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Encouraging awareness and knowledge in society in which concerns the 
worth of water and its status in our planet is a fundamental task of our 
times. Like in many places around the world, American countries face 
water problems that demand a better management in order to fulfill 
people’s demands.

Such problems include: scarcity and pollution of water, the need for 
better water management, the lack of ecological order, the impact of 
climate change on the water cycle and the low investment in research and 
technological development in countries.

Hence the idea of writing this book which consists of 15 chapters, most of 
them written by several authors who take care of the particularities and 
needs of their countries. This work brings together the opinions and 
knowledge of 66 specialists in the field of water coming from Argentina, 
Bolivia, Brazil, Canada, Chile, Colombia, Costa Rica, Cuba, United States, 
Guatemala, Mexico, Nicaragua, Peru, Dominican Republic and Venezuela 
which comprise the Water Program of IANAS.

It will be seen, that challenges regarding water in the continent are 
remarkable: scarcity, pollution and climate change impact. Facing these 
issues requires a strengthened management where all the users work 
together.
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This book provides, for the first time, an assessment of water resources in the 
Americas. We report the diagnosis of 15 countries.

Water is vital for human life, we use water to drink, to grow our food, to clean up 
our environment, we use it as a way of transport, for power generation, and a for 
thousands of other purposes. Water resources are limited and are also unevenly 
distributed in the regions of the world.

In America, the Atacama region in Chile is famous for an almost total absence 
of rain, in the same sense, the communities of the arid deserts in southwestern 
North America, are engaged in a constant battle against lack of water for human 
life. In contrast, other regions such as the Amazon basin are equally famous for 
its abundance of water, however; even that abundance can be threatened by 
changing weather patterns.

There is one fact about water that stands above among any other: the current 
patterns of water used are unsustainable in many regions of the world, including 
major portions of the American continent. 
One of the greatest challenges of the XXI century will be to improve our 
management and use of water, to ensure that this critical resource supports a 
world population of nine billion or more in 2050. A substantial contribution to 
overcome this challenge is the effective use of science to improve the use of our 
water resources

The effective use of science means not only to create new knowledge, but also 
to translate this scientific knowledge towards the open public, so that new 
technologies and new concepts can be implemented quickly.

This volume is the result of a project of the “Water Network” which is part of the 
“Inter-American Network of Academies of Science” (IANAS). Our organization 
is the network of science academies on the American Continent, created from 
the initiative and the spirit encouraged by the operation of the “Inter-Academic 
Panel” (IAP), which brings together more than one hundred national science 
academies worldwide.

IANAS members are all the countries that have established an academy of 
sciences. IANAS’s mission is to foster cooperation between the academies of 
sciences and promote their participation as relevant actors in the development 
of the countries of the region. IANAS bases its operation on programs. The Water 
Program completes its first stage with the publication of this volume: Diagnosis 
of water in the Americas. The diagnosis of each country is the result of the work 
of scientific networks in each of the member academies of IANAS. This work 
was coordinated by José Galizia Tundisi from Brazil, and Blanca Jiménez from 
Mexico. Both of them co-chair the program.

Prologue





Availability of good quality water in extended amounts is a key element to 
economically and socially develop continents, countries and regions.

The American continent hosts a diverse group of countries which have 
geographical, historical, economic, social and ecological differences, generating 
different structures of water resource’s availability and management.

In these countries and regions, water can be abundant, scarce or even rare. The 
multiple uses of water in agriculture, industry or domestic supply, is a complex 
matter that requires implementing an integrated handling which is difficult to 
accomplish. Also, since human activities have a daily impact on surface and 
underground water and given the high rate of worldwide urbanization; the 
availability of the resource is deteriorated on daily bases by pollution and fatigue 
causing a severe negative effect to the public health and to the ecosystems; thus 
creating a serious safety problem for the entire world.

We hope that the inputs presented in this book, be representative of the diversity 
in the availability of water, pollution problems and public policy strategies on 
the continent. The policy of water management change considerably in the 
countries: laws and public policies are diverse and are found at different stages 
of development. The comparative description of the status of water policy 
and its availability or lack of it in such different countries will certainly be useful 
information to increase the exchange of policies and technical experiences.

The editors are confident that this book will be very useful to strengthen the 
study of water resources in the different countries of the American continent, 
providing in this context its share to the development of public policies.

The editors thank extensively the efforts of all the authors of this text as well 
as those who participated as coordinators of national texts as members of the 
IANAS Water Network. Blanca Jiménez-Cisneros PhD and José Galizia-Tundisi 
PhD, thank the Mexican Academy of Sciences, the Brazilian Academy of Sciences 
and the IANAS Directive Committee for their support in the production of this 
text. The editors also acknowledge the support of the Engineering Institute of 
the National Autonomous University of Mexico.

Blanca Jiménez-Cisneros
Co-Chair Water Program

IANAS

José Galizia-Tundisi
Co-Chair Water Program

IANAS
June 2013
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actions that lead to enabling appropriate 
water availability and its more sensible, 
rational and fair use, ensuring the continuity 
and preservation of a supply that satisfies not 
only human needs regarding quantity, quality, 
time and place, but also productive activities, 
ecosystem conservation and biodiversity. 

The adoption and fulfillment of these objectives 
are a responsibility shared by governments, 
businessmen, specialized professionals, 
technicians and workers, as well as the general 
population; their knowledge regarding the 
importance of water and the urgent need 
to preserve its proper use must constitute 
the necessary support that will allow to 
make reasonable proposals for policies and 
actions and put them into practice. With 
such broad participation, it will be possible to 
make general, regional and sectoral interests 
compatible, and to promote the appropriate 
legislation, management, execution and 
updating of structural measures (physical 
works) and non-structural measures (systems 
for training, setting rates, regulating, controlling 
and diffusion). These actions will encourage and 
enable effective water governance. 

Since 2008, the authors have met periodically 
to promote and organize the content and 
design of this document. They have been 
through the information available, even when 
it has been incomplete, and have come up 
with and discussed proposals which have 
led to the publication of this study as an 
additional contribution for the outreaching 
and analysis of the problems created by 
the use of water. It is not only directed to 
specialists in the subject, but also to the press 
and for distribution to the general public. 

In conclusion, the objective is directed to 
reveal relevant aspects of the issue in an 
orderly manner, as a summary, as a reminder 
of basic information and as a reference 
contribution to move forward on ideas and 
proposals that allow the establishment of 
priorities for action in order to face current and 
future challenges in our country. The following 
persons have coordinated the production of 
the report and proposals “The Issue of Water”: 
the ex-president of the Academia Nacional 
de Ciencias Económicas (National Academy 
for Economic Sciences) José María Dagnino 
Pastore, PhD and its current president Adolfo 
Sturzenegger, PhD; in collaboration with the 
president of the Academia Nacional de Ciencias 
Exactas, Físicas y Naturales (National Academy 
for Exact, Physical and Natural Sciences) 
Eduardo H. Charreau, PhD; and the support 
for publication and diffusion of the report 
from Oscar Verde, president of the Academia 
Nacional de Ingeniería (National Academy for 
Engineering).   

The list of professionals who have personally 
participated in the development of the report 
includes Conrado Bauer, Gustavo Devoto and 
Luis U. Jáuregui, hydraulic and civil engineers 
from the National Academy of Engineering; 
Pablo Bereciartúa, hydraulic and civil engineer; 
Emilio Lentini and Juan Antonio Zapata. PhD., 
specialists in economics; and Mario Valls PhD., 
expert in water law. We finally express our 
acknowledgement regarding the contributions 
on water management of Javier Pascuchi and 
the special contributions of the civil engineering  
Luciana Manzelli, Federica Brenner and 
Augusto Mercadier, economists, and Susana 
D.R. Savoia, PhD. (Technical Secretary of the 
National Academy for Economic Sciences). 
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Region                                                    Precipitation                    Evapotranspiration                          Surplus
           mm/year km3/year mm/year   km3/year mm/year        km3/year

Europe 700 8.290 507 5.230 283 2.970

Asia 740 32.200 416 18.100 324 14.100

Africa 740 22.300 587 17.700 153 4.600

North America 756 18.300 418 10.100 339 8.180

South America 1600 28.400 910 16.200 685 12.200

Oceania 791 7.080 511 4.570 280 2.510

Antarctica
165 2.310 0 0 165 2.310

Total 800 119.000 485 72.000 315 47.000

* Rebouças, Aldo C. et al. “Aguas dulces em Brasil. São Paulo”, Escrituras Editora, 1999

underground and in the oceans, and has a 
variable content of salts (FIG. 1.) (Ramsar, 
2009).

Worldwide, the annual average precipitation 
is 119,000 km3 of which nearly 72,000 km3 
evaporate into the atmosphere. The remaining 
47,000 km3 flow into lakes, reservoirs and 
water currents or they filter into the land, 
partially feeding aquifers. It is calculated that 
between 9,000 km3 and 14,000 km3 of water 
can be used by man (Table 1).

Annual water extraction for human use 
reaches 3,600 km3 while rivers require 2,350 
km3 to maintain minimum ecological flow, 
therefore, 5,950 km3 of the easily available 
water resources are committed. This shows 
how fragile the situation is, considering 
demographic projections and water demand 
as well as accessibility and geographic location 
of the surplus (FAO, 2002). Hydric resources are 
under the pressure of a combination of natural 
and human factors. Climate change and the 
ordinary variation in geographical distribution of 

water are natural aspects that make sustainable 
development of hydric resources difficult. 
Likewise, water resources are influenced 
by the following main anthropic factors: 
population growth, especially in areas where 
water is scarce; major demographic changes 
regarding distribution and concentration of 
the population, as when people move from 
rural to urban areas; greater demand for food 
security and socioeconomic wellbeing; greater 
competition between users, and industrial, 
municipal and agricultural pollution.

FIG. 1. Global Distribution of Water in the World

SOURCE: SHIKLOMANOV AND RODDA (2003), WATER 
AND CROPS”, ONU 2002.

Table 1. The Average Annual Precipitation in the World
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Argentina’s water resources are distributed 
irregularly, two thirds of its territory is 
arid and semi-arid and only one third is 
rich in water sources, most of which are 
surface waters which represent 84% of the 
available water in the country. 

The uncontrolled growth of industrial 
and productive uses and the untreated 
wastewater they discharge, together 
with the disorganized development of 
important marginal human settlements, 
have provoked considerable deterioration 
of hydric resources as a consequence of 
inadequate exploitation and the dumping 
or infiltration of all kinds of contaminating 
substances. This has brought about issues 
related to the development of aquatic life, 
increase in the cost of water purification, 
appearance of water-borne diseases or an 
increase in their incidence, and a decline 
in conditions for the development of 
recreational activities.

Overall, Argentina’s average annual hydric 
supply per inhabitant is greater than 20,000 m3/
inhab., much higher than the threshold for water 
stress adopted by the UNDP (United Nations 
Program for Development) of 1,000 m3/inhab. 
Nevertheless, in spite of this important water 
supply and because it is concentrated in the 
area corresponding to the Rio de la Plata basin, 
there is a serious imbalance between potential 
demand and availability in wide regions in the 
country (Table 2). 
In addition to water quantity, it is relevant to 
consider the quality of available water. In a great 
part of Argentina, for example, groundwater is 
affected by high concentrations of arsenic and 

3.1.3 Water in Argentina
Latin America is one of the regions with the 
greatest wealth in hydric resources, holding 
26% of the world’s water and only 6% of its 
population, while in contrast Asia concentrates 
30% of available water and 60% of the world’s 
population. Nevertheless, Latin America faces 
serious issues with respect to water supply: it 
contains some of the most humid areas on Earth 
and some of the driest deserts, water sources are 
polluted to an important degree and in recent 
decades, the region has been going through 
intense urbanization.  Two thirds of the land 
in Latin America is arid or semiarid, including 
great extensions in the center and north of 
Mexico, northeast Brazil, northwest Argentina, 
northern Chile and areas in Bolivia and Peru. It is 
estimated that one fourth of the Latin American 
population –more than 100 million people– live 
in areas under water stress, mainly in Mexico, 
Argentina and the countries located along the 
western coast of the continent (PNUMA, 1999).

The fact that Latin America is the region with 
the greatest water availability per capita 
does not imply that there are no populations 
suffering from serious water scarcity. The 
region is becoming more dependent on 
the use of its groundwater sources: South 
America obtains 40 to 60% of its water from 
below the surface, while Central America and 
Mexico depend 65% on these sources. In 
Mexico for example, 102 out of 653 aquifers 
are over-exploited. With a population 
demanding more basic services and a model 
for economic development based on the 
exploitation of raw materials, Latin America 
is headed towards the worsening of its 
problems regarding exploitation of its water 
sources (Tribunal Latinoamericano del Agua).

3.1.2 Water in Latin America
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not guarantee the separation of wastes from 
human contact) and the remaining 17% 
resorted to open-air defecation.

In the case of Latin America and the Caribbean, 
80% of the population had access to improved 
sanitation, 14% used non-improved facilities 
and 6% practiced open-air defecation, while 
average sanitation coverage by connection to 
a public network within urban populations in 
Latin America was 57% (BM, 2009).

Argentine Republic
It is considered that 80% of the population in 
Argentina has a home connection to a clean 
water network, and only 47% has a home 
connection to a network of sanitary sewers; 
although this percentage increases to 90% 
if improved sanitation services are included. 
Only 12% of collected wastewaters are 
treated before returning them to receiving 
bodies of water.

It has been calculated that the national 
average drinking water production per 
person is 400 liters per day, although it varies 
widely between one province and another 
from a maximum of 650 l/p/d in San Juan to a 
minimum of 170 l/p/d in La Pampa. 

Non-revenue water is one of the main 
problems concerning efficiency in drinking 
water services. It is estimated that 35 to 
40% of the water produced is lost within 
the network and is under-billed because of 
clandestine connections and poor updating of 
user registry. Thus average water consumed 
in Argentina is estimated at around 250 l/p/d, 
with maximum rates of up to 400 l/p/d.  
Compared to many countries in the world and 

from a water source and use less than 5 liters of 
unsafe water (UNPD, 2006). The average use in 
countries such as Mozambique for example, is 
less than 10 liters per person per day. People in 
less developed countries with difficult access to 
improved water sources tend to consume less 
water because they must travel long distances 
to get to the source, or they must pay excessive 
amounts of money to obtain it. 

On a global scale, in 2008 it was estimated that 
57% of the world’s population had a piped 
connection within their home or plot and 
30% had access to an improve source (tap or 
public source), thus 87%, or approximately 5.9 
million people used clean water or improved 
sources, which implies an increase of 1,800 
million since 1990. However it is worth noting 
that nearly 1,000 million people lack access to 
water with minimal conditions of quantity and 
quality, and if we add families with access to 
water only through an improved source that 
does not comply with clean water standards, 
the number grows to 3,000 million. 

In Latin America and the Caribbean, the 
average piped-water service coverage is 
84%, while other improved sources represent 
9%. Within the region, Uruguay (98%) and 
Chile (93%) have the highest coverage rate 
per network, while Argentina stands at 80%.

Regarding sanitation services worldwide, 
the average access to improved systems 
(facilities that guarantee no contact between 
people and human feces) for the year 2008 
was 61%, while 11% used some form of 
shared sanitation (improved sanitation with 
shared use of facilities, including public 
toilets), 11% used non-improved forms (do 
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into bodies of water (rivers, lakes, oceans) 
without purifying treatment (UNESCO, 2003). 
FIG. 3 is a general representation of the 
distribution of water uses worldwide per low, 
mid and high income nations.

The annual water volume used by industry is 
expected to increase from 752 km3/year (as 
measured in 1995) to an estimated 1,170 km3/
year for the year 2025, and industrial use is 
expected to represent 24% of the total fresh 
water extracted in 2025 (UNESCO, 2003).

Nevertheless, it is possible to separate 
industrial development from environmental 
deterioration, radically reduce the use 
of natural resources and energy and 
simultaneously have clean and profitable 
industries. With the proper incentives, it is 
estimated that industrial water demand can 
be reduced 40 to 90%, even with the existing 
techniques and practices. For these purposes 
water conservation policies that are both fair 

and feasible are essential. There is a wide 
variety of instruments (normative, voluntary 
initiatives, training activities) and consultancy 
available to help industrial managers 
improve the productivity of water use and 
reduce contaminant emissions to extremely 
low levels. At the same time, these actions 
can help production efficiency, as well as 
reduce the use of raw materials, facilitate the 
recovery of useful substances and promote 
the growth of reuse and recycling practices. 

Water and Energy
The world’s hydropower potential is 
approximately equal to the total energy 
consumed at present, although only one fourth 
of this potential is actually used. Consequently to 
this day, hydropower is an important alternative 
to the use of fossil fuels. It is estimated that more 
than 50% of the energy used in 65 countries is 
hydroelectric, in 32 countries it is 80% and in 13 
nations nearly 100% of their energy is supplied 
by hydroelectricity.

FIG. 2 . Areas Under Irrigation in the World (2000)
SOURCE: S. SIEBERT 2005

ARGENTINA



26

The fact that 1/3 of the world’s population 
still has no access to electricity is an incentive 
to consider the alternative of hydroelectricity. 
However, when potential projects and their 
design are to be considered, it is vital to 
contemplate the possible negative impact 
on the environment of each one and plan to 
minimize it.

Hydropower is the most widely tested 
technology for the large scale generation of 
electricity: it does not contaminate water; 
does not consume the resource; produces 
no waste materials and consequently no 
greenhouse gases; has the highest yield of 
all technologies (greater than 90%); uses 
a renewable resource; directly produces 
mechanical energy instead of heat, can be 
obtained by means of machines of many 
different sizes, and generates a group of 
positive externalities. In addition, investment 
in hydropower works that are adequately 
designed and operated allows satisfaction 
of other water uses, such as irrigation, 
supply of drinking and industrial water, 
navigation, fishing, and flood control, as 
well as recreational and tourist activities. 

Hydropower implies a very low operating 
cost, although it requires an important initial 
investment.

