values. The participant’s involvement in interviews and in the pilot study demonstrated their interest in 

being actors of the resolution of water issues. 

The Belem WeTest pilot met the participants’ expectations and aroused interests among management. 

However, quantitative metrics should be introduced to assess the WeTest impact on changing 

participants’ perceptions of water resources on the long run. In the perspective of developing WeTest 

in collaboration with the World Water Forum, it would be interesting to evaluate the stability of the 

model on a bigger sample including different nationalities. Finally, in order to scale the pilot up to a 

sustainable social business, the WeTest model of value creation should be formatted using business 

canvas model methodology.  

In recent years the discussion of the causes and effects of environmental issues become more intensive 

and urgent. While there are frequent calls for global solutions, the factors that motivate societal 
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changes and the transformation processes must be addressed. This research suggests that the 

development of sensors connected to smartphones could trigger societal changes opening the gate to 

citizen monitoring of the environment. Our model states that participative actions can drive individual 

behavior changes. Collaborative science contributes to put citizens at the center of environmental 

policies making and to develop a holistic view of the earth system among population. Developing a 

citizen platform for collaborative environmental monitoring would be socially innovative and would 

contribute to design bottom up policies to address environmental challenges. 
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APPENDIX 1: Field inquiry 
 

 Percepção sobre a água 

 Pense por uns segundos sobre a água na sua vida, rotina etc. Como você 

descreve o seu uso e importância da água na sua vida? 

 Como você define água de qualidade ou água pura? 

 Você tem acesso a água com qualidade e na quantidade que precisa?  

 Você confia que a água que sai da sua torneira/chuveiro tem qualidade? 

 

 Percepção sobre a crise hídrica 

 A crise hídrica que estamos atravessando afetou a sua vida/rotina de alguma 

forma? 

 Na sua opinião, quais os motivos da crise hídrica no Brasil? 

 Qual a influência das mudanças climáticas nessa crise? 

 Qual a influência da (má) gestão hídrica nessa crise? 

 

 Percepção sobre o acesso a água no futuro 

 Como você imagina que será o acesso a água no próximo ano? E nos 

próximos 5-10 anos? 

 Você acredita que no futuro terá acesso a água de qualidade e com a 

quantidade que precisa? 

 

 Percepção sobre a gestão hídrica atual e estratégias necessárias 

 Você entende como se configura a gestão hídrica na atualidade? Qual o papel 

dos atores governo, empresas, instituições de pesquisa etc.? 

 Mas, independente de conhecer, confiam que eles estejam fazendo um bom 

trabalho? 
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APPENDIX 2: Water cards and collaboration letters 
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Figure 19 Conclusion of the Rumo a Brasilia event in Belem, June 2016 
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Figure 20 Declaration of the South American section of the World Youth Parliament for Water 

 

 

 

 

 

 

 

 

 

 

 



67 

 

 

Figure 21 Collaboration Letter with the WYPW 
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Figure 22 Collaboration letter with USP University 

 

 

 

 

 

 

REFERENCES 
ALLAN, T ; Productive efficiency and allocative efficiency: why better water management may not 

solve the problem. Agricultural Water Management, 40, 1999. 71-75. 

ANA ; Atlas of Brazil, Volumes 1 and 2, Brasilia : EngeCorps, 2010 

ANSE ; L'expertise scientifique : dispositifs et nouveaux enjeux, 2013, 

https://www.anses.fr/fr/content/colloques-sciencespo-anses 

APUBLICA; Da para beber essa agua?, 2014,  http://apublica.org/2014/03/da-para-beber-essa-agua/ 

BACKEBERG, G. R. ; Water institutions, markets and decentralised resource management: prospects 

for innovative policy reforms in irrigated agriculture. Agrekon, Vol. 36, n. 4, Dezembro 1997. 350-

384. 