Asia is by far the continent with the greatest 
hydroelectric resources and the one which 
maintains the most aggressive policy 
regarding development of hydroelectricity. 
Although South America follows Asia, with 
respect to hydropower resources, they 
are mostly concentrated in Brazil and are 
growing much less rapidly. Europe, North 
America and Australia, in that order, have 
installed a good part of their potential, while 
in Africa the development of hydropower is 
still an unresolved issue, as are many other 
development indicators.   

It must be pointed out that in spite of all 
the advantages mentioned in the previous 
paragraph, special attention must be placed 
on hydropower’s negative effect on the 
environment. This means that the viability 
of any hydroelectric project must include a 
very meticulous assessment of environmental 
impact. If this assessment is positive, it must be 
complemented with a plan for environmental 

FIG. 3. Water Uses
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4.3 Water and Society

4.2.2 Seasonality

4.3.1 Giving Value to Water

and regional growth of water demand have 
all contributed to its scarcity. This has led to 
competition for the resource, which becomes 
acute during dry years and culminates in 
conflicts that affect the development of 
communities. Thus the control, rational use, 
and preservation of water quantity and quality 
within national, regional and local spheres are 
strategic for the development of nations and 
the protection of human beings.

Total consumption of water tripled between 
1950 and 1995, when water use exceeded 4,300 
km3/year or the equivalent of 30% of the world’s 
stable renewable water supply. In addition, the 
world’s irrigated surface has increased five-fold 
to be able to feed its population; consequently, 
more than 26 countries have had their water 
availability fall below 1,000 m3 per person 
per year, reaching water scarcity. This reveals 
a global scene of poor water management, 
scarcity, over-exploitation and pollution that is 
reaching a point where water is becoming the 
limiting factor for sustainable development in 
many nations.

On the other hand, in many countries the 
problem is not the lack of fresh water but its 
poor distribution. In general, large countries 
often have significant differences in regional 
development. Argentina is not foreign to 
this phenomenon and along its extension 
there is great territorial inequality. In spite of 
its important overall water supply, there is a 
large imbalance between potential demand 
and availability in large areas of the country. 
In the humid and sub-humid regions, where 
water supply and climate characteristics allow 
the growing of crops on un-irrigated land or 
by supplemental irrigation, the deterioration 

of water quality has put increasingly severe 
limits on water availability. These regions are 
where the most important human settlements 
are found together with areas of strong 
industrial development.

It is important to consider the seasonality 
of hydric resources and its connection to 
potential regional growth. Most time-series 
for hydrologic variables have an important 
seasonal component. From a hydrological 
viewpoint, greater seasonality is linked to 
greater precipitation in certain months of 
the year, which is directly associated with the 
rainfall pattern and occasionally, in basins fed 
by snowmelt or both rain and snowmelt, with 
the presence and orientation of mountain 
ranges, i.e. orography. Precipitation seasonality 
is often a factor that restricts the use of water, 
in particular when supply and demand are 
out of step, although this can be reduced by 
regulating water through reservoirs. 

Ultimately, water seasonality is an additional 
restriction to the amount of water 
economically available and it can be very 
severe. When seasonality and availability 
are considered together, they allow “hydric 
stress” indicators to be determined when 
compared relative to demand. 

To recognize that water is a good with 
economic value implies understanding 
the need to apply economic principles to 
its study and the organization of its use, 
for the purpose of achieving its proper 
management and administration. This does 
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4.3.2 The Issue of Water in Education

4.3.3 Public Participation in the Water 
Management 

not necessarily mean that a price must be put 
on water; it implies that its management must 
consider both direct and indirect social and 
environmental costs and benefits associated 
to its various uses and include the restrictions 
these have in order to protect the health and 
safety of individuals and the environment.

Incorrect allocation of costs for example, has 
contributed in many cases to resource and 
environmental deterioration. If only the costs 
declared by users are considered, or those 
determined by partial interests, and all the 
costs that are effectively paid for by society 
as one are excluded, the use of the resource 
will not be sustainable.

Integrated management is an alternative to 
the market system which allows the weighing 
of all benefits and costs that a society faces 
when adequately managing hydric resources. 
This means achieving the participation of all of 
the affected sectors in the making of important 
decisions. This mechanism cannot guarantee 
that optimum decisions will be reached, 
although it can ensure that they will be based 
on the coordinated efforts between all those 
affected by interrelationships that cannot be 
resolved by operations research tools and 
systems analysis, because of their complexity. 

The main reason why it is difficult to 
organize water markets is that water is not 
a homogenous good, as it continuously 
changes in most of the processes related to 
its use, quality and location. 

The XXIst century is destined to be “the 
century of water”, and we have already 

warned that the future of the development 
of nations is strongly linked to water and its 
availability. However, there is clearly a lack 
of integration between water management 
and society’s interests, attitudes and 
behaviors regarding water; therefore it is 
necessary to radically transform current 
practices, in other words, it is necessary to 
develop a new water culture.

Responsible participation of social actors 
in the management of water requires an 
irreplaceable ingredient: that they understand 
the processes. In this way it would be possible 
to facilitate agreements to execute rational, 
responsible and supportive actions in every 
one of the tasks in which these actors must 
interact with water, making special emphasis 
on providing value and grassroots support 
for the conservation and responsible use of 
water as a resource for life.

The movement towards a new relationship 
with water based on sustainability not only 
requires continuous economic, scientific 
and technological efforts, but also new 
approaches in the field of education, as well 
as a reconsideration of the processes used 
to facilitate individual participation in the 
making of public decisions. As individuals 
participate, there is an improvement in 
the efficiency with which human societies 
respond to the challenges of the environment 
and sustainability. Intervention by the people 
permits a better diagnosis of existing 
problems, the generation of a group of 
wider alternatives to solve the challenges 
proposed, and the mobilization of the human 
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and material resources of various social 
participants, to achieve better management 
of the environment. Frequently, the 
appropriate solution to a problem is found 
exclusively in the hands of the community 
itself, thus making its participation essential 
(IV Congreso Ibérico, 2004). 

Participation does not guarantee that everyone 
will agree with the decisions adopted in the 
end, but it can promote taking the desires 
and needs of a large number of people 
into account, and in this way participation 
integrates interests into the decision-making 
processes. In addition, it allows people to 
better understand the reasons behind a 
decision, the complex variables that affect 
problematic issues, the potential effects that 
must be foreseen when getting involved or 
the limitations that condition decision-making.

The following are some of the more 
specific arguments that show the need for 
participative decision-making:

•	 River basins are synergic: any action taking 
place in one point affects the whole. Users 
and residents in a basin must share and 
resolve the tension generated by the use 
of water. 

•	 The characteristics of water are irregular; 
this forces the making of unforeseen 
decisions, and therefore decision-making 
based on rigid and predetermined formulas 
becomes inadequate.

Traditional conceptions regarding the 
process of development must be overcome. 
Community participation must include analysis, 
decision-making and action. Therefore, 

activities must focus on information, education, 
seeking advice, strengthening initiatives, taxing, 
agreement, decision-making and management 
in all phases of the project. Education on the use 
and management of water must be available to 
all; nevertheless, it must adopt diverse formulas 
that are adapted to a variety of recipients 
and socio-environmental contexts. Education 
must be permanent, universal and go beyond 
generation boundaries so as to reach the 
education system, as well as administrative and 
social actors.  

Although there is a wide group of useful 
instruments to organize and channel public 
participation in environmental management, 
a very limited set of instruments have 
traditionally been used to plan and manage 
water (IV Congreso Ibérico, 2006). They have 
been questioned in the following areas: 

•	 Lack of information about procedures: data 
regarding procedures (deadlines for claims, 
places to consult documents, etc.) do not 
always get to those potentially interested 
because the information is frequently 
published only in the official journal and 
there is no real effort to disclose it further.

•	 The complexity of the documents at public 
disposal: the highly technical character of the 
documents at public disposal makes it difficult 
for those interested to interpret them.

•	 Lack of transparency: it is uncommon for 
social actors to have access to sufficient 
information regarding water as to guarantee 
the transparency of the processes involved 
in its management.

An additional reason to promote participation 
is that the only way to have been proved by 
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4.3.4 Interjurisdictional Hydric Resources2

2 Point 6 (Appendix I) deals with the topics 
introduced here

experience that effectively avoids management 
from being dominated by partial interests 
in the absence of competition as a control-
mechanism, is the demand by citizens through 
tools that channel participation efficiently.

It has been calculated that for the year 2025 
water demand will be 56% greater than 
supply. In fact, it is already a scarce good 
for a good part of humanity: more than 20% 
have no access to clean/safe water (2.6 billion 
people according to the WHO and UNICEF) 
and up to 40% suffer its scarcity and cannot 
even count on basic hygiene infrastructure in 
their homes. Conflicts have started to appear 
regarding global appropriation of local hydric 
resources either by reservoirs, channels, tanks 
or bottles.

In 1949 there were 5,000 great hydraulic 
dams on earth and at the end of the XXth 
century the number had increases to 45,000. 
Because many of these dams modify the flow 
of rivers that are shared by several countries, 
they have sparked conflicts in many cases.

The conflicts that have arisen between Egypt 
and Ethiopia for the exploitation of the 
Nile River are well known, as well as those 
in the Democratic Republic of Congo as a 
consequence of the Grand Inga dam or in the 
Brazilian Amazon where indigenous peoples 
fight against the Xingú River dam. To these 
confrontations between peoples and nations 
we can add the violent protests in cities such 
as Cochabamba (Bolivia), Soweto (South 
Africa) or Jakarta (Indonesia) against the 
privatization of water supply and everything 
seems to indicate that there will be more 

of these situations because of the growing 
pressure of demand on available resources. 
There are places where water costs account 
for 10% of the income of poorer families. 

Problems that cause insufficient water supply 
typically go beyond community and political 
boundaries and affect continents and countries. 
Many political limits between countries are 
bodies of water; close to 40% of the global 
population lives in river basins that are shared by 
more than one country, and many communities 
(such as Israel and Palestine) depend on drinking 
water from the same aquifers that have been 
over-exploited. Thus water scarcity resulting 
from its poor management frequently brings 
about the risk for conflict. This is why it is so 
important to find ways to manage shared water 
by means of cooperation without confrontation. 
In summary, proper water management, 
according to its characteristics, requires not only 
local but also national, regional or international 
action. 

 
The Constitution of the Argentine Nation has 
established that provinces have the original 
domain over the natural resources that exist 
in their territories, which means that provinces 
own their hydric resources. Whenever water 
is shared by several provinces, agreements 
must be sought between the parties. Basin 
committees have been created to facilitate 
these agreements and in some cases 
basin agencies with executive powers (See 
Appendices, points 6 and 7).

Argentine Republic
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4.4.2 The Effects of Climate Change

3 “There is no single solution to face the pressure on 
the growing consumption of water and instability of 
rain patterns. Nations must draw up holistic action 
plans and put them into practice.” These plans 
must “guarantee drinking water and sanitation for 
all/Increase water efficiency in agriculture/Increase 
anticipation of droughts by means of improving 
water storage” (Sachs, 2008, p. 184)

4.4 Significant Impact Related 
to the Water Sector
4.4.1 Droughts and Floods
The definition of drought has been highly 
debated because of the disparity in the 
criteria applied by various authors. It has 
no universally accepted definition and 
therefore has becomes a term that is not 
entirely precise. In its broadest meaning, 
a drought may be an abnormal period of 
high water scarcity produced by a lack 
of precipitation with negative effects not 
only agriculture but also on other activities 
such as hydroelectricity, and drinking water 
supply as well3.

Of all natural disasters, droughts have the 
greatest economic impact and affect the 
largest number of people. 

Floods, as well as earthquakes and cyclones, 
may have a great physical intensity but 
they do not last long and have a limited 
geographical impact, although the number 
of deaths caused by these disasters may 
be very high if densely populated areas are 
affected. In contrast, droughts affect large 
extensions of territory, including entire 
countries and can last several months or in 
some cases even years.

Disasters caused by flooding account for one 
third of all natural disasters around the world, 
at least in terms of economic loss, and are 
responsible for more than half the fatalities. 
Damage by floods has been extremely severe 
in the past decades and their intensity and 
frequency have been clearly increasing. In the 
past ten years, losses have reached more than 
250 billion dollars. 

Floods have also caused numerous human 
deaths. The list of natural events that have 
caused human victims in the last thirty years 
includes two great flood disasters, in 1970 and 
1991, both in Bangladesh. They respectively 
occupy first and third place regarding number 
of victims. Fortunately, the number of flood 
fatalities tends to decrease in time because 
most exceptional hydrologic events develop 
slowly and forecast techniques and early alert 
systems have been implemented in many 
densely populated areas.

As to economic losses, the situation remains 
serious because not only have great disasters 
increased in number, but annual losses also 
consider minor events that produce local 
flooding. A tendency analysis reveals that 
flooding disasters and the economic losses they 
produce have drastically increased in recent 
years. Additionally, economic costs of floods 
must consider the cost of building structures 
against floods and their maintenance.

Any regional increase in extreme events 
(storms, floods, cyclones, droughts, etc.) 
associated to climate change will cause 
physical damage, migration, adverse 
effects on food production, damage to 
the quality and availability of fresh water, 
and an increase in the risk of epidemics 
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Dublin Principles: 1) Fresh water is a finite and 
vulnerable resource, essential to sustain life, 
development and the environment. It must be 
managed in an integrated manner. 2) Water 
development and management should be 
based on a participatory approach, involving 
users, planners and policy-makers at all 
levels. 3) Women play a central part in provision, 
management and safeguarding water. 4) Water 
has an economic value in all of its competing uses 
and should be recognized as an economic good, 
by means of principles that permit accessible 
cost and socially equitable consumption. These 
principles were agreed in 1992 during the 
International Conference for Water and the 
Environment in Dublin, in preparation for the 
United Nations International Conference for 
Water and the Environment held in Rio de Janeiro 
in the same year. 

4

in many countries, reflects the need to 
attain a balance between opposite forms 
of organization, as no extreme form can 
produce good results on its own. The Dublin 
Principles4, reached by consensus in 1992, 
propose this paradigm in a language that is 
accessible to those who are non-specialists 
in the many areas that are relevant for water 
management (basically engineering, geology, 
meteorology, biology, law, economics and 
public and private management). 

“How can there be a balance between purely 
technological management and management 
that includes education, divulging of 
problems and community participation? The 
issue should be considered for each basin or 
sub-basin and shall depend on the degree of 
existing technology and the perception and 
education of the community, as well as the 
ability of decision-makers, municipal prefects 
and basin managers to manage conflict” 
(Tundisi, 2005).

The Dublin Principles synthesize a consensus 
on the need for a comprehensive picture 
on hydric resources, yet this does not imply 
ignoring or not valuing the opinion of 
representatives of various organizations, 
groups of citizens, and local municipal or 
communal governments. They also reveal 
an agreement on the need to bear in mind 
that water has a cost and a value, which 
leads to consider how private initiative could 
contribute to its more efficient use.

This new paradigm is to some extent a return 
to what prevailed in most countries previous 
to the overwhelming impact of progress 
made during the XIXth and XXth centuries in 

the fields of engineering (particularly systems 
analysis) and economics. Development in 
these two fields promoted the opposite 
tendencies mentioned above: towards 
planned and centralized management 
of water on the one hand, and towards 
decentralized management on the other.

The first tendency produced the setting 
up of Basin Authorities for the purpose 
of managing hydric resources as a system 
in which optimum use is achieved by a 
series of norms and works, on the base of 
comprehensive assessment of needs and 
possibilities. The second tendency produced 
awareness of water as a scarce good, as well 
as awareness of the convenience of recurring 
to decentralization (as far as possible given 
the characteristics of the hydrologic cycle), 
based on market mechanisms in which 
individual responses to prices determined 
by supply-demand interactions define how 
water is assigned among users.
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4.5.2 Economics and Water Management

Both proposals were applied throughout 
the world, generally producing results that 
did not meet the expectations they had 
created. It is now generally accepted that 
Basin Authorities can only be efficient when 
there is a very high degree of trust between 
the independent institutional or political units 
they are made of, which expressly allows 
delegation of duties. If trust is not achieved, 
then conflict over competence results and 
the execution of the actions proposed by 
those authorities is jammed (except in poorly 
developed regions where local government 
agencies are very weak).

Later there was a revaluation of the 
traditional organization of water that was 
based on respecting independence as much 
as possible and the search for agreements 
between autonomous jurisdictions that were 
related by water in various ways. Although it 
is not always possible to reach agreements, 
experience shows that for every conflict 
between independent entities, it is possible 
to find many cases of amicable solution where 
cooperation has allowed the achievement of 
better results than management that only 
avoids conflict.

Research by the University of Oregon in 
the United States has found evidence of 
the low probability of wars sparked by 
conflict related to water. The study of 263 
transboundary basins, spanning close to half 
of the earth’s surface, found that these basins 
create cooperation more often than conflict. 
Throughout the past century, 400 treaties 
regarding the use of rivers have been signed. 
Out of 37 incidents that have created violent 
situations in the past, 30 occurred in the dry 

and conflictive region formed by Israel and its 
neighbors where the use of the Jordan River 
was disputed until 1967 when Israel included 
it in its territory. The study shows agreements 
between states that are very robust, and 
quotes the treaty between India and Pakistan 
that was sustained in spite of two wars and an 
acute crisis in 2002.

The general objective of the Integrated 
Management of Water Resources (IMWR) is 
accepted to be the promotion of efficient, 
fair and sustainable use of water. The issues 
considered in the above section regarding 
the difficulties to attain these objectives by 
merely applying quantitative techniques or 
pricing systems, led to the suggestion of 
minimizing the cost of complying with a series 
of thresholds or goals related to the main risks 
facing water management. Because these risks 
are interrelated in many ways and therefore 
form a complex system, minimizing the cost 
of respecting these thresholds or goals is not 
equal to minimizing the cost of water nor is it 
the same as maximizing the value of services 
related to water management.