69 

 

BAUER C. J.; Bringing Water Markets Down to Earth: The Political Economy of Water Rights in 

Chile, 1976-95 World Development, Vol. 25, No. 5, pp. 639-656,1997 

BERMAN J; On the Town: One Hundred Years of Spectacle in Times Square, 2006, New York: 

Penguin 

 

BORMAN, B.T ; Ecological stewardship: a common reference for ecosystem management, Elsevier 

Science Ltd.: 505-534. Vol. 3, 1999 

BHATIA, R.; CESTTI, R.; WINPENNY, J. ; Water conservation and reallocation: “best practice” 

cases in improving economic efficiency and environmental quality. World Bank Technical Paper, 

Washington, D.C., 1993. 

BOLAND, J. J ; WHITTINGTON, D. ; The political economy of water tariff design in developing 

countries: increasing block tariffs versus uniform price with rebate. In: DINAR, A. The Political 

Economy of Water Pricing Reforms. Oxford: Oxford University Press, 2000. p. 215–235. 

BRISCOE, J ; Water as an economic good: the idia and what it means in practice. World Congress of 

the International Commission on Irrigation and Drainage Report. Cairo, Egito: ICID. 1996. 

CALIFORNIAN WATER SHED PROGRAM ; Eliot T.S, what is watershed management, 2014 

http://www.conservation.ca.gov watershed@conservation.ca.gov  

CARVALHO C. E ; Paths to universalize water and sewage services in Brazil: The role of regulatory 

authorities in promoting efficient service, Utilities Policy,  Elsevier, 34 (2015) 1e10  

CAMPOS, J. N. B.; STUDART, T. M. D. C ; Alocação e Realocação do Direito de Uso da Água: 

Uma Proposta de Modelo de Mercado Limitado no Espaço. Revista Brasileira de Recursos Hídricos, 

7, n. 2, Abr/Jun 2002. 5-16. 

CANTIN, B ; SHRUBSOLE, D.; Using Economic Instruments for Water Demand Management: 

Introduction. Canadian Water Resources Journal, 30, n. 1, 2005. 1-10. 

CARRINGTON, D ; The Anthropocene epoch: scientists declare dawn of human-influenced age, The 

Guardian, August 29, 2016. 

COLORADO RIVER ECOSYSTEM COMMITTEE ; Downstream Adaptive Management of Glen 

Canyon, Colorado: National Research Council, 1999 

DAB W. ; Air pollution: epidemiological approach, Medicine Sciences, 2006, No. 7, 22(6):589-594 

DA SILVA R. U ; ocorrencia de agrotoxicos em aguas subterraneas de areas adjacentes a lavouras de 

arroz irrigado, Quimica Nova, Vol. 34, No. 5, 748-752, 2011  

DIAMOND J ; Collapse, How society choose to fail or succeed, New York: Penguin, 2005 

ELLISON D ; On the forest cover–water yield debate: from demand- to supply-side thinking, Global 

Change Biology. Mar; 18(3): 806–820, 2012 

EXLEY C. ; Severe cerebral congophilic angiopathy coincident with increased brain aluminium in a 

resident of Camelford, Cornwall, UK, Journal of Neurology, Neurosurgery and Psychiatry, 2006 



70 

 

FRANCE LIBERTE ; Qualité de l'eau, à qui faire confiance? Mensuel - N° 481 - avril 2013 

http://www.60millions-mag.com/kiosque/qualite-de-l-eau-qui-faire-confiance 

 

FULLER S ; The Philosophy of Science and Technology Studies, Routledge: Viking, 2006. 

FREITAG B ; Habermas e a teoria da modernidade, Salvador: Libre Pensar,1995 

GESAMP, Joint Group of Experts on the Scientific Aspects of Marine Environmental Protection 

Report of the Thirty first Session, New York, 13-17 August 2001.  

GIZMODO ; Analise quimica das aguas do Brasil, gizmodo.uol.com.br/quimica-agua-analise/ 2014 

GIZMODO ; Dispositivo com papel para detectar zika virus, http://gizmodo.uol.com.br/dispositivo-

com-papel-detecta-virus-zika/ 2015 

GOC ; 2016, http://www.some.ox.ac.uk/research/global-ocean-commission/ 

GREER J.M ; The wealth of nature – Economics as if survival mattered, 2011, New Society 

Publishers: Washington, ISBN 978-0-86571-673-5 

GRIMBLE, R. J. ; Economic instruments for improving water use efficiency: theory and practice. 