There is a unique solution to the challenge of 
achieving efficiency –an efficient use of scarce 
resources- and efficacy –assigning resources 
to activities that the population values or 
needs- without resorting to a pricing system 
(market) or to quantitative optimization 
techniques: facilitating coordination and 
stimulating mechanisms for participatory 
control. In other words, when it is not possible 
to organize management in a way that market 
competition contributes to an efficient and 
effective assignment of resources, only the 
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Although in Argentina there is no statistical 
information similar to that of Spain, most of 
the Argentinian population also obtains its 
news from television broadcasts, with the 
additional problem that they are seen as 
showing “the absolute truth”. 

On the other hand, it is clear that television 
journalism in Argentina is even more interested 
in catastrophes because they have more rating, 
and with exceptions, it has a tendency to look for 
guilty parties when searching for the technical 
reasons and eventual solutions to problems. 
Furthermore, these telecasts show the opinion 
of a specialized professional that is generally 
questioned by professionals from other fields, 
the journalists themselves and supposedly 
qualified persons.  Nevertheless, in most cases 
it is incorrect to believe that everything is a 
conspiracy against the specialists in the sector. 
It must be recognized that specialists have 
had a relatively poor ability to announce the 
implications, benefits and eventual problems 
of their projects in due time and manner. This 
implies that the education of professionals in 
the science of water must not only concentrate 
on the scientific and technological excellence 
of its graduates but must also search for the 
adequate methodology to allow its students 
to transmit the need to give priority to projects 
within the interests of society and voice its 
benefits, costs and impact in a simple and 
credible way.

4.5.4 Institutional Development for 
Water Management5

Point 7 (Appendix II) describes the legal-
administrative framework for water in 
Argentina.

5

Water management includes services 
provided directly or indirectly to individual 
clients or users, services provided 
simultaneously to many sectors, such 

as planning, flood prevention or water 
conservation, and management regarding 
coordination between all utilities and between 
these and other social organization sectors. 
The services are generally provided by public 
companies or agencies, within a framework of 
norms that regulate the activities they must fulfill 
to reach their objectives. Usually, each company 
or organization should execute a series of 
functions within its organization, by agreement 
with other agencies or through subcontracting.  

The fact that almost all of these functions, 
with the exception of coordination, internal 
control and updating of the regulatory 
framework, can be delegated to third parties, 
helps to understand why water management 
differs so much between jurisdictions; in many 
cases several of these functions are provided 
by specialized agencies, which results in 
advantages and disadvantages that must be 
assessed in each individual case.

It is common for several agencies to offer 
the same services in the three levels of 
government, so coordination between 
them is deemed to avoid duplication of 
their functions. This suggests that good 
coordination is the key, as it always leads 
to improved results. It is also important to 
realize that coordination is just as important 
within each agency, i.e. among its functional 
divisions, as it is with other agencies.

In certain cases, reorganization is used to 
revive organizations that have become 
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basin represents more than 85% of the total 
surface resources.

From the perspective of relative hydric 
wealth, the Pacific watershed systems have 
the greatest specific flow reaching close to 
36.2 l/sec/km2, by far higher than the national 
average of 6.4 l/sec/km2. Several areas in the 
arid and semiarid regions, which comprise 
nearly 15% of the total surface, have basins 
that do not spill into the sea and their 
contribution to flow is less than 1%. 

Regarding availability of groundwaters, their 
use is related to rainfall and river water in 
each region; thus they are used when surface 
waters are not available. Groundwater 
supply is limited at times by poor quality and 
aquifer thickness.

In general, total water supply in Argentina 
is increasingly conditioned by pollution in 
rivers, lakes and aquifers from diffuse and 
concentrated sources.

Influence of Climate Tendencies 
Observed in the Argentine Republic
•	 Increase in average annual precipitation 

in nearly all of Argentina, especially in the 
Northeast and to the west of the traditional 
humid region.

•	 Increase in the frequency of extreme 
precipitation in a large part of the east and 
center of the country.

•	 Increase in temperature in the mountainous 
area of Patagonia and Cuyo, along with 
glacier retreat.

•	 Increase in river flow and flood frequency 
throughout the country except in San 
Juan, Mendoza, Comahue and the north of 
Patagonia.

Based on reports by IPCC, global climate 
change will increase or create the following 
sources of vulnerability:
•	 Flow withdrawal in the rivers of the Río de 

la Plata Basin.
•	 Increased water stress in all of the nation’s 

north and part of the west.
•	 Decreased snow precipitation in the Andes 

Mountains, probable water crisis in Mendoza 
and San Juan, as well as a decrease in 
hydroelectricity production in Comahue.

•	More frequent intense precipitation 
events and flooding in areas where these 
already occur.

•	 Continued retreat of glaciers.
•	 Impact of increased sea level on certain 

points along the seaboard and coast of the 
Río de la Plata.

FIG. 6. Watersheds and Surface Water Regions

SURCE: GIRAUT, GAVIÑO NOVILLO, LUDUEÑA, 1997
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5.1.4 Droughts and Floods

Droughts

Floods

Due to its geographical location, climate 
diversity and relief, Argentina is subject to 
natural events such as droughts and floods. 
Invariably, they have a direct and significant 
impact on food production and the economy 
in general. 

maintenance costs in several services in larger 
Argentinian cities. In the AMBA for example, 
where fees have not been modified since 
2002, fee income covered 58% of operation 
costs in 2009, but this figure fell to 47% in 
2010. In most of the country however, it is 
difficult to determine the fee per m3 because 
most fee systems are of the “free tap” type in 
which there is a fixed charge independent of 
the amount of water consumed. 

The estimated value per m3 of water and 
sewage services for the services provided by 
the AySA - Agua y Saneamientos Argentinos 
S.A (Argentine Water and Sanitation 
Company) to the AMBA, results from dividing 
the total income from billing by the number of 
m3 water sold, obtaining a figure of US$0.17 
per m3 water consumed.

Many provinces have kept the same fee system 
since the time when services were operated 
nationwide by the OSN – Obras Sanitarias de 
la Nación (National Sanitary Works Company) 
based on presumed consumption according 
to surface area, zone, quality and age of the 
property, differentiating between residential 
and non-residential users. These variables 
intend to act as indicators of the water 
user’s income level, solvency and water use, 
although the fees obtained this way have 
no statistical correlation with respective 
consumption. In addition, the fee scheme is 
based on a complex system and is generally 
not up to date regarding cross subsidization. 

Complementarily, in some services there is 
an explicitly focused subsidy. In the AMBA it 
is called a Social Fee Program and has been 
in practice since 2002. It benefits users in a 

socially vulnerable situation who are not able 
to pay the water and sanitation services’ fee. 
Until December of 2009, its beneficiaries were 
approximately 2% of the registered water 
users and obtained an average discount of 
approximately 43% of the value billed. 

Droughts occur in many areas in Argentina, 
in spite of the different characteristics of their 
climates. They have occurred for extended time 
periods, even for months and years, and for a 
variety of reasons, but basically due to water 
and land use, in addition to climate. Because 
droughts originate by lack of precipitation for 
long periods of time, they specifically cause 
damage to agricultural activities.

In 1982/83 and 1992 there were severe 
swellings of the Paraná and Paraguay rivers 
that also extended to the Uruguay River. 
The swelling of 1982/83, which lasted more 
than eighteen months and had a maximum 
flow of 60,200 m3/s at the Paraná-Paraguay 
confluence, flooded an area of more than 
30,000 km2, forcing close to 100,000 people 
to evacuate and causing damage calculated at 
over 2,000 million dollars. Consequently, the 
Secretaría de Recursos Hídricos de la Nación 
(National Ministry of Hydric Resources) put 
into action a Hydrological Alert Operation 
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swelling severity and timing, and d) emergency 
response from authorities and the population. 
In this respect, there is an evident need to 
develop specific mathematical models and 
techniques to estimate the variables to be 
used to alert and warn the population. 

Actions to be taken after the flood is over 
depend on its severity and can include aid 
for the immediate needs of those affected; 
reconstruction of damaged buildings, 
infrastructure and defense works; recovery 
and regeneration of the environment and 
economic activity within the flooded area, and 
revising planning and management actions to 
be considered in future events.

As stated above, structural and non-structural 
measures are complementary in mitigating 
the effects of river swellings. Currently, an 
environmental view of the problem suggests 
possible non-structural solutions, such as 
territorial zoning of flood plains, appropriate 
control of development and activities in the 
flood-prone areas, early alert systems and 
plans for civil defense. The importance of 
non-structural measures is underlined by the 
false sense of security in communities living 
close to works for physical defense as these 
are designed for a specific critical state, which 
can naturally by overwhelmed.

Although non-structural measures cover a 
wide variety of specialized fields, it is vital to 
mention the importance of early alert systems 
that are based on the mid-term forecast 
of potential floods. If an accurate alert is 
called in a timely manner in quick response 
basins, deaths can be avoided as no one 
would be surprised by the event. Ever since 

an alert system with a telemetry network was 
installed twenty years ago in the basin of the 
San Antonio River, in the semi-arid region of 
the Cordoba mountains, there have been no 
deaths by alluvial swellings in the touristic town 
of Villa Carlos Paz. The system functions and 
gives warning and evacuation signals with only 
a few hours of anticipation from December to 
March, not just because this is when intense 
rainfall occurs, but also because it is the 
tourist season when campers can be found 
in risk areas. It is important for plain basin 
alert systems to produce precise information 
regularly not only regarding the date of the 
event and its expected height, but also the 
time flood levels are expected to remain. 

Likewise, alert systems should function 
continuously as they predict swellings and falls 
that can affect navigation. Daily hydrometric 
levels for the cities of Rosario and Santa Fe 
are estimated twenty days in advance, and 
then corrected according to the effect of local 
rains. In every important coastal city, water 
levels are predicted with a variable amount of 
time and made public at the proper moment 
when alert and evacuation levels are reached.  

The ways and roads that run parallel to water 
courses within a great alluvial valley create 
problems that are very difficult to solve. More 
than 50% of the bridges that have fallen in 
the United States for example, have failed 
because of poor hydraulic design. When 
roads are built in low slope areas, their 
embankments can alter the flow of water, 
changing its direction and causing diversion 
of the basin. Then, land that was not flood-
prone before the building of the road 
becomes floodable.
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Environments Affected by Water Quality

5.1.10 Preservation of Water Quality
Since the dissolution of the OSN - Obras 
Sanitarias de la Nación (National Sanitary 
Works Company), management of water 
quality and groundwater has suffered great 
deterioration in Argentina.

Companies that provide clean water monitor 
their surface and groundwater sources, 
although their measurements are not 
sufficient to identify sources of contamination. 
Unfortunately, lack of information hinders 
control of contaminating activities, a function 
formerly performed by Sanitary Works, and 
to date it has been impossible to achieve a 
comprehensive approach to this and other 
obstacles, and as a consequence there has 
been continuous deterioration of hydric 
resources, especially in urban, metropolitan 
and industrial areas. The creation of the 
ACUMAR -Autoridad de la Cuenca del río 
Matanza-Riachuelo (Basin Authority for the 
Matanza-Riachuelo River) arises as a new way 
to face this issue.

Furthermore, the CIC-Comité Interguberna-
mental Coordinador de la Cuenca del 
Plata (Intergovernmental Coordinating 
Committee for the Río de la Plata Basin) has 
tried to organize the systematic monitoring 
of water quality in the Uruguay and Paraná 
Rivers at the locations where they enter 
the country. Nevertheless budgetary issues 
of the national and provincial agencies 
involved have not allowed the initiative 
to continue. Because the Uruguay River 
receives untreated discharge from the food 
industry, mainly chicken and pork processing 
facilities, as well as fertilizers and pesticides 
from crops such as rice and soy bean, and 

because the Uruguay and Río de la Plata 
rivers are suffering from algal blooming more 
frequently, it is necessary for the country to 
implement a reliable monitoring system.

The recent conflict over the establishment of 
the Botnia pulp mill company on the east bank 
of the Uruguay River has attracted attention 
from the media over its possible impact. 
Nevertheless, they have not considered that 
it would also be necessary to monitor other 
sources of pollution along the Uruguay River 
that existed beforehand and that also affect 
water quality. 

The main environmental problem regarding 
water that can be observed in the many 
geographical regions of Argentina is the 
consequence of a lack of discharge treatment 
(mostly industrial, residential and urban) and a 
lack of adequate urban planning. An example 
of this is the settlement in the flood valleys 
of the Matanza-Riachuelo and Reconquista 
Rivers, and some of their tributaries.

Untreated wastewater then contaminates the 
southern coastal strip of the Río de la Plata 
and part of the Paraná delta. Control is almost 
non-existent and the factories established 
in those valleys generally discharge their 
wastewaters untreated. Additionally, these 
informal settlements (shantytowns) lack 
proper water supply and sanitation services, 
and to make matters worse, dump trash into 
wastepipes and canals, as they also have no 
solid waste collection services.

Likewise, the sustainability of surface and 
groundwater sources faces growing threats 
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due to anthropic modification of land use 
in drainage basins. Non-conservationist 
agricultural practices, deforestation, the 
use of agro-chemicals and changes in land 
use disturb hydric balance and the quality 
conditions of water sources.

The following cases stand out in the country:
•	Misiones and several areas in the Bermejo 

basin: increase in the amount of suspended 
solids due to greater water erosion 
by deforestation, overgrazing or poor 
management of arable land.

•	 Uruguay and Negro Rivers: presence 
of pesticides and fertilizers in surface 
watercourses.

•	 Contamination of shallow reservoirs such 
as Río Hondo (Santiago del Estero), San 
Roque and Los Molinos lakes (Córdoba), 
Lake Lacar (Neuquén) and Lake Nahuel 
Huapi (Río Negro) because of untreated 
wastewaters and sewage from urban 
settlements and riverside industries or 
those located on the drainage basin.  

•	 Aquifer contamination caused by 
wastewater discharge into septic tanks, as in 
“Pueluche” in the Buenos Aires Province or 
due to intensive and uncontrolled urban and 
industrial development, as on the shores of 
the Paraná River, from Rosario to La Plata.

•	 Contamination of the basins of the 
Reconquista and Matanza-Riachuelo Rivers 
in the Buenos Aires metropolitan area. 
Both basins are extremely polluted and 
thus directly and indirectly affect the well-
being of 5 million inhabitants. It must be 
mentioned that other important cities like 
Córdoba, Rosario and San Miguel Tucumán 
suffer similar, although less serious 
situations.

The emblematic case of the Matanza-
Riachuelo basin presents all types of water 
and environmental problems: flooding of 
residential and industrial areas, large sections 
of a population without sanitary services, 
jobs for collection and processing of trash 
that do not follow hygiene, safety and health 
preservation regulations, and industrial 
activities that are frequently unreliable.

The formation of the ACUMAR -Autoridad 
de Cuenca del Río Matanza-Riachuelo (Basin 
Authority for the Matanza-Riachuelo River) has 
the main objective of facilitating the activities 
of various agencies, although a single strategy 
with an overall view without which it will be 
impossible to reverse the processes of urban 
and environmental deterioration, has yet to 
be reached by consensus.

A second serious water-environmental 
problem facing Argentina is pollution 
of groundwater. In most of the country, 
groundwater management is hardly efficient 
and therefore there is a lack of quantitative 
information necessary to assess the current 
state of water quality in aquifers and the 
tendencies in each one. 

Although the responsibility of groundwater 
management lies in the provincial 
governments, these generally do not have 
sufficient human and financial resources to 
manage a resource which is much less visible 
than surface water. Most often, technicians 
specialized in drilling know groundwater 
resources better than the authorities, either 
because studies are expensive, or because 
there is no information on un-registered wells, 
most of them in many provinces.
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5.1.13 Water Management

and secondary education levels in Argentina 
and five other countries (Brazil, Denmark, 
Ghana, Thailand and Japan) can also be 
mentioned. This occurred with support 
from the International Lake Environment 
Committee (ILEC) during the “water decade” 
established by the United Nations (Martinez, 
1993 and 1998). 

Regarding education at the undergraduate 
and graduate levels, a national network for 
training and management of water resources 
called Red Argentina de Capacitación y 
Fortalecimiento de la Gestion Integrada de 
los Recursos Hídricos -ArgCapNet) (Argentine 
Network for Training and Strengthening 
Integrated Management of Hydric Resources) 
has been made official. It is composed of an 
important group of government, academic 
and non-government institutions with the 
aim to contribute to strengthen abilities for 
integrated management of water resources in 
the country, and to provide a framework that 
is larger and more important than previous 
proposals in Argentina.
Several initiatives within this framework can 
be mentioned, such as the Curso Internacional 
de Posgrado en Gestión Integrada de los 
Recursos Hídricos -GIRH (International 
Postgraduate Course for Integrated 
Management of Water Resources) organized 
by both the Department of Hydraulics of 
the School of Engineering at the University 
of Buenos Aires and the Instituto Argentino 
de Recursos Hídricos -IARH (Argentinian 
Institute of Hydric Resources) which began 
over a decade ago; and the master’s degree 
in Water Management at the Centro de 
Estudios Transdisciplinarios del Agua -CETA 
(Center for Transdisciplinary Studies on 

Water) of the School of Veterinary Sciences at 
the University of Buenos Aires.

In Argentina, water management has 
developed in a series of steps that have not 
been the same in every one of its provinces. 
Nevertheless it is useful to list various concepts 
that have had an influence on the process:
•	Water as a resource the use of which 

contributes to economic development and 
labor in the territory.

•	Water as a risk factor.
•	Water as a resource that links various sectors 

and jurisdictions in complex ways, and which 
requires trying new ways of organization.

•	Water as a resource which cannot be 
managed centrally due to a great variety of 
situations.

•	Water as a resource vulnerable to 
contamination and also as an element the 
management of which has a fundamental 
role in the protection of the environment.

Each one of these ideas gave place to 
innovation in the organization of water 
management in the following ways:
•	 The creation of the Dirección Nacional 

de Irrigación (National Directorate for 
Irrigation) and then the state-owned 
company Agua y Energía Eléctrica (Water 
and Electricity), into which it was absorbed. 
The state-owned company Obras Sanitarias 
de la Nación (National Sanitary Works) was 
also created and became responsible for 
clean water supply and sanitation in the 
country’s most important cities.

•	 The establishment of provincial directorates 
for hydraulics, with the main function of 
building flood regulation works. Regulatory 
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would be needed if “access to safe drinking 
water”, “improved sanitation” and wastewater 
treatment were included under this term. 
This estimate is a minimum, considering 
the quality of the services contemplated. 
If the goal was to universalize both services 
including network connections in urban areas 
and a greater degree of effluent treatment, 
this amount would at least double. 

The many social benefits (externalities) 
associated to universal access to adequate 
clean water and sanitation services justify 
such an investment. These benefits include 
improved health and its impact on education 
and jobs; reduction in expenses for alternative 
solutions, including the cost of bottled water; 
and improved environmental conditions, all 
of which directly affect quality of life.

A WHO report has calculated that the cost-
benefit ratio of investment in water and 
sanitation systems in a group of countries 
including Argentina would be approximately 
15. This means that for every currency unit 
invested, there would be 15 times the benefit. 
Likewise, if total coverage for both services 
including connection to a public network is 
contemplated, then the cost-benefit ratio 
would be 5. Both of these scenarios lead to 
positive socio-economic benefits.

The differences between them basically result 
from the much greater cost of expanding 
water and sanitation networks than to invest 
in “improved services”, while the benefits 
obtained by each solution are not equally 
proportional to the respective costs. In this 
regards, installing service of lower quality 
in countries or areas with less economic 

resources would allow to shorten the required 
time to achieve universal access to safe water 
and improved sanitation. 

b. To improve economic sustainability of the 
service and greater rationality in fee schemes. 

At present, tariff income for services in many 
major Argentinian cities is insufficient to cover 
operation and maintenance (O&M) costs.

The rationale behind the fee scheme is given 
by its capacity to financially sustain the service, 
which in turn depends on the extent to which 
fee value reflects its cost. The use of micro-
measurement as a base to billing according to 
consumed volume, contributes to economic 
sustainability because it promotes a reduction 
in non-essential consumption.

Chile, Colombia and some of the most 
important operating services in Brazil (the 
state of Sao Pablo, among others) have 
developed lengthy and systematic processes 
to fix fees based on costs and they have led 
to a significant real-term increase in income 
for the service providers. In addition, these 
regions have implemented the generalized 
micro-measurement of consumption. The cost 
of water and sanitation services in Santiago 
(Chile) and Sao Pablo (Brazil) is close to US$1 
per m3, in Bogotá (Colombia) it is close to 
US$1.5; while in contrast, in the metropolitan 
area of Buenos Aires the average cost is only 
US$ 0.17per m3. 

While micro-measurement in these countries 
is practiced nearly in their entirety, it is 
estimated that only 20% of the billed volume 
in major urban areas in Argentina is the result 
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of micro-measurement of consumed water. 
One of the main conditions for the success 
of this practice is that fee values are fixed at 
a level that allows the recovery of O&M costs 
and at least some of the investment costs, 
especially those associated to maintenance 
and restoration of infrastructure. 

Nevertheless, subsidy systems must be 
implemented to aid poorer or more vulnerable 
households that do not have the conditions 
to pay fees that cover costs.7

It is worth noting that in many countries, 
no matter the state of their economies, 
investment in basic water and sanitation 
works is to a great extent covered by their 
governments, and there are no expectations 
to recover investment through fees, as a 
result of the extremely important social and 
environmental impact of these services. As 
mentioned previously, in countries or regions 
with poor socio-economic development, it 
is advisable to first provisionally reduce the 
quality standard of the services to be able 
to attain sooner the much needed universal 
coverage.

c. To increase efficacy levels of operator 
management and coordination between 
sectors and jurisdictions.

Sustainability of water services by means 
of fee income demands improved 
management efficiency and the resulting 
minimization of costs. 

An area of special interest in cost reduction 
and improved efficiency in the sector is 
minimizing physical losses, in other words, 

reducing the amount of water that is not 
accounted for. In main urban areas, losses 
from water systems are in the range of 40 
to 45% of the volume of water produced. 
To reduce such losses would produce 
significant benefits as a result of lower 
operation costs and less investment in 
installed capacity in plants, networks and 
other facilities.

It is worth noting that in calculating benefits, 
only the direct impact of cost reduction 
regarding operation and investment 
(greater installed capacity available in 
plants, networks and other facilities) is 
considered, while required investments and 
incremental O&M expenses are accounted 
for as costs. 
Regarding this issue, the generalization of 
micro-measurement would help detect network 
losses more precisely and contribute to more 
efficient management by service operators.
Finally, there is a need for a specific and 
independent legal and institutional framework 

In the context of a critical evaluation of how 
urban water supply services are privatized 
according to “Washington’s favorite solution”, 
Sachs, J. (2008) suggests: “An efficient 
agreement between public management and 
privatization can be achieved by demanding 
that private suppliers offer a minimum vital fee 
that guarantees all families a fixed amount of 
water daily free of charge for vital necessities 
(drinking, cooking and hygiene). The amount 
consumed beyond this minimum would be 
charged at market values per cubic meter. 
In this way, even the poorest people would 
have a minimum guaranteed amount of 
water.”… “Depending on the exact structure 
of the public-private enterprise and the norms 
regulating prices, money from the public sector 
budget could be used to reimburse the water 
supplier for the free minimum water supply.” 
(pp. 185 and 186).

7
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basin. They were intra-federal, decentralized, 
multi-jurisdictional and singular agencies with 
capacity in public law because they originated 
within interprovincial agreements and acts of 
the National Government.

The Basin Committee for the Salí Dulce River 
became the Comité Intrejurisdiccional de la 
Cuenca del Río Salí Dulce (Interjurisdictional 
Committee of the Basin of the Salí Dulce 
River) in January 2007, with the signing of 
an interjurisdictional treaty between the five 
basin provinces and the Nation. Its aim is 
to promote the drawing of a Management 
Plan for the basin with consensus between 
all parties, to be executed by the 
strengthening of provincial agencies for 
water and the environment.  

The basin committees for the rivers Juramento-
Salado and the northwestern region of the La 
Pampa plains, which receives extraordinary 
contributions from the Quinto River, are near 
the signing of interjurisdictional treaties similar 
to the one for the Salí Dulce River.

The following were also created with 
participation of the National Government:

a. Comité Intergubernamental Coordinador 
de la Cuenca del Plata (Intergovernmental 
Coordinating Committee of the Plata Basin), 
to coordinate the activities of the provinces 
in the basin, between provinces, with the 
National Government and between the 
National Government and foreign states 
that share the basin (Law 23027).

b. The Executive Entity Presa Embalse Casa 
de Piedra (National Government, La Pampa, 

Río Negro, Buenos Aires), who built and 
manages the Casa de Piedra Reservoir.

c. Comisión Regional del Río Bermejo 
(COREBE) (Regional Commission for the 
Bermejo River), a regional development 
corporation, to carry on studies and 
projects regarding the Bermejo River. 
It includes the National State and the 
provinces of Chaco, Formosa, Jujuy, 
Salta, which are found in the basin, and 
the provinces of Santa Fe and Santiago 
del Estero who expect to benefit from its 
management (Convenio de Buenos Aires 
[Buenos Aires Agreement], 10/2/81 ratified 
by national law 22697).

d. Autoridad Interjurisdiccional de las 
Cuencas de los Ríos Limay, Neuquén y Negro 
(Interjurisfictional Authority for the Basins of 
the Rivers Limay, Neuquén and Negro) created 
by the interjurisdictional agreement signed 
in Neuquén on December 16, 1985 by the 
National State and the provinces of Neuquén, 
Río Negro and Buenos Aires (ratified by 
National Law 23896). It receives resources 
from hydropower generation and performs 
hydrometeorologic and coordination tasks. In 
spite of its name, it does not have functions 
expressly delegated from provincial agencies 
with competence in hydric management. 

e. Autoridad de la Cuenca Matanza-Riachuelo 
(ACUMAR) (Authority for the Matanza-
Riachuelo Basin), an interjurisdictional public-
law institution formed by the National State, 
the province of Buenos Aires and the Ciudad 
Autónoma de Buenos Aires (Independent 
City of Buenos Aires) (Law 26168, Art. 1). 
Its functions include regulation, control and 
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promotion of industrial activities; unification 
of disposal schemes for wastewater in bodies 
of water and gas emissions; provision of 
public services, other environmental activities, 
prevention, sanitation, restructuring and 
rational use of natural resources; planning for 
environmental management of the basin and 
the execution of the Plan Integral de Control de 
la Contaminación y Recomposición Ambiental 
(Comprehensive Plan for the Control of 
Environmental Restructuring and Pollution).   
Because Argentina is found on the lower 
section of the Río de la Plata Basin, it has always 
had a special interest in the development and 
exploitation of the basin within international 
agreements. Whenever a basin spans several 
nations, one nation might adopt decisions 
that could harm another or the opportunity to 
manage the basin comprehensively and fairly 
might be missed. 

To achieve comprehensive and fair water 
management, it is best to focus it on each 
individual basin, which requires the intention 
of the nations involved. For this reason, within 
the VII International Conference of American 
States, the Montevideo Statement on the use 
and exploitation of international basins in the 
American continent, which is a principle for 
international law and has been followed by 
further statements along the same lines, was 
issued (1933). It has promoted the formation 
of a regional system for the Plata basin which 
approved principles applicable to international 
basins and some particular recommendations 
for specific works. Within the Asunción 
Conference of Ministers of Foreign Affairs 
and from the many negotiations within the 
framework of the Plata Basin system arose 
Resolution No. 25 on June 3, 1971 which: 

a. Subordinates the use of contiguous rivers 
to previous agreements between riparian 
countries.

b. Allows each nation to use successive 
sections of the rivers they share9 according to 
their needs, but without causing considerable 
damage to the other States. 

In the United Nations Conference on the 
Human Environment (Stockholm, 1972), 
Argentina achieved recognition of the 
obligation to notify well in advance of 
“important activities regarding water that may 
have a significant effect on another country” 
(Recommendation 51). In the UN Conference 
on Environment and Development (Río 
de Janeiro, 1992) Argentina attained the 
recommendation to avoid causing harm to 
the environment of other nations and regions 
beyond the limits of national jurisdiction 
(Principle 2), and also to provide prior and 
timely information to potentially affected 
States on activities that may have significant 
adverse transboundary effect and to consult 
with those States at an early stage and in 
good faith (Principle 19). The UN Conference 
on Sustainable Development (Johannesburg, 
2002) committed the signatories to increase 
access to basic needs such as clean water. 
In the bi-national scope, Argentina and 
Uruguay have accomplished true models of 
international practice. To build and operate 
the works at Salto Grande, they reached 

In the resolution quoted, “international rivers 
of successive course” refers to rivers that 
run from one country to another, such as the 
Paraguay and Uruguay Rivers when they run 
from Brazil to Argentina; while rivers that 
separate countries are called contiguous 
rivers.

9
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•	 The legal system in Argentina deals with 
a multitude of water-related issues. The 
abundant and scattered norms from 25 
jurisdictions and some interjurisdictional 
sources concerning the preservation 
and improvement of watersheds and 
conferring their application to numerous 
organisms, creates problems regarding 
the identification and application of norms, 
while stimulating certain activities but not 
others. This rarely helps to solve issues, it 
more likely increases conflict of interests 
generated by permanent circulation of 
water throughout basins, decreases water 
availability and worsens the effect of its over-
abundance. On a national scale, this is even 
more obvious because a national body for 
water regulation is lacking. At the launching 
of the “Guiding Principle for Water Policy in 
the Argentine Republic”, within the Hydric 
Policy of August 8, 2003, the following was 
stated: “The standardization of Guiding 
Principles through a Framework Law on 
behalf of the National Congress will allow 
the stating of clear and equitable rules that 
shall provide legal certainty, thus avoiding 
proliferation of partial, disperse, overlapping 
and often contradictory legislations”.

•	 There has been a consensus to sanction a 
national regulatory body for water, or at 
least to codify federal hydric legislation for 
quite some time. Likewise, the National 
Constitution authorizes the National 
Congress to condense national norms 
regarding water into a national body. 

•	 A National Law or Code for Water would 
provide rights derived from the constitution 
for the rational use of water and natural 

resources and the conservation of natural 
wealth. The “Consejo Hídrico Federal” 
(COHIFE) (Federal Hydric Council) a federal 
authority for normative coordination, is 
showing the signs of becoming the most 
adequate organ to create such a law or 
code, because it anticipates the consensus 
of the entire political and administrative 
system as well as its obstacles. In addition, 
COHIFE promotes the Guiding Principles 
for Hydric Policy of the Argentine Republic.

•	 The abundance and scattering of norms 
is also present in the international laws for 
water, built from precise agreements. The 
location of Argentina in the lower section of 
the Plata Basin and the opportunities offered 
by the Andean rivers force it to continue 
ahead in the building of an equitable and 
solidary international legal system for water.    

Alluvium. Detrital material such as gravel, 
sand and clay, deposited by water currents.

Anthropic. Anything associated to, influenced 
by, belonging to, or even contemporary to 
the human species or human being.

Aquaculture. The commercial cultivation of 
aquatic organisms, either plants or animals 
(Tundisi, 2009).

Aquifer	. An aquifer is a permeable stratum or 
geological formation that allows groundwater 
circulation and storage through its pores and 
crevices. Within these formations a wide 
variety of materials can be found such as river 
gravel, silt, highly cracked limestone, poorly 
cemented porous sandstone, beach sand, 

8. Glossary
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temperature, and its regularity depends on 
the season when precipitation is greatest. It is 
predominant in tropical, sub-tropical areas, as 
well as in some template areas.
Likewise, a mixed regimen predominates in a 
great part of template areas, where the time 
of lowest flow coincides with fall-winter. Rivers 
with this kind have the most balanced flow. 
Irregular displays of pluvial regimens depend 
on sporadic precipitations that produce 
torrential currents and floods.

Food chains. The transfer of energy in 
foodstuffs through a series of organisms in 
which one feeds on the one before it and is 
the food of the following. 

Hydric resources. Hydric resources are one 
of the most important natural resources for 
life; so much so that recent investigations on 
the Solar System look for traces of water on 
other planets and satellites as an indicator of 
the possible existence of life forms on them.

Hydric stress. Hydric stress occurs when water 
demand is greater than water supply during 
a specific period or when its use is restricted 
due to its poor quality. Hydric stress causes 
deterioration of freshwater quantity (over-
exploited aquifers, dry rivers, etc.) and quality 
(eutrophication, pollution by organic matter, 
saline intrusion, etc.). 

Hydric tension.	A country is under hydric 
tension when its annual supply of fresh water 
is between 1,000 and 1,700 m3 per person. 
Countries in these conditions probably 
experience temporary or limited water scarcity.
Hydroarsenicism. Environmental disease 
the origin of which is associated to the use 

of arsenic-contaminated water. In certain 
regions of the world, it is endemic.

Hydrologic cycle. The water cycle in 
an orographic basin, continent or the 
entire planet; it represents a process 
and balance of precipitation, infiltration, 
evapotranspiration and flow or retention of 
surface and groundwater.  

Improved sanitation. Improved sanitation is 
defined as one that guarantees hygienically 
separating human excreta from human 
contact. However, this excludes sharing 
sanitary facilities between several households 
or public facilities. The following are included 
in improved sanitation: (a) flush toilet/latrine  
(a.1) piped sewer system, (a.2) septic tank, (a.3) 
flush/pour flush to pit latrine; (b) ventilated 
improved pit latrine; (c) pit latrine with slab, 
and (d) composting toilet. The following are 
examples of unimproved sanitation: (a) flush/
pour to elsewhere; (b) pit latrine without slab; 
(c) bucket; (d) hanging toilet or hanging latrine, 
y (e) no facilities or bush or field campo (open-
air defecation) (JMP, 2010).

Improved water (source of). Water that 
comes from or is supplied by a source or mains 
that protects it from external contamination 
because of the way it is constructed and 
designed, especially from fecal matter. Among 
improved sources of water there are: (a) piped 
water into dwelling, yard or plot, (b) public 
tap or standpipe, (c) tubewell or borehole, (d) 
protected dug well, (e) protected springs and (f) 
rainwater collection.  Among non-improved 
sources there are: (a) unprotected dug well, 
(b) unprotected spring, (c) cart with small 
tank/drum, (d) tanker-truck, (e) surface 
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health systems; it is useful to classify the 
vulnerability of public health in a region. 

Seasonal reservoirs. A type of reservoir with 
the capacity to store water during the rainy 
season to regulate it efficiently and make it 
available according to demand during the dry 
or drought season.

Sustainability. In Ecology, the term 
“sustainability” describes how biological 
systems are kept diverse and productive 
through time. It refers to the balance of a 
species with its surrounding resources. It 
also applies to the exploitation of a resource 
below the limit for its renewal. 

Sustainable development. The process of 
increasing and long-lasting improvement in 
the life of a human community. It can occur 
along one or more aspects such as physical 
(health, nutrition, housing, jobs, services, 
infrastructure), financial, ethical, spiritual 
and emotional (education, recreation, art, 
culture, religion). In socio-economic and 
cultural terms, sustainable development 
occurs when progress and consolidated 
quality of life continues through time. From 
the perspective of prosperity, human equity 
and environmental conservation, according 
to the 1987 Brundtland report, sustainability 
is development that meets the needs of the 
present without compromising the ability of 
future generations to meet their own needs. 

Virtual water. This concept developed in the 
early 1990’s. Because water is necessary to 
produce commodities and services, the virtual 
water of a product, whether agricultural or 
industrial, refers to the water needed to make 

it. Virtual water is a tool to calculate the actual 
use of water in a country or its water footprint, 
and it is equal to the total water resulting from 
domestic consumption plus the virtual water 
from other countries, minus the virtual water it 
exports to other countries, The water footprint   
of a country is a useful indicator of a country’s 
consumption of the world’s water resources.

Water. A substance with a molecule formed 
by two atoms of hydrogen and one atom of 
oxygen (H2O). It is essential for the survival 
of all known forms of life. The term “water” 
generally refers to the substance in liquid 
state, although it can be found as a solid 
called ice, and as a gas known as vapor. 