Agricultural Water Management, 40, 1999. 77-82. 

HAZELEGER W ; Tales of future weather, Nature Climate Change, Vol 5, February 2015 

 

HOLM, P. ; Linking Water Quality to Human Health and Environment, The Fate of Micropollutants 

AUGUST 2011 Serial No.IWP/WP/No.3/2011 

ICWE ; The Dublin Statement on Water and Sustainable Development, International Conference on 

Water and the Environment Report, Dublin. 1992. 

JAMESSON F ; O posmodernismo e sociedade de consumo, Sao Paulo: Novos Estudos, 1985 

 

JOHANSSON, R. C. ; Pricing irrigation water: a review of theory and practice. Water Policy, 4, 2002. 

173-199. 

JONKO A ; Adapting to nonlinear change, Nature Climate Change, Vol 5 February 2015 

KUHN, T. ; The structure of Scientific Revolutions, 1962, Chicago: University of Chicago Press 

LE MOIGNE, G.; DINAR, A.; GILTNER, S ; Principles for the allocation of water among economic 

sectors. International Seminar on Economic aspects of water management in the Mediterranean Area 

Report, Marakech, Morocco, 1995. 

LE MONDE ; Martine Velo, Le stress hydrique au menu du forum mondial de l’eau, 13.04.2015, 

http://abonnes.lemonde.fr/ressources-naturelles/article/2015/04/13/le-stress-hydrique-au-menu-du-

forum-mondial-de-l-eau_4614999_1652731.html  

LE MONDE ; Martine Valo La cour des compte étrille la gestion des agences de l’eau, Le Monde 

11/02/2015, http://abonnes.lemonde.fr/ressources-naturelles/article/2015/02/11/la-cour-des-compte-

etrille-la-gestion-des-agences-de-l-eau_4574335_1652731.html  



71 

 

LIU, J.; SAVENIJE, X ; Water as an economic good and water tariff design: Comparison between 

IBT-con and IRT-cap. Physics and Chemistry of the Earth, 28, 2003. 209-217. 

LIVINGSTON, M. L ; Designing water institutions: Market failures and institutional response. Water 

Resources Management, Vol 9, 1995. 

 

LOCKYER J. ; Engaging Ecotopia: Bioregionalism, Permaculture, and Ecovillage, Environmental 

Anthropology and Ethnobiology, 2013 

MARENGO J. ; Water and Climate Change NASA Space Flight Center, communicate on NASA 

GRACE mission 28 OCT2015 

 

MARTIN B ; Scientific knowledge, controversy, and public decision-making, Handbook of Science 

and Technology Studies , pp. 506-526, 1995 

 

MASLOW, A.H ;A theory of human motivation,  Psychological Review. No 50 (4): 370–96, 1943 

MAYER, P. ; Water Budgets and Rate Structures: Innovative Management Tools, American Water 

Works Association. 2008. 

NERA. A ; Tradable Permits for Water Use: An Overview of Concepts and Experience, National 

Economic Research Associates, Inc. Calgary, Alberta & Cambridge, Massachusetts. 1992. 

NSIS ; 2012 http://www.tratabrasil.org.br/saneamento-no-brasil 

NHS ; 2013 http://www.tratabrasil.org.br/saneamento-no-brasil 

O'CONNOR D. ; Applying economic instruments in developing countries: from theory to 

implementation. Environment and Development Economics, Paris, France, 4, 1998. 91-110. 

OLMSTEAD, S. M.; STAVINS, R. N. ; Managing Water Demand: Price vs. Non-Price Conservation 

Programs. Pioneer Institute. Boston, MA, p. 47. 2007. 

OMS ; L'utilisation des tests diagnostiques rapides du paludisme, SBN 92 9061 188 X (NLM WC 

750), 2004 

 

OPSCHOOR, J. B ; Water and merit goods, International Environmental Agreements: Politics, Law 

and Economics, December 2006, Volume 6, Issue 4, pp 423–428 

PAHL-WOST C ; Managing change toward adaptive water management through social learning. 