Water scarcity.	 A country suffers water scarcity 
when the annual fresh water supply is lower than 
1,000 m3 per person. Such a country probably 
experiments chronic and lengthy water scarcity 
conditions that hinder its development.

Water treatment. In environmental 
engineering, the term “water treatment” is 
the group of physical, chemical or biological 
operations aimed at eliminating or decreasing 
pollution or unwanted characteristics of water 
of various kinds: natural, for supply, residual, 
or in the case of urban wastes, raw sewage. 
The purpose is to obtain water with the 
proper characteristics for the use it will be 
given, thus the exact nature and combination 
of processes varies not only with the traits of 
the original water, but also with its final use.  

Wetlands. Areas of the Earth’s surface 
temporarily or permanently flooded, regulated 
by climate factors and in constant relation with 
the living things that inhabit them. They are 
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A Strategic Viewpoint of 
the Issues Associated with 
Transboundary Waters

Water Resources 
in Bolivia

In the XXI century, the scarcity of freshwater 
(blue water) is one of the most significant 
threats that will affect humanity worldwide.  
Freshwater has become an increasingly scarce 
and vulnerable natural resource.  Global climate 
change is causing mountain snow and polar 
ice to melt, while altering local and regional 
hydrologic cycles.  These changes have caused 
disequilibrium between overabundance and 
scarcity of the water resources throughout the 
world, which is very difficult to manage and 
to solve.  This dramatic situation is worsened 
by the poor and irrational administration and 
management exercised by mankind of all the 
natural resources, including water.

Bolivia has abundant freshwater, occupying 
the twentieth position amongst world’s nations 
with high hydrologic balances.  In addition, 
it is one of the countries with the largest 
freshwater supply per capita in Latin America, 
approximately 50,000 cubic meter/capita/
year.  However, the surface and underground 
water balances of its four major hydrological 
basins, have not been fully quantified nor 
explored.  Water is not evenly distributed 
in the country; while there are areas with 

1. Introduction

great availability of water and high annual 
precipitation, in nearly half of its territory this 
resource is scarce and there is a great deficit 
of it, reaching desert levels.  Additionally, the 
country suffers with droughts, hailstorms, 
floods and other weather phenomena every 
year, and in many cases unpredictably.  These 
climate phenomena is worsened by events 
like El Niño and La Niña. Bolivia is an inland 
country with a surface area of 1,098,581 Sq. 
Kms and no more than ten million inhabitants.  
Bolivia has 6,918 Kms of international borders 
with five different countries: 3,424 Kms with 
Brazil, 741 Kms with Paraguay, 773 Kms with 
Argentina, 850 Kms with Chile and 1,131Kms 
with Peru.  Of these, 3,442 Kms (49.8% of 
the total) are water, fluvial or lake arcifinious 
boundaries (Montes de Oca, 2005).  Through 
the vast aquatic borders, the controversy 
over the rights and uses of the shared and 
contiguous water is inevitable, and leads 
to transboundary water issues that require 
permanent management and surveillance to 
quickly solve international disagreements or 
disputes. For this reason, whatever is decided 
for upstream water will have direct incidence on 
what is negotiatied downstream.  Additonally, 
the continuous increase in the direct demand 
of water resource, especially from the mining, 
agriculture and hydroelectric generating 
industries of the neighboring countries, is 
causing transborder water conflicts.

The Amazon River macro-basin, for example, 
occupies 65.9 % of the national territory 
and has a border of 2,464 Kms, 35.6% of 
the country’s total international boundaries.  
Nearly 85% of these are aquatic arciniferous 
boundaries of contiguous waterways, of which 
an estimated 70% are mostly abandoned and 
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2.2 Climatic Conditions

by the high ground of the Central Andes 
Cordillera, about 38% of the territory, and 
the rest of the country by the eastern major 
unit, which consist of the lower ground of the 
Amazon and Chaco alluvial plains, 62% of the 
total territory. The Andean block in Bolivia 
consist of three contiguous morphotectonic 
provinces, which are, from west to east, the 
Cordillera Occidental (Eastern Cordillera), the 
Bolivian Altiplano and the Cordillera Oriental 
(Western Cordillera). The Altiplano is a series 
of high, intermontane basins with an average 
altitude of 4,000 meters. To the east of the 
Cordillera Oriental, the Sierras Subandinas 
(Subandean Sierras) and the Valles (Valleys) 
are found. The second major unit is located 
in the eastern and northeastern areas of the 
country and consist of the alluvial Amazon 
plains along the Brazilian Precambrian Shield 
and to the southeast the Bolivian Chaco 
plains.  The physiographic provinces shown in 
FIG. 1 and FIG. 2 are divided into subunits, 
which provide a general summary of the relief 
and geological characteristics of the land.

The availability of water in Bolivia is directly 
related to its geographical position within 
the northern equatorial region and the 

weather conditions present in the various 
hydro-physiographic areas.  These areas are 
influenced by macro-weather, micro-weather 
and local weather events.  The macro-weather 
conditions are characterized by the strong 
seasonality of precipitation.  In the country as 
a whole, the rain pattern is tropical and the 
greatest precipitation occurs during the warmer 
months of the year.  Bolivia is located between 
two zonal atmospheric flows: the Intertropical 
Convergence Zone (ITCZ) and the Subtropical 
High Pressure Belt of the Southern Hemisphere. 
This global weather mechanism is influenced by 
southern cold advection winds (surazos) from 
the South Pole and the thermal variations of the 
eastern Pacific Ocean known as El Niño and La 
Niña. Of the 855 weather stations in the country, 
496 are found in the Amazon basin, 142 in the 
Endorheic basin and 217 in the Rio de la Plata 
basin. The Pacific macro-basin had only one 
weather station near Laguna Colorada, which 
operated from 1985 through 1997. According FIG. 1.  Physiographic Provinces and Hydrographic Basins

SOURCE: ANA 2009

FIG. 2. The twelve Hydrographic Watersheds of Brazil

SOURCE: ATLAS AMENAZAS, VULNERABILIDADES Y 
RIEGOS DE BOLIVIA - 2008
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3. Availability of Surface Water

Amazon basin, it has a negative effect when 
annual floods are produced, adversely affecting 
productive activities and urban and road 
infrastructure. FIG. 6 compares specific runoff 
of the various basins in Bolivia. The contribution 
capacity of non-gauged sections of a specific 
basin or of others with similar areas; it can be 
assess from the statistical data of a gauged 
section. The map shows that areas with the 
greatest precipitation, west of the north and 
central Western Cordillera, Yungas and Chaparé 
regions, have the highest values (40 to 50 l/sec/
km¯²). All of the Amazonian macro-basins vary 
between 10 and 20 l/sec/km¯² and 30 to 40 l/
sec/km¯²; the Bermejo river basin has values 
of 10 to 20 l/sec/km¯², while the basins in the 
remainder of the country have flows from 0 to 
10 l/sec/km¯².

In Bolivian territory, surface waters run 
through a complex system of rivers, lakes, 

pools, wetlands and other bodies of water.  
The surface water resources of a specific 
region come from rainfall in its catchment 
basin, melted snow form snow capped 
mountains and springwaters (underground 
water discharge). Surface water basins in 
Bolivia, including the flow of certain rivers, were 
described in detail by Montes de Oca (2005).

FIGS. 7, 8 and Table 1 show the regional 
abundance of freshwater in Bolivian 
territory, which has been divided into two 
areas, one where freshwater is continuously 
available and another where freshwater is 
scarce or absent. On a national scale, the 
supply of water (blue water) is greater than 
500,000 million cubic meters/year while the 
current demand is around 2,000 million cubic 
meters/year, which means less than 0.5% 
of the total supply.  It is estimated that the 
national demand of water will increase 18% 
by the year 2012. This relative abundance 

FIG . 7. Surface Water Resources
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Department
�              Rivers �         Run off �        Wells �   Reservoirs    Total
����Systems 

(no.)
� Area

(has.)
Systems 

(no.)
� Area

(has.)
Systems 

(no.)
� Area

(has.)
Systems 

(no.)
� Area

(has.)
� Area

(has.)
��Chuquisaca � 615 � 18,059 � 28 � 587 ��� 5 � 2, 522 � 21 ,168

��Cochabamba � 415 � 48 ,979 � 95 � 3, 310 � 469 �13, 442 � 56 � 21 ,270 � 87 ,001

��La Paz � 661 � 23, 271 � 258 � 4 ,166 � 13 � 163 � 29 � 8, 393 � 35 ,993

��Oruro � 224 � 8, 513 � 84 � 722 � 4 � 107 � 5 � 4 ,697 � 14 ,039

��Potosí � 735 � 10, 840 � 208 � 4, 829 � 9 � 68 � 4 � 503 � 16 ,240

��Santa Cruz � 225 � 11, 099 � 3 � 25 � 1 � 380 � 3 � 3 ,735 � 15, 239

��Tarija � 523 � 33 ,771 � 26 � 230 1 2 ,350 � 36, 351

��TOTAL � 3 ,428 �154, 582 � 702 � 13, 869 � 496 �14 ,160 � 103 �43, 470 �226, 031

City Company Source Flow–Q  (Lt/Sec)

La Paz / El Alto
EPSAS S.A. - Empresa 
Pública Social de Agua 
y Saneamiento (Mixed 
venture Company)

8 surface sources in the Cordillera Real (Tuni, 
Condoriri, Huayna Potosí, Milluni, Choqueyapu, 
Incachaca, Ajan Khota, Hampaturi Bajo)

Between 2,011 
and 4,525

Santa Cruz
SAGUAPAC 
(Cooperative)

9 small cooperatives
Sub-surface aquifers (Tilala) (30 wells) 347 – 2,067

722

Cochabamba SEMAPA
(Municipal company)

Surface sources (Escalerani, Wara Wara, Chungara, 
Hierbabuenani)

Sub-surface aquifers

Between 191 
and 404

462

Sucre ELAPAS 
(Municipal company)

Surface sources (Cajamarca system which includes 
the rivers Cajamarca, Safiri and Punilla)

Surface sources (Ravelo system which includes 
the rivers Ravelo, Peras Mayum Jalaqueri, Murillo 
and Fisculco)

82

389

Oruro

SELA -Servicio Local 
de Acueductos y 
Alcantarillado (Local 
Waterworks and 
Sewage Services) 
(Municipal company)

Surface sources (rivers Sepulturas and Huayña 
Porto)

Sub-surface sources (Wells in Challa Pampa, Challa 
Pampita and Aeropuerto)

34

528

Potosí AAPOS 
(Municipal company)

Surface sources (Khari Khari lagoons) 195

Trinidad COATRI (Cooperative) Sub-surface sources 118

Tarija Cooperative

Surface sources (Rivers: Rincón La Victoria, 
Guadalquivir, San Jacinto)

Sub-surface sources

574

279

Cobija Municipal company Surface source (Bahía Stream) 24

Table 4. Irrigation Systems by Water Source Per Department

Table 5. Types of Source and Flow Supplied in the Capital Cities of Each Department
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Site B 
(mg/l)

As 
(mg/l)

Population 
Use

Irriga-
tion
Use

Kovire 1.43 < 0.10 Acceptable C1S1

Calachaca 30.5 5.63 No C3S3

Frontera 12.5 2.0 No C3S2

Abaroa 13.5 1.81 No C3S2

Calacoto 10 0.69 No C351

Caquena 1 8.82 0.13 No C351

Caquena 2 16 0.5 No C4S3

Blanco No C2S1

M. 
Calachaca

No C2S1

M. 
Mamuta

Acceptable C1S1

The increase in “Calachaca Site” is due to “La 
Quebrada Putina” polluted waters. 

formed the Binational Comision for the Mauri 
River (Comisión Binacional del Río Mauri) 
with operating bases in La Paz and Tacna.  
The Comision is considered part of the 
Lake Titicaca Agreement (Acuerdo del Lago 
Titicaca ALT).

Related Issues:
•	 Addressing issues of natural boron and 

arsenic contamination caused by the 
upwelling of springwater in the Quebrada 
Putina in Peru (Table 8 and FIG. 12 ).

•	 A request from Peru to reduce the total 
flow of the Maure river to Bolivia, by cutting 
the flow of fresh water of the Maure rivers 
affluents.

•	 Building of channels on the Peruvian side 
to avoid pollution of the rivers flowing into 
the Maure River. A “by pass” system will 
chanel the water into channels constructed 
in Peru.

•	 Economic compensation from Peru to 
Bolivia, and possibly from Bolivia, for the 
use of Lake Titicaca’s water through the 
Desaguadero River.

5.4 The Cased of the Lauca River
The Lauca River water head is located in 
the Ciénagas de Parinacota and the Laguna 
Cotacotani (4,400 m) of Chile, and flows into 
the Laguna de Coipasa, close to the town of 
Santa Ana de Chipaya in Bolivia (3,760 m).  It 
crosses the Bolivia-Chile border at Portezuela 
de Macaya (3,892 m) at Hito XX (Urquidi, 
2005a). Since the 1930´s, the government 
of Chile considers the Lauca River as a 
successive international river (transboundary) 
and claimed the right to use 50% of its flow. 
In 1962, the unilateral alteration by Chilean 
authorities of the river course and the transfer of 

50% of its water flow towards the Azapa Valley 
in Arica (Chile), without any compensation 
to Bolivia, caused the rupture of diplomatic 
relations with Chile by Bolivia.

The average flows in Bolivian territory are the 
following:
•	 Lauca River(border): 2.60 cubic m/sec.

Table 8 Toxic Elements and Adequateness of Water  
from the Maure-Mauri River

FIG. 12. Variation of Arsenic Levels in the
 River Maure – Mauri
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5.6 The Case of the Paraguay 
– Paraná Waterway 

5.5 The Case of the Pilcomayo 
and Bermejo Rivers

•	 Sajama River: 4.99 cubic m/sec.
•	 Cosapa River: 3.00 cubic m/sec.
•	 Turco River: 2.45 cubic m/sec.
•	 Laguna Coipasa: 13.00 a 15.00 cubic m/sec.

Related Issues:
•	 Bolivia considers that must have the real 

figures of the water flow of the Lauca River 
in Chilean territory, to ensure it receives the 
50% it is entitled to.  There is no information 
about the flow at the source and at the end 
of the water transfer channel towards the 
Azapa Valley.

•	 Bolivia expects some sort of compensation 
for the water tranfered to the Azapa Valley.

•	 The reestablishment of diplomatic relations 
between both countries.

The Pilcomayo basin is trinational (Bolivia - 
Argentina - Paraguay) with a population of 
1.5 million, of which 1.0 million live in Bolivia.  
The Bermejo basin is binational (Bolivia - 
Argentina) with a popultation of 1.12 million, 
of which 243,000 are Bolivian citizens.

The Rio de la Plata macro-basin is located in 
the southeast corner of the country.  It has 
a surface of approximately 224,918 Sq. Km. 
and is the second largest in Bolivia. This basin 
is shared by the departments of Tarija, Santa 
Cruz, Chuquisaca, Potosí and Oruro.

In order to manage the basins of the 
Pilcomayo and Bermejo rivers, the following 
organizations have been formed through 
agreements signed by Bolivia, Paraguay 
and Argentina:
•	 Comité Interamericano de la Cuenca del 

Plata (Interamerican Committee for the 
Plata Basin).

•	 The “Comisión Nacional de los Ríos 
Pilcomayo y Bermejo” (National Comission 
for the Rivers Pilcomayo and Bermejo) was 
created in 1989 to coordinate and agree 
on policies and actions for international 
negotiation of both basins. This collegiate 
body has an “Oficina Técnica Nacional 
(OTNPB)” (National Technical Office) with 
headquarters in Tarija and is in charge of 
operations and technical contributions.

•	 In 1995, the “Comisiones Trinacional y 
Binacional” (Trinational and Binational 
Comissions) were created for each of the 
basins.

•	 The OTNPB has the following programs:
  * Strategic Action Plan for the Binational
     Basin of the Bermejo River.
  * Construction Program for the Las Pavas,
    Arrazayal and Cambarí Reservoirs.
  * Project for Comprehensive Management 
   and Master Plan of the Pilcomayo River
   Basin.

Related Issues:
•	 Bolivia is the water head of the Basin.
•	Maximize the use of its water in Bolivia 

(regulated flow).
•	 Avoid causing critical damage to down 

stream countries.
•	 Reservoir Projects (funding and uses).
•	 Continue the projects for environmental 

recovery and the disposal of sediments.

Aguirre and  Graveral ports are part of the 
Paraguay – Paraná Waterway and they receive 
both, national and internatinal freighters. This 
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Water Policy
in Brazil
José Galizia Tundisi1, Marcos Cortesão 
Barnsley Scheuenstuhl2 

1. Introduction

2. Water Resources in Brazil

In this document the authors describe 
the distribution, the availability and the 
contamination of the water resources in 
Brazil as well as the water policy needed to 
cope with these problems. The institutional 
organization of the integrated management 
of water in Brazil is presented, and challenges 
to further develop a water policy in Brazil are 
discussed. These challenges range from, a 
better enforcement of a legal framework at 
watershed level, to reduce contamination 
and disasters which occur due to hydrological 
changes and watershed degradation, to the 
development of technologies for an adequate 
ecological management of water resources with 
regards to watershed protection, restoration, 
prevention and deterioration. Investments in 
Science, Innovation and Technology dedicated 

1Instituto Internacional de Ecología, São Carlos, 
Brasil
1Instituto Nacional de Ciencia y Tecnología 
en Recursos Minerales, Agua y Biodiversidad 
(Ministerio de Ciencia y Tecnología)
1Feevale University, RS

2Academia Brasileña de Ciencias

Key words: Water resources; water availability; 
water quality; hydrological cycles; contamina-
tion; management, water policy.

Brazil has 12% of the Planet Earth’s fresh 
water resources. These resources are unevenly 
distributed throughout its national territory, 
which extends from 5º north latitude to 34º 
south latitude, with a variety of climates and 
climatological influences which range from the 
Equatorial region, to the cold fronts originating 
in the Antarctic Zone. The average precipitation 
in Brazil (historical data 1961-2007) is of 1,765 
mm, ranging from 500 mm in the semiarid 
regions of Northeast Brazil to 3,000 mm in the 
Amazon region (FIG. 1). The main watersheds 
of Brazil are represented by 12 hydrographic 
regions. The three most significant ones 
are: the Amazon Watershed, The Paraná 
Watershed and the São Francisco River 
Watershed (FIG. 2).
 
In FIG. 3 we see the spatial distribution of 
specific water discharge which ranges from less 
than 2 liter/second/km2 (in semiarid region of 
the Northeast) to more than 30 liters/second/
km2. Currently, fluviometric stations all over 
Brazil are providing representative data showing 
specific discharge at all twelve watersheds. The 
distribution of ground waters in Brazil is also 
inconsistent. There are regions with abundant 
water availability (such as The Guarani Aquifer 
in southern Brazil and other sedimentary 
aquifers) and regions with low availability 
(such as those of the crystalline rocks in the 
semiarid regions). The sedimentary aquifers 

to water resources need a vigorous and long 
term strategy in order to sustain a permanent 
improvement on the water policy. Regions 
which require a special attention with regards 
to the water policy in Brazil are the Amazon and 
the Northeast.
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3. Water Uses
As in many other countries or regions of the 
world the forms of utilization of water in Brazil 
are diversified and their intensity is related to the 
economic, social and agricultural development 

4. Multiple Water Uses and Conflicts
The multiple uses of water in Brazil, together 
with the economic development of the 
country, have generated conflicts in the 
following areas:
1.	Water use in agriculture and the supply of 

water  for urban areas;
2.	The public supply of water has been 

affected due to an increase of agribusiness 
production and deforestation, which have 
affected areas of recharge of aquifers, and 
water quality at their sources.

3.	Expansion of urban non treated solid waste 
disposal and the water quality of surface 
and ground water.

FIG. 2. The Twelve Hydrographic Watersheds of Brazil

occupy 48% of Brazil´s total area. FIG. 4 shows 
the area of recharge of aquifers in relation to 
the twelve hydrographic basins. The number 
of new wells constructed for exploitation of 
ground water is around 10.500/year in Brazil, 
which shows the economic importance of 
this resource.

in the 12 watersheds. Among the consumptive 
uses are: public supply (urban and rural), 
industry and irrigation. As for non consumptive 
uses, we can cite: hydroelectricity, fisheries, 
navigation, agriculture, tourism and recreation) 
(FIG. 5). An important issue in Brazil is the 
discharge of used water into reservoirs, rivers 
and lakes. When this water is not treated (as is 
frequently the case) it becomes a problem that 
needs to be seriously considered, seeing that 
the water becomes unavailable to support any 
other activity which depends on clean water. 
Hydroelectricity generates 68% of the total 
energy produced in Brazil (Agência Nacional 
de Energia Eléctrica, inf. 2008). The potential 
of hydroelectricity in the southeast of Brazil 
is now almost worn out, therefore a large 
percentage of them potential of hydropower 
still remains in the Amazon region (70% of 
all hydroelectricity potential of Brazil). This 
is an issue which needs to be considered 
for the future water policy in Brazil (Tundisi 
& Matsumura-Tundisi, 2010a; Tundisi and 
Campagnoli, in preparation).

(SOURCE ANA 2009)

FIG. 1. Average Precipitation in Brazil
SOURCE ANA 2009
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5. The Water Quality in Brazil

4.	Expansion of hydroelectricity impact in 
the tributaries of the Amazon River and 
disruption of the hydrosocial cycle.

5.	Heavy contamination by toxic metals, 
eutrophication, excessive use of fertilizers 
in agriculture, discharge of non-treated 
domestic water and costs of water treatment.

The present situation of water quality in Brazil 
is a consequence of several impacts which 
resulted from the following situations
1.	Urbanization and discharge of non-treated 

waste water in rivers, lakes and reservoirs 
(UNESCO, UNEP, 2008).

2.	Inadequate disposal of solid waste, which 
impacts the surface and the ground waters.

3.	Agricultural activities with excessive use of 
fertilizers, pesticides and herbicides.

4.	Industrial activities with effluents containing 
toxic metals; deforestation and the increase 
of transportation of suspended material 
reducing the volume of the reservoirs, 
changing morphometry of the rivers and the 
natural lakes; mining activities degrading 
the surface and ground waters; production 

6.	Increase in the cost of treatment of water 
due to the degradation of the sources, 
deforestation, and contamination of aquifers.

7.	Impacts of degraded water on human health, 
mainly in urban and metropolitan regions.

FIG. 3. Spatial Distribution of Specific 
Discharge in Brazil 

SOURCE ANA 2009

FIG.  4. Recharge Area of the Main Aquifers in Brazil FIG. 5.  Uses of Water in Brazil

(SOURCE ANA 2009)

Total Water: 1,841.5 m3/S
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FIG. 6. Percentage of Treatment of Wastewater in Brazil

of hydroelectricity and construction of 
reservoirs which change river flows, river 
biodiversity and are  the  cause of several 
impacts on major watersheds such as the 
Paraná, São Francisco and the Amazon River 
tributaries (Straskraba  & Tundisi, 2008; 
Tundisi & Matsumura-Tundisi, T, 2008).

As a consequence of the several economic 
activities and the multiple uses of water, 
the main problems of water pollution and 
contamination are the increase of toxicity 
of the surface and ground waters; the 
eutrophication of rivers and reservoirs with 
excessive growth of toxic cyanobacteria 
causing organic contamination of water 
sources, especially near the large urban 
centers and metropolitan regions; siltation, 
and emission of greenhouse gases from 
eutrophic waters. (Azevedo, 2005; Jorgensen 
et al., 2005; Tucci & Mendes, 2006; Straskaba 
and Tundisi, 2008; Tundisi et al., 2006; Abe 
et al., 2009; Sidagis Galli, et al., 2009; ANA. 
2009; Bicudo, Tundisi and Cortesão S., 2010).
The Water Quality Index shows critical 
negative values in the upper Paraná watershed 
(Tietê and Iguaçu Rivers) located in the south 
and southeast regions. The cost of water 
treatment in the watersheds of the southeast 
and south regions is very high (more than 200 
US dollars/1,000m3). The Trophic State Index 
for Brazil is also high in the southeast and 
south regions. Eutrophic and hypereutrophic 
waters in these regions are a source of heavy 
expenses with regards to water treatment, 
impairing multiple uses such as recreation, 
tourism and fisheries (Tundisi et al., 2006).

As a general trend, the surface and ground 
waters of watersheds of the South, Southeast 

and Northeast have a low Water Quality 
Index  and a high Eutrophic Index as a result 
of human activities and the concentration 
of waste water and toxic substances and 
elements (FIG. 6 and FIG. 7).

In certain regions of the country, such as in some 
reservoirs of the Paraná and São Francisco 
watersheds, the use of water for fisheries, 
recreation and to supply the population was 
prohibited due to the heavy degradation.

The degradation of water quality in Brazil 
can also be aggravated due to hydrologic 
extremes. For example, with heavy rains and 
high discharge in urban and metropolitan 
regions, contamination can increase three to 
four times its usual (Tucci & Mendes, 2006; 
IIEGA/PMSP, 2009). During extreme events 
of dryness in the Northeast, eutrophication in 
reservoirs, used for storage of drinking water 
and for quenching animal thirst, can frequently 
be a source of water quality degradation.

SOURCE ANA 2009
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7. Challenges for the 
Water Policy in Brazil
7.1 Social Challenges
Despite the institutional progress in the 
organization of the integrated water resources 
management in Brazil, huge problems still exist 
with regards to proving water and sanitation 
services to the entire population. The water 
availability is relatively good, with about 80% 
of the population being supplied with clean 
water. But the sanitation problem is enormous 
and complex. With only 30% of the wastewater 
being treated and very poor systems of solid 
waste disposal and removal, the contamination 
of surface and ground waters are high and 
severely impact human health (ANA, 2009). As 
expressed in OECD (2003), “many social issues 
involved in water management”, (pp. 33 “key 
trends and challenges”) can be analyzed in 
terms of “equity”. 

This means equity among income groups. In 
Brazil poorer consumers can be found paying 
more for the water due to an inefficient 
distribution system. And in the surroundings 
of the urban areas of all metropolis of 
Brazil (São Paulo, Rio de Janeiro, Salvador, 
Recife, Porto Alegre, Belém, Fortaleza and 
Manaus), around 30 million people need 
adequate sanitation (solid waste disposal 
and wastewater treatment) (Tundisi & 

These advances at federal and state levels 
were not followed by the organization of the 
water management at the municipal level; 
therefore, this is one of the major challenges 
needed to be addressed in the water policy 
in Brazil. Another relevant challenge is 
the need to establish adequate pricing 
mechanisms. For example, agricultural 
use of water is heavily subsidized thus 
preventing better and more efficient use of 
water for food production.

For the interstate watersheds, plans for water 
resource management are in progress but 
show slow advances. The specification of 
desired standards of water quality of the rivers, 
lakes and reservoirs related to the multiple 
uses of water, is also slow, considering the 
economic pressure for more water withdrawals 
in different sectors of activities.

The licensing for water withdrawals has been in 
progress since the editing of the water law in 
1997. This authorization is given by the National 
Water Agency and includes all multiple uses such 
as public supply of water, extraction of ground 
water for several purposes, hydroelectricity 
and food production. Currently water license 
for withdrawals has been given to 3.520m3/s 
in several of the twelve watersheds of Brazil 
(ANA, 2009).  The largest water withdrawals 
licenses were granted in the Paraná watershed 
(1,300m3/s).

The National System of Information for 
water resources in Brazil is coordinated by 
the National Water Agency and started 
to be implemented in the year 2000. This 
system consists of four major components: 
subsystem of use and regulation; subsystem 

of planning and management; subsystem 
of quality and quantity and a subsystem 
of “water intelligence”(geographical/
territorial information and documentation 
on water resources). Water pricing is at 
present implemented in four watersheds, 
in Brazil, with a tendency to improve and 
be established in federal and state rivers.
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Matsumura-Tundisi, 2010c). The current 
situation of urban rivers is a picture of this 
problem: most urban rivers in large cities 
or small towns are polluted and degraded 
and need urgent projects for restoration and 
recovery (Tucci and Mendes, 2006).
There is also a disparity among regions with 
regards to having access to water services 
and wastewater treatment. Rural populations 
are affected in many regions of Brazil with 
regards to having limited access to water 
and sanitation services. Consumption levels 
also show disparities among regions in Brazil 
(Rebouças, et al., 2006). 

The large scale deficit in sanitation in Brazil is 
thus a social challenge of the highest priority, 
concerning reduction of vulnerability of 
periurban populations. Diseases generated 
from poor water distribution or non treatment 
of wastewater is high. The changes in the 
hydrosocial cycle as a consequence of 
human activities such as the construction 
of reservoirs, are not yet well understood in 
Brazil and efforts to measure the impacts, 
reduce or remove them are needed 
especially considering the expansion of the 
hydroelectricity production (Tundisi and 
Campagnoli, in preparation). 

Efforts to implement an integrated policy 
for the management of water resources at 
watershed level in Brazil have to be enhanced 
through the support of the large scale 
decentralization program which is currently in 
progress. This will include attention to surface 
and ground water management, and the 
promotion of an integration of biogeophysical 

7.2 Integrated Water Resources 
and Watershed Management

data, soil uses, agricultural activities and water 
quality of streams, large rivers, reservoirs 
and lakes (Braga, et al., 2006; Tucci, 2007). 
The pressure to increase food production is 
becoming a threat to natural areas of forests, 
riparian vegetation and wetlands. Removal 
of vegetation by increasing the area of 
agriculture is one of the urgent problems to 
be solved by both the municipalities and the 
federal and state agencies. Changes in water 
quality of surface water due to the removal 
of riparian forests, mosaics of vegetation and 
wetlands were demonstrated recently (Tundisi 
& Matsumura-Tundisi, 2010b). A modification 
of the forest protection law in benefit of 
agriculture production is in discussion in the 
Brazilian Congress, mobilizing society, the 
Brazilian Academy of Sciences and scientists 
in order to stop changes that will be harmful 
to the water availability and quality as well as 
to biodiversity.

On the other hand there are several initiatives 
to improve reforestation by promoting 
incentives to farmers. These initiatives at 
municipal level are being adopted in many 
regions of Brazil and will undoubtedly be 
countermeasures to the deforestation 
process and the possible changes in the 
federal law. In many Brazilian towns of 
200,000 to 500,000 inhabitants, the proposal 
for the protection of areas that are important 
to water supply and aquifer recharge have 
been made, creating new opportunities 
for improving water management. The 
improvement of the practices of river basin 
management, adopting the ecosystem 
approach, is a step that is being incorporated 
in water management initiatives in Brazil. 
Though this is still a relatively slow process, 
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The relevance of the national water resources 
in the economic development of Brazil 
is well known. Water is fundamental for 
food production, hydroelectricity, navigation, 
recreation and fisheries. Studies on the 
relationship between the limits of economic 
growth and the surface and ground water 
availability are required. The use of economic 
instruments to manage water resources (such as 
the water polluter pays or the water consumer 
pays principles) requires further strategic 
studies (Canepa, et al. 2006, Hartman, 2010).

7.8.2 Water and Economy

FIG .9. Cold Front in Southeast Brazil on January 13th 2011 
(http://satelite.cptec.inpe.br/acervo/loop/?idFonte=14.)

7.8.3 The Social and  Economic Impact 
of Hydrological Changes and Extreme 
Conditions
As referred by Tucci (2007), the management 
of risks related to natural disasters has social 
and economic implications that need to be 
analyzed. Between 1994 and 2003 losses due 
to natural disasters amount to 6.8 billion U$ 
dollars in all countries. The recent trend in 
the growth of natural disasters is due to the 

In Brazil many water borne diseases still 
persist despite national government efforts or 
regional actions. Schistosomiasis, Leptospirosis 
intoxication by toxins of cyanobacteria, and 
dengue fever are diseases that affect millions 

7.9 Water and Human Health  

increase of the population in areas of risk, 
increase of urban growth and variability of 
the hydrological cycle associated to climatic 
changes. In Brazil with 80% of the human 
population located in metropolitan regions 
or urban areas, infrastructure and soil use 
are deteriorated especially in the periurban 
areas of midsize (< 1,000,000 inhabitants) or 
larger metropolis (> 5,000,000 inhabitants). 
Areas of risk are extensive and the population 
considered vulnerable amounts to about 20 
million inhabitants. The fragmentation of the 
watersheds due to urbanization is a reality, 
generating consequences on the water 
cycle, floods and the deterioration of water 
quality. Strategic studies on these impacts, 
development of alarm systems, and removal 
of populations are urgent actions needed to 
improve the National water policy.

BRAZIL

could potentially supply, in the future, 70% 
of the hydroelectricity of Brazil. This must 
be considered regarding biodiversity loss, 
greenhouse gas emissions, and change in the 
hydrosocial cycle in the river morphology and 
flow. As the aquatic fauna of rivers is severely 
impacted by reservoirs, the large catfish living 
in the tributaries of the Amazon can be affected 
running the risk of depletion of stocks and even 
extinction. Therefore the location, engineering, 
retention time, volume and inundated areas 
of reservoirs should be strategically studied 
in order to preserve important areas of mega 
biodiversity and the hydrosocial cycle (Tundisi 
and Campagnoli, in preparation).

http://satelite.cptec.inpe.br/acervo/loop/?idFonte=14
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8. Conclusions
The water policy in Brazil considering present 
and future perspectives was discussed in this 
document. Brazil is a country with abundant 
water resources unevenly distributed in 
relation to the distribution of population and 
economic activities. Water uses in Brazil are 
diversified with approximately 70% used 
in agriculture and 30% in water supply for 
human uses, industries, fisheries, recreation, 
tourism, navigation and hydroelectricity. 

The Brazilian water law was established in 1997 
and the implementation of integrated water 
resources management has evolved since 
then. In 10 years, the 27 states in Brazil have 
established councils for water management and 
systems of water management throughout the 
watershed committees. In 2001 the National 
Water Agency was founded with the objective 
to coordinate actions at federal level, and help 
implement the integrated water management 
process at each region with federal rivers and 
each state of the Brazilian federation. Despite 
considerable advances at institutional level 
and a continuous search for efficiency and 
decentralization, problems remain.

Brazil water policy challenges:
•	 Further efforts to implement integrated 

watershed management at the watersheds 
(state and national watersheds). 

•	 Adopt water quality targets, sanitation 
targets (domestic wastewater treatment and 
solid waste disposal and treatment), in order 
to reduce risk and vulnerability especially of 
periurban and rural populations. 

•	 Promote heavy investments at federal, 
state and municipal levels to reduce water 
contamination by fertilizers, pesticides and 
toxic metal. 

•	 Develop strategies for solving conflicts over 
multiple water uses: hydroelectricity in areas 
of high biodiversity (as the Amazon region), 
regional impacts on the hydrosocial cycle, 
growth of agriculture and deforestation, with 
impacts on water sources for public supply. 

•	 Develop and stimulate strategic studies in 
water resources, economic development 
and the use of economic instruments for 
integrated water resources management 
(the polluter pays and the consumer pays 
principles). 

•	 Promote integrated watershed management, 
with an ecosystem concept introducing 
new and less costly technologies such as 
ecohydrology and ecotechnologies. These 
management practices can be articulated 
with ecological studies and the introduction 
of technologies for recovery of streams, 
urban rivers, large rivers, and protection of 
aquifers.

•	 Promote studies for the economic 
evaluation of freshwater ecosystem 
services such as the role of wetlands 
and riparian forests in the maintenance 
of water quality and water quantity and 
maintaining biodiversity.