Ecology and Society, No12(2): 30. 2007 

 

PORTER, J ; Measuring Shared Value, Harvard Business Review Jan/Feb2011, Vol 89 Issue 1/2 p62-

77 

RENWICK, M.; ARCHIBALD, S ; Demand side management policies for residential water use: who 

bears the conservation burden? Land Economics, 74, n. 3, 1998. 343-359. 

REYNAUD, A. ; RENZETTI, S. Micro-Economic Analysis of the Impact of Pricing Structures on 

Residential Water Demand in Canada. Environment Canada Report. [S.l.]. 2004. 



72 

 

RIP, A ; Controversies as informal technology assessment, Science Communication 8(2):349-371 · 

December 1986  

ROSEGRANT, M. W.; GAZMURI, R. ; Reforming water allocation policy through markets in 

tradable water rights: lessons from Chile, Mexico, and California, International Food Policy Research 

Institute Report. Washington, D.C. 1994. 

ROSENBERG, R ; The Spreading dead zones and consequences for marine ecosystems, Sciences, 

2008, 15;321(5891):926-9. doi: 10.1126/science.1156401.  

RUMOABRASILIA ; http://rumoabrasilia2018.com.br/projeto.php 

SCHUMACHER, A ; Economics of nature - Small Is Beautiful: A Study Of Economics As If People 

Mattered, 1973 Hartley & Marks Publishers (ISBN 0-88179-169-5) 

SCHEWE and HEINKE ; Multi-model assessment of water scarcity under Climate Change, 

Proceedings of the National Academy of Sciences, DOI: 10.1073/pnas.1222460110, 2014 

STERN, N. ; Review on The Economics of Climate Change (pre-publication edition), HM Treasury, 

London. 2006 

TIETENBERG, T.; LEWIS, L ; Environmental & natural resource economics, 9. ed. Upper Saddle 

River, New Jersey: Pearson Education, Inc, 2012. 

THOMSON REUTER FOUNDATION ; Chris Arsenault, http://reliefweb.int/report/brazil/new-nasa-

data-shows-brazils-drought-deeper-thought, 30 Oct 2015, 

TRATA BRASIL  ; Perdas de Água: Desafios ao Avanço do Saneamento Básico e à Escassez Hídrica 

2015, http://www.tratabrasil.org.br/saneamento-no-brasil 

UNICEF ; Progress on Sanitation and Drinking-Water, UNICEF ISBN: 978-92-4-150329-7 

UNITED NATIONS ; Water for people, water for life, United Nation World Water Development 

Report, 2003 

UN WATER ; Report on the Development of Water Resources, 2015, Paris, UNESCO 

UN WATER ; Report on the Development of Water Resources, 2013, Paris, UNESCO 

UNESCO ; Guidelines for drinking-water quality, Who Press, ISBN 978 92 4 154815 1, 2011 

UNESCO ; Una historia de 10anos: la década del agua para la vida, 2015, Paris, UNESCO 

VOGEL D. ; The Politics of Risk Regulation in Europe and the United States, Yearbook of European 

Environmental Law Volume 3, (2003) 

WILLIAMS C. ; Knowledge and adaptive capacity, Nature Climate Change 5, 82–83 (2015) 

doi:10.1038/nclimate2476, 2015 

WORD BANK ; http://www.worldbank.org/en/news/press-release/2016/05/03/climate-driven-water-

scarcity-could-hit-economic-growth-by-up-to-6-percent-in-some-regions-says-world-bank 

ZARNIKAU, J. ; Spot market pricing of water resources and efficient means of rationing water 

resources during scarcity. Resource and Energy Economics, 16, n. 3, 1994. 189-210. 



73 

 

ZETLAND, D. ; The End of Abundance: economic solutions to water scarcity, Aguanomics Press, 

Amstedam, 2011. p. 2-23. 

ZETLAND, D ; Living with Water Scarcity; Aguanomics Press, Amsterdam 2014. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