Integration of ecologists, engineers and 
limnologists is needed for these advances 
(Hespanhol, 2010, Tundisi & Matsumura-
Tundisi, 2010a). Research to support 
technical criteria for adoption of measures for 
protection and vulnerability of aquifers is also 
needed (Hirata et al., 2010). Additionally, the 
development of guidelines of contamination 
based on bioindicators, ecological and 
limnological studies at different watersheds 
are needed (Bere and Tundisi, 2010, Tundisi, 
et al., 2010a).
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All levels of government in Canada 
should adopt an adaptive, integrative and 
participatory approach to water governance 
from a systems thinking perspective for 
proactively addressing existing strategic water 
problems as well as unforeseen difficulties that 
will arise in the future. In consultation with all 
levels of government and key stakeholders, 
Canada should develop a comprehensive 
national water policy that reflects the values 
of Canadians and has precedence over 

1. Introduction 

international trading agreements. Because of 
its vastness and the rich diversity of climate 
regions and ecosystems, Canada has many 
regional water problems to solve such as 
melting glaciers in the Rocky Mountains, 
droughts in the Prairies, high water demand 
in the oil sands, flooding in Manitoba, 
fluctuating water levels and pollution in the 
Great Lakes, expanded hydroelectric power 
developments in northern Quebec and 
Labrador, and the threat of water exports, 
especially from the Great Lakes.

A wide variety of challenging water-related 
problems to tackle occur in many regions 
of Canada: groundwater over-exploitation, 
contaminants of emerging concern, brownfield 
prevention and redevelopment, bottled water, 
and the increasing negative impacts of climate 
change. Accordingly, specific recommendations 
are put forward for achieving enlightened water 
governance in Canada as well as internationally. 
Moreover, connected governance innovations 
related to climate change, energy and trade are 
also formulated.

Canada has a reputation of being blessed 
with vast quantities of freshwater, given the 
many prominent bodies of water that feature 
on its landscape, including the Great Lakes, 
many other giant lakes (Great Slave, Great 
Bear, Winnipeg) and the thousands of lakes 
dotting the Canadian Shield ( FIG. 1). In light 
of this apparent abundance of water, it is 
not overly surprising that Canadians use an 
enormous amount of water in comparison to 
other nations. The per-capita use of water by 
Canadians (including agricultural, industrial 

2. Overall Water Situation in Canada

A Strategic Viewpoint
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3.1, although since its inception in 1867 
Canada has made noteworthy advances 
in the management of its enormous water 
resources in cooperation with its provincial 
and territorial governments. Internationally, 
Canada and the USA cooperatively manage 
their many shared water basins in a fair and 
effective manner via the International Joint 
Commission which implements the policies 
of the Boundary Waters Treaty of 1909, as 
explained in Section 3.2. Water basins within 
Canada and those shared with its friendly 
southern neighbor along the border with the 
USA, are generally well-governed following 
the principles of integrative management 
under stakeholder participation (Section 
6.2), as discussed in Sections 3.2 and 3.3, 
respectively. To overcome inherent weakness 
in federal water legislation regarding water 
quantity and quality issues, the Canadian 
Council of Ministers of the Environment 
tackles specific water and other environmental 
problems of national interest, as mentioned 
in Section 3.4. However, Canada’s obligations 
to abide by the trade agreements within 
the World Trade Organization (WTO) and 
the North American Free Trade Agreement 
(NAFTA) threaten Canada’s sovereignty 
over its natural resources, such as water and 
energy, and its environmental stewardship of 
its vast ecosystems as dictated in its national, 
provincial and local laws and regulations. 
The ongoing conflict over water and trade is 
outlined in Section 3.5 while the looming peril 
of the exportation of Canadian water in vast 
quantities is addressed in Section 4.7.

The Dominion of Canada was created on 
July 1, 1867 and initially consisted of Ontario 

3.1 Legal Structure Water in Canada

(Upper Canada), Quebec (Lower Canada), 
Nova Scotia and New Brunswick. Today, 
Canada consists of ten provinces, Nunavut, 
the Yukon and the Northwest Territories, as 
depicted in FIG. 1. The Constitution Act of 
1867, formerly called the British North America 
Act, forms the foundations upon which the 
constitution has been expanded or modified 
on many occasions since the confederation of 
the four former British colonies to establish 
Canada. The Constitution Act specifies how 
responsibilities are shared among the three 
levels of government in Canada: federal, 
provincial or territorial and municipal. At 
the federal level, the Parliament of Canada 
consists of a House of Commons (Members 
of Parliament are elected. The leader of 
the political party holding the most seats 
is usually the Prime Minister) and a Senate 
(Senators are appointed). Under Article VI in 
the Constitution, Distribution of Legislative 
Powers, the federal government controls the 
regulation of trade and commerce (Section 
91.2), navigation and shipping (Section 91.10),  
sea coast and inland fisheries (Section 91.12) 
and proprietary interest of certain northern 
waters (Shrybman, 2000). 

Under Article VI in the Constitution Act, 
the provincial legislatures possess primary 
responsibility for most natural resources, 
public lands and property (Section 92.5). 
Although water is not explicitly mentioned 
in the Act, in law water is categorized as 
property and land is understood to include 
water. Accordingly, the provinces own their 
water resources, including both surface 
and groundwater, and are responsible for 
flow regulation, authorizing water use and 
development, as well as granting authority 

CANADA



142

to legislate areas of water supply, pollution 
control, and thermal and hydroelectric power 
development. Additionally, the provinces 
have taken the primary responsibility for 
managing water via passing water laws, 
licensing water use and waste discharge, and 
delegating powers to local municipalities and 
basin conservation authorities which carry 
out important implementation roles in water 
management. Nonetheless, the division 
between federal and provincial jurisdictions is 
not always clear, or is contradictory, as in the 
case of water exports discussed in Section 
4.7. An additional legal complication within 
Canada is that water law in Quebec is derived 
from Quebec Civil Code, which has its roots in 
Code Napoleon, whereas water laws in other 
Canadian provinces fall within civil law based 
upon Common Law from the United Kingdom. 

Because water often crosses or overlaps 
with jurisdictional boundaries within 
Canada and also with the United States, 
the federal government is often involved 
with intergovernmental accommodation 
and cooperation (Pearse, 1998). After 
confederation in 1867, the federal 
government assumed responsibility for key 
water projects, such as large dams and flood 
control works, and for serving the nation’s 
interests, like encouraging commerce and 
settling the west (Sections 3.2. and 3.3 for the 
case of bilateral cooperation with the United 
States). In 1966, a water administration 
was established in the new Department of 
Energy, Mines and Resources, for which the 
freshwater component later became the 
Inland Waters Directorate. Subsequently, 
an Interdepartmental Committee on Water 
was founded to coordinate water programs, 

and legislation passed in 1970 included the 
Canada Water Act, Arctic Water Pollution Act, 
Northern Inland Water Act and amendments 
to the Canada Shipping Act and Fisheries Act. 
Canadians were clearly concerned with many 
issues related to water such as water supply, 
spread of water contaminants, pollution 
control, flood damage reduction, drought 
and heritage river protection. They came to 
envision water as not just a commodity but 
as a fundamental element of the environment 
and Canadian culture. 

The federal government’s contributions to 
water policy reached its apex in 1987, with 
the issuance of the Federal Water Policy, 
which was based on the 1985 Pearce report. 
This relatively insightful and encompassing 
policy was designed “... to encourage the 
use of freshwater in an efficient and equitable 
manner consistent with the social, economic 
and environmental needs of present and 
future generations”. Unfortunately, the 
Federal Water Policy was tabled in the House 
of Commons and never became law. Instead, 
issues related to water were absorbed within 
the Canada Environment Act of 1989, and the 
ruling Conservative government focused on 
negotiating the 1989 Canada-USA Free Trade 
Agreement. Currently, Canada still does not 
possess an encompassing national water act 
and a key recommendation in Section 6.1 is 
that Canada develop one. 

Under the existing Environmental Protection 
Act, the Fisheries Act and the Canada Water 
Act, the federal government has overriding 
responsibility for the health of inland fisheries, 
the transmission and deposition of deleterious 
substances and the mandate to monitor the 
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status of the nation’s freshwater. The federal 
government also oversees transboundary 
waters, water for aboriginal communities, and 
water on federal lands such as national parks 
and Department of National Defence lands.

Federally-supported research studies are 
continuing. In 2004 Environment Canada 
published a collection of studies of 
municipal, agricultural and industrial uses 
of water (Environment Canada, 2004), and 
in 2009 an Expert Panel of the Council of 
Canadian Academies published their study 
on groundwater in Canada (CCA, 2009) 
(Section 5.1).

Globally, there are 261 international river 
basins draining a total area equal to half of the 
land mass in the world (Wolf, 2010) and about 
40% of the world’s populations live in water 
basins shared by two or more nations (Global 
Water Partnership, 2009, p. 55). Many people 
believe that nations competing for control 
of scarce water resources may ignite warfare 
among countries in the future (Gleick, 1993), 
although some authors think that conflict 
over water may be a reason for cooperation 
and peace (Wolf, 2002). Accordingly, to 
protect and conserve limited water resources 
and to avoid possible international conflict 
over transboundary water resources, an 
increasing number of international water 
policies are being put into effect (Dellapenna, 
2001). Currently, over 3,600 bilateral and 
multilateral international agreements have 
been signed around the globe (Vinogradov 
et al., 2003), of which four important treaties 
are compared by Ma et al. (2007) to assess 
their effectiveness according to meaningful 

3.2 Boundary Waters Treaty of 1909

criteria. The first general codification of the 
laws pertaining to international watercourses 
was the Helsinki Rules on the Uses of the 
Waters of International Rivers, which was 
adopted by the International Law Association 
in 1966. Although the Helsinki Rules 
guideline was not legally binding, it soon 
received global acceptance as customary 
international law and was an important 
influence on the water agreements of many 
organizations and countries until the creation 
of the United Nations’ Convention on the Law 
of Non-Navigational Uses of International 
Watercourses in 1997. It was superseded by 
the Berlin Rules on Water Resources in 2004 
(Salmon, 2007).

On January 11, 1909, the USA and Great 
Britain, on behalf of the Dominion of 
Canada, signed the Boundary Waters Treaty, 
which has proven to be over time a highly 
successful bilateral treaty to prevent and 
resolve transboundary disputes regarding 
water and the environment and, therefore, 
provides an ideal model for countries to 
emulate. FIG. 2, displays the many water 
basins overlapping the Canada/USA border, 
spanning almost 9,000 km. The fundamental 
reason why this treaty has worked so well in 
resolving conflicts arising in the numerous 
international river basins shared by these 
two nations is that the treaty has been 
purposefully designed to reflect the values 
of the stakeholders in a fair and transparent 
way by “hard-wiring” appropriate provisions 
into the treaty. Specifically, to implement its 
mandates and to make it fully operational, 
the treaty created the International Joint 
Commission (IJC), an independent binational 
body having investigative, regulatory and 
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adjudicative roles. The IJC is comprised of six 
members – three Commissioners appointed 
by the President of the United States, with 
advice and approval of the Senate and an 
opportunity for congressional oversight of 
the appointment, and three by the Governor 
in Council of Canada, with input from the 
Prime Minister but no additional oversight. 
Accordingly, the citizens of both countries 
have equal representation on the IJC, with 
a Commissioner from each country serving 
concurrently as co-chairs. Most importantly, 
the six Commissioners must act impartially 
in reviewing problems and deciding on 
issues, rather than representing the views 
of their respective governments. In other 
words, the IJC does what is best overall for 
the citizens of both countries, rather than 
acting in the interests of corporations, which 
is the case for the North American Free 
Trade Agreement discussed in Section 3.5. 
As a dispute resolution mechanism, the IJC 
seeks win/win resolutions. The IJC can make 
recommendations on an issue or reference 
put forward by either country, although in 
practice it only acts when both countries 
request an investigation. 

When investigating a problem, such as 
the proposed Garrison Diversion Unit 
irrigation project mentioned in Section 4.4 
(IJC, 1977) and the fluctuating water levels 
of the Great Lakes (Levels Reference Study 
Board, 1993; Yin et al., 1999; Rajabi et al., 
2001; IJC, 2009a) (Section 4.5), the IJC calls 
upon the best experts from both countries 
to carry out extensive background 
studies to come up with impartial 
recommendations for settling the dispute. 
Since its inception, the IJC has executed 
numerous reference studies, including one 
dealing with water exports (IJC, 2000) 
(Section 4.7) and another addressing 
the management of international basins 
following an integrative and adaptive 
approach (IJC, 2009b) (Section 6.2). In its 
regulatory capacity, the IJC gives approval 
for the construction and operation of water 
works that may affect the levels or flows 
at the international boundary. Over its 
history, the IJC has established 30 boards, 
task forces and study boards to manage 
transboundary waters such as the Great 
Lakes Water Quality Board discussed in 
Section 4.5. 

FIG. 2. Water Basins Overlapping Canada/USA Border (Environment Canada, 2011)
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chlorine (TRC) of 0.02 mg/L. In addition, the 
effluent should not be toxic. Although these 
values do not represent the performance 
expected from state of the practice and do 
not even approach the state of the art, they 
represent a substantial step in the process 
of harmonization of national, provincial and 
territorial activities in pollution reduction. In 
fact, a more concentrated effort has been 
made in the Province of Alberta towards the 
development of a regulatory framework for 
managing cumulative environmental effects 
(Alberta Environment, 2007). Recognizing 
that all activities in every watershed impact in 
some fashion the quality of the environment 
and particularly the water, it is imperative 
that the cumulative impacts become a focus 
of management efforts. Achieving working 
relationships among all users in a watershed 
can be a formidable but necessary task.

As explained below, Canada’s international 
trade takes place within the umbrella of 
agreements falling under two major, and closely 
connected, sets of agreements: the array of 
agreements sponsored by the World Trade 
Organization (WTO) and the North American 
Free Trade Agreement (NAFTA). Unfortunately, 
Canada’s valuable water resources are not 
protected under WTO agreements or NAFTA, 
as was falsely claimed by the initial proponents 
of NAFTA. In reality, these two collections of 
trade agreements deal solely with bottom-
line economics and so-called fair trade issues 
with little regard for environmental conditions, 
human rights, labor laws and other societal 
considerations. Moreover, given the fact 
that ecosystems are in rapid decline around 
the globe and the climate is warming as a 

3.5 Conflict over Water and Trade

direct result of industrial, agricultural and 
other human activities connected to trade, 
these trading agreements clearly have to be 
replaced or radically updated to respond 
to the massive environmental crisis facing 
humanity, including problems associated with 
the decreasing quantity and quality of fresh 
water. A recommendation regarding trade 
agreements is put forward in Section 6.3.1 
because of the close connection between 
water and trade. In fact, as mentioned earlier 
in Section 3.2, as water becomes scarcer in 
a world still undergoing huge population 
expansions, many authors predict that there 
will be water wars (Dyer, 2008), although Wolf 
(2002) believes that water forms a focus for 
cooperation between nations and cultural 
groups. Whatever the case, the increasing 
relative scarcity of fresh water is bound to 
breed more and more conflict which hopefully 
will be resolved in a cooperative fashion 
rather than by outright hostility. Nonetheless, 
if responsible action is not taken soon, trade 
and the environment are on a collision course 
(Hipel and Obeidi, 2005).

Since the end of World War II, great strides have 
been taken to encourage free trade among 
nations according to fair trading rules within a 
global marketplace. The General Agreement 
on Tariffs and Trade (GATT) was established 
in 1947, and has been subsequently 
amended by several agreements. GATT was 
established as part of the post-war Bretton 
Woods Agreements that also created the 
World Bank and the International Monetary 
Fund. As the finale of the Uruguay Round of 
Negotiations, which started in September 
1986, the Marrakesh Agreement was signed 
in Morocco in April 1994 to establish the 
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4.7, an American company is suing the 
Canadian government for not permitting it to 
export water in bulk quantities, as was earlier 
permitted by a provincial government before 
revoking the company’s license, even though 
large-scale removal of water could cause 
serious ecological damage.

Accordingly, opponents of NAFTA argue 
that this international agreement permits 
corporations to override Canadian federal 
and provincial environmental, social, cultural 
and economic laws, and thereby pose a 
threat to Canada’s sovereignty and the rights 
of individual Canadians. McMurty (2002, pp. 
112-113) points out that the WTO agreements 
and NAFTA have binding regulations on 
the rights of transnational investors and 
corporations but there is not a single binding 
article with respect to the protection of the 
environment, human rights and labour. Hipel 
and Obeidi (2005) explain the value systems 
of the proponents of free trade and those of 
environmental stewardship in the ongoing 
conflict over trade versus the environment 
and provide numerous references presenting 
the positions taken by both sides. Moreover, 
according to the proportionality principle in 
NAFTA, once water exports are permitted 
they cannot be stopped since the country 
supplying the water cannot reduce the 
relative quantity of water exported to the 
receiving country. As mentioned in Section 
4.7, in response to public outcry in the USA 
and Canada over proposed bulk water 
exports, the International Joint Commission 
(Section 3.2) recommended in a 2000 study 
that no boundary waters be exported in 
bulk unless it can be definitely proven that 
the ecology will not be harmed (IJC, 2000). 

Nonetheless, if a case over water exports were 
taken to the international court in The Hague, 
it is not clear which side would win. Other 
concerns over the exploitation of water are 
furnished by authors such as Sandford (2009), 
Barlow (2007), Barlow and Clarke (2002), de 
Villiers (2003), Dellapenna (2001) and Wolf 
(1998). Canadian and European officials are 
negotiating a new trade agreement, called 
the Canada-European Union Comprehensive 
Economic and Trade Agreement (CETA). Similar 
to NAFTA, CETA would give the interests of 
European corporations precedence over the 
rules and standards of Canadian provinces 
and municipalities (Barlow, 2011). This would 
potentially have many serious consequences 
for Canada, including the privatization of its 
public water systems (Canadian Union of Public 
Employees and Council of Canadians, 2010).

Because current international economic 
agreements only deal with the economic 
aspects of trade among nations, the integrity 
of both the quantity and quality of water in 
Canada’s river basins are under constant 
threat, even though responsible water 
governance may be taking place at the basin 
level (Section 3.3) and other jurisdictions 
within Canada (Sections 3.1 and 3.4), as well 
as river basins straddling the border between 
Canada and the United States (Section 3.2). 
With respect to the systems diagram called 
the hydrologic cycle in FIG. 3, this means 
that Canada’s water resources could be 
damaged at the basin level if appropriate 
legal protection is not provided. Additionally, 
climate change, which many scientists 
believe to be exacerbated by the continuing 
release of enormous amounts of greenhouse 
gases due to the widespread utilization of 
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hydrocarbons as the key energy provider 
for the ever-expanding economic engine, 
can affect all parts of the hydrological cycle. 
Therefore, three recommendations are put 
forward in Section 6.3.2: one encourages 
Canada to negotiate an international 
economic agreement that prioritizes the 
maintenance of a healthy environment, 
societal welfare and the rights of individuals 
within a sustainable development structure; 
another proposes that Canada negotiate an 
effective greenhouse gas emissions treaty 
to lessen the likelihood that the entire 
hydrological cycle in FIG. 3 becomes severely 
and irreversibly damaged due to global 
warming and climate change (see comments 
under Recommendation 9 in Section 6.3.2), 
and a third suggests that Canada participate 
in drawing up a comprehensive international 
treaty for freshwater.

As explained in Section 1 and shown in the 
map of Canada in FIG. 1, Canada is the 
second largest nation in the world with a 
surface area of ten million square kilometers 
spanning many climate and geological 
regions as well as containing a rich range of 
ecosystems. Accordingly, many of Canada’s 
strategic water problems are contained 
within specific regions in Canada. Going 
from west to east, particular water problems 
in Canada start with the melting glaciers of 
the Rocky Mountains of Western Canada 
discussed in Section 4.1. The melting of 
these glaciers is exacerbating drought 
conditions in the Prairie Provinces (FIG. 5), 
as mentioned in Section 4.2. A further drain 
of water resources in Alberta and somewhat 

4. Strategic Regional Water 
Problems in Canada

in Saskatchewan is the quickly increasing 
demand for water needed for extracting 
and processing bitumen mined from the vast 
oil sands reserves (FIG. 6), as explained in 
Section 4.3. A new threat to surface water 
supplies is the emerging shale gas industry, 
which is already leading to significant water 
withdrawals from river systems in the Horn 
River Basin of northeastern British Columbia. 
Current water withdrawal licenses there 
permit removal of water in volumes up to 
275,000 m3 (Parfitt, 2010, p. 26). This industry 
also has implications for groundwater use, as 
discussed in Section 5.1.

The Red River Basin of Manitoba and North 
Dakota ( FIG. 9), as well as downstream lakes 
and rivers like Lake Winnipeg, are under direct 
threat of projects in the USA such as intense 
agricultural activities and the draining of 
the highly polluted inland lake, called Devils 
Lake in North Dakota, which empties via 
the Sheyenne River into the Red River which 
flows northwards into Canada. A nasty brew 
of pollutants and foreign biota from North 
Dakota could have devastating environmental 
consequences in Canada, as discussed in 
Section 4.4, while spring flooding in the Red 
River Basin will continue to wreak havoc (FIG. 
10.), as has recently happened in 1997, 2009 
and 2011. Fortunately, the City of Winnipeg 
has constructed a highly effective floodway 
system for channeling floodwaters from the 
Red River and its tributaries around the city 
(FIG. 10), but other areas can be flooded. 

The governance of the Great Lakes (FIG. 11), 
addressed in Section 4.5 in terms of both 
water quality and fluctuating lake levels is well 
executed as a direct result of the outstanding 
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2,600 m above sea level. The current phase of 
retreat follows a brief period of glacial advance 
during the “Little Ice Age” that peaked in the 
mid-seventeenth century (Rutter et al., 2006).  
There are over 1300 glaciers along the eastern 
slopes of the Canadian Rocky Mountains, 
which stretch across and beyond the western 
edge of the Prairie Provinces (FIG. 5, Section 
4.2) and along the eastern side of British 
Columbia. These glaciers are a key source 
of water for rivers in the Prairie Provinces, 
discharging millions of cubic metres of water 
eastward across the Prairies (CBC News, 
2003). The snow pack in the Rocky Mountains 
performs a similar function to glaciers, building 
up over the winter and then releasing water 
to rivers as it is melted by warmer weather, 
providing most of the streamflow runoff (Lapp 
et al., 2005). 

As demonstrated by Schindler and Donahue 
(2006), however, the diminishing alpine snow 
pack in the Rocky Mountains means the spring 
melt tapers off into the summer, delivering less 
water to the Prairies during the late summer. 
Leung and Ghan (1999) predict an average 
snow cover reduction in this region of up to 
50% in the event of a doubling of atmospheric 
CO2 levels. Currently, glacial melt continues 
to deliver water to Prairie river systems 
throughout the summer but this resource is 
now shrinking rapidly. These glaciers have 
diminished by 25 to 75% since 1850 (CCME, 
2010) and are approaching the lowest levels 
they have been in 10,000 years (NRCan, 2007). 
Although the shrinking of the higher elevation 
icefields may be offset by increased snowfall 
according to certain climate models, the 
lower lying glaciers are expected to continue 
declining rapidly (Parks Canada, 2003). 

The Bow Glacier in Banff National Park, 
Alberta, is an important glacier in the Rocky 
Mountains that is shrinking at a rapid rate. 
During summer months, this glacier is a 
significant water source for the Bow River, 
which supplies the City of Calgary’s drinking 
water. The Bow Glacier has been reduced 
by 27% within the past 60 years and it could 
vanish entirely in 40 years (Ma, 2006). Another 
significant glacier in Banff National Park that is 
endangered is the Peyto Glacier. Researchers 
began measuring this glacier in the early 1980s 
and found 20 years later that it had lost 70% 
of its mass, its height having been reduced 
by the equivalent of a five-storey building. 
They also discovered that its rate of melting 
is increasing (CBC News, 2003). On account 
of the shrinking of Rocky Mountains glaciers 
such as these ones, river flows in the Prairies 
have been reduced by as much as 25% (CBC 
News, 2003). The diminishment of the Rocky 
Mountains snow packs and glaciers, however, 
is not as severe a problem as it could be, as 
dams have been constructed that can hold a 
great deal of springtime flow and gradually 
release it as needed through the summer.

The disappearance of glaciers is also a 
major concern for British Columbia. Most 
of the glaciers in the southern region of the 
province have diminished considerably since 
the 1920s, although glaciers in the north-west 
have expanded on account of heavy snowfall 
(Bruce et al., 2000). A climate change expert 
in British Columbia has predicted that the 
majority of the glaciers within that province 
will be lost within 150 years (Lupick, 2008). 
Another study determined that glaciers in the 
northern hemisphere would undergo a 60% 
overall reduction in volume if average global 
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As shown in  FIG. 5, Canada’s Prairie Provinces, 
consisting of Alberta, Saskatchewan and 
Manitoba, have major rivers originating 
in the Rocky Mountains which flow across 
them. In the southern part, the North and 
South Saskatchewan Rivers drain from west 
to east to the middle part of the Province of 
Saskatchewan where they join together and 
flow as a single river to Lake Winnipeg. 

Further north, the Peace River and Athabasca 
River also start in the Rocky Mountains 
but flow northwards and eventually empty 
into the Arctic Ocean via the Mackenzie 
River. Human modifications to river basins, 
possibly in combination with climate 
warming, have already changed the timing 
of the flows of major rivers in the Prairie 
Provinces, especially during the summer 
months from May to August when water 
demand is high (Schindler and Donahue, 
2006). In-stream flows requirements are 
still met by the current runoff. About half 
of the ten key sites that were examined by 
Schindler and Donahue (2006) currently 
receive 14 to 24% less precipitation than at 
the commencement of the period of record 
and none of the locations have experienced 
precipitation increases. 

However, most seriously, Schindler and 
Donahue (2006) note that summer flows 
have been reduced by 20 to 84% when 

compared to the early 20th century, with 
peak runoff occurring increasingly earlier 
as the winter snowpacks are reduced and 
glaciers retreat in the Rocky Mountains 
(Section 4.1) in conjunction with increasing 
temperature. The worst affected river is 
the South Saskatchewan River, for which 
the summer flows have decreased by 
84% over the past century and its main 
tributaries (the Oldman, Bow and Red 
Deer Rivers) have been subjected to 
impoundments and winter flows have 
been substantially increased to protect 
the aquatic environment.  As droughts 
and water shortages increase in the Prairie 
Provinces, and perhaps other areas of 
Canada, the nation clearly needs insightful 
governance for fairly allocating water among 
competing users, perhaps following the 
systems approach proposed by Wang et al. 
(2008), who have applied their methodology 
to the South Saskatchewan River Basin in 
Alberta and the Aral Sea in Central Asia. 
Accordingly, a specific recommendation is 
put forward in Section 6.3.1. 

4.2 Droughts in the Prairie Provinces

temperature increases by 3°C (Canadian 
Geographic, 2010a). When Western Canada’s 
glaciers disappear, it will be faced with a major 
water crisis (Ma, 2006), especially the Prairie 
Provinces, as explained in the next section

FIG. 5. Prairie Provinces of Canada (NRCan, 2003)
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Climate models predict an additional 
warming of several degrees for the 
Prairie Provinces later in the 21st century 
(Canadian Institute for Climate Studies 
Project, University of Victoria). In addition, 
the forecasted warming could significantly 
increase evaporation by up to 55% in 
some locations. Although climate models 
also predict slight precipitation increases, 
these increments are much lower than the 
expected increases in evapotranspiration. 
What is interesting to note is the Prairie 
Provinces will become much drier in the 
future even if the precipitation increases. 
Moreover, as discussed in Section 4.1, glacial 
wasting in the Eastern Rocky Mountains 
has advanced far enough that glacial melt 
is decreasing which in turn decreases the 
summer flows of the main Prairie rivers. 
Unfortunately, drought in the Prairies will be 
further exacerbated as the human population 
continues to increase, agricultural activities 
expand, wetlands continue to disappear, and 
increased extraction of oil from the oil sands 
require more water if improved technologies 
currently available are not implemented 
(Section 4.3). 

The predictions referred to in the previous 
paragraphs rely upon climate and hydrology 
modeling as well as extensive statistical 
analyses in the face of high uncertainty, all 
of which depend upon having a reliable data 
base and extensive monitoring. Therefore, 
it is not surprising that there is not universal 
agreement about the causes or seriousness of 
these predictions (Grasby, 2008). Environment 
Canada (2004) data show that drought in 
Western Canada and in the Great Lakes region 
has been cyclical over decadal periods. Chen 

and Grasby (2009) argue that most climate 
and discharge records are too short to permit 
the extraction of long-term trends that might 
isolate the effects of recent global warming 
from regional climatic shifts attributable to 
ENSO (El Niño-Southern Oscillation) and 
other natural decadal phenomena. Whatever 
the case, all of this work depends upon having 
sufficient and reliable data and, therefore, a 
recommendation is put forward in Section 
6.3.1 to enhance and expand the monitoring 
of Canada’s water resources so that informed 
decisions can be made. Shortages of water 
in the Prairie Provinces aggravate water 
quality problems. Massive land use changes, 
destruction of wetlands and riparian areas, 
larger discharges of treated human and 
animal wastes, increased usage of fertilizers 
and pesticides, and expansion of activities 
in the oil and gas industries as well as other 
industrial undertakings, all contribute to the 
increased introduction of nutrients into the 
receiving bodies of water. This will cause 
water quality problems such as increased 
eutrophication, more risk of infection by 
waterborne pathogens and declining sports 
fisheries if currently recognized treatment 
technologies are not instituted.

Of the many non-agricultural industrial uses 
of water, three have dominated the uses 
in Canada: pulp mill operations, a variety 
of mining operations, and the oil and gas 
industries. These are primarily raw material 
extraction and export industries for Canada 
with only limited value-added components. 
Water use is variable in these industries. In 
the pulp mill operations, most if not all of the 
mills have secondary wastewater treatment in 

4.3 The Oil Sands
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systematic steps to be a “sustainable” energy 
superpower. 

In 2008, Canada exported about 1.9 million 
barrels of oil to the US, which constitute 19% 
of the American oil imports, making Canada 
the largest supplier of oil to the US and the 
US, in turn, Canada’s largest oil customer. Of 
this volume, 1.7 million barrels per day were 
provided from Western Canada (CAPP, 2009). 

In fact, according to the National Energy Board 
(NEB, 2004), 75% of Canada’s nonconvention 
al oil exported to the United States is 
transported to the Petroleum Administration 
for Defense District II (PADD, built during 
World War II to organize and distribute oil to 
five districts in the US) located in the Midwest 
where there is substantial refining capacity. 
If Canada’s oil sands production level of 5 
million barrels per day in 2030 is achieved 
and export levels are maintained, the US 
will import about 4.5 million barrels per day 
from Canada or approximately 30% of all 
US crude oil imports. No doubt, emerging 
industrialized countries like China and India, 
will also want to buy Canadian oil. Therefore, 
it is essential that Canada gain full control of 
value-added to not only oil, but also to its 
other natural resources, including water. 

This advice is put forward as a 
recommendation in Section 6.3.1. Bitumen 
from Alberta is now being refined into 
value-added fuel in the US and sold back to 
Canadians at a premium (Marsden, 2008, p. 
57). A further complication to the export of 
oil and other resources to the USA is Article 
605, the proportionality clause of the North 
American Free Trade Agreement (NAFTA) 

(Section 3.5), which compels Canada to 
sell to the USA the exact percentage of oil 
exports that prevailed over the previous 
three years, even if Canada urgently needs 
the oil for its own purposes. Over the 
years, oil sands activities have contributed 
considerably to Canada’s economy. For 
example, the oil sands industry expects 
the annual capital expenditures to be 
generated in the range of about $8 billion 
to $12 billion (Richardson, 2007). Between 
2000 and 2020, the Canadian Energy 
Research Institute (CERI) has estimated 
that the total economic impact of oil sands 
activities will create a GDP benefit of $885 
billion. In Alberta,  oil sands activities as 
a percentage of Gross Domestic Product 
will increase from 15% of GDP  in 2006 to 
20% in 2011 (Mourougane, 2008). In fact, 
because the royalty and tax charges from 
the oil sands project are extremely low, the 
total cost per barrel of oil from the oil sands 
project is less than the total cost per barrel 
of conventional oil (Humphries, 2008). 

Although this policy may stimulate growth, 
authors, such as Marsden (2008) and Nikiforuk 
(2008) point out that jurisdictions such as 
Norway and Alaska are benefiting financially 
much better than Alberta, because their 
revenue policies mandate that significantly 
larger amounts of their non-renewable 
resource money directly benefits their citizens. 
Hence, for instance, the Alberta Heritage 
Fund, Alaska Permanent Fund and Norway’s 
fund for their citizens contained about 15.4, 
37 and 306 billion dollars, respectively, in 
2006. One loophole in the Alberta policy 
is that oil sands companies only pay 1% of 
their revenues as royalties and this does not 
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material of the wastewater storage ponds is 
extremely slow with percolation rates of about 
10-9 m/s. Low permeability clay is continuously 
being added at the base, meaning much 
more than several meters of clay forms the 
barrier. As a result, companies claim that the 
Athabasca River is not being contaminated by 
their tailings ponds and less oily material may 
be entering the Athabasca River now than 
before the development due to the blockage 
of naturally oily leaching materials. However, 
an estimate by Environmental Defence (cited 
by Hrudey et al., 2010, p. 111) suggests that 
seepage of polluted water from all tailings 
ponds is currently at a rate of some 11,000 m3/
day. Evaporation and reuse of treated tailings 
pond water are ways for reducing the size of 
the tailings ponds, in addition to approaches 
for decreasing overall water demand by the 
oil sands industry. No tailings ponds have as of 
yet been fully reclaimed (Hrudey et al., 2010). 

Contrary to the findings of the industry-funded 
Regional Aquatic Monitoring Program that 
there is no evidence of oil sands developments 
having a detrimental impact on the Athabasca 
River, recent independent studies have shown 
that there is a significant level of dissolved 
polycyclic aromatic compounds (PACs), a 
pollutant that is detrimental to human and 
aquatic life, in the vicinity and downstream of oil 
sands developments (Kelly et al., 2009), and that 
the 13 elements considered priority pollutants 
under the US Environmental Protection 
Agency’s Clean Water Act are being released to 
the Athabasca River and its watershed by the oil 
sands industry (Kelly et al., 2010). The oil sands 
are extensively exposed along the banks of the 
Athabasca River and its tributaries, and some, 
at least, of the pollution may be attributable 

to natural seepage of the bitumen into the 
groundwater and surface waters. Further 
studies need to be undertaken to attain a fuller 
understanding of the impacts and origin of 
pollutants in the oil sands region. Currently, no 
research programs are in place to investigate 
the issue of groundwater pollution. Kim et al. 
(2011) employed systems methodologies to 
investigate water quantity and quality problems 
in Canada´s oil sands from a multiple objective 
decision making viewpoint.

The area of land disrupted by surface mining 
is about 3,500 km2, of which only 0.2% of the 
land has been reclaimed (Grant et al., 2008) 
as the mining operations in these areas are 
not yet complete. Such a massive change 
of landscape can be highly destructive to 
ecosystems. By 2008, surface mining had 
destroyed 530 km2 of Canada’s Boreal Forest 
(Kelly et al., 2010), an enormous region 
stretching east to west across Canada’s 
mid-section (FIG. 8). It is in fact “one of the 
largest intact forest and wetland ecosystems 
remaining on Earth” (Environment News 
Service, 2007). On December 14, 2009, a 
group of prominent international scientists 
sent an open letter to the government of 
Canada, as well as to the seven other boreal 
forest nations, underscoring the importance 
of boreal forests as a carbon depository 
and urging the government to take decisive 
actions to safeguard this crucial ecosystem. 

A statement from the group accompanying 
the release of the report asserted that boreal 
forests are “not only the cornerstone habitat 
for key mammal species, but one of the most 
significant carbon stores in the world, the 
equivalent of 26 years of global emissions 
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from burning fossil fuels, based on 2006 
emissions levels. Globally, these forests store 
22% of all carbon on the earth’s land surface” 
(Braun, 2009). The report explains that carbon 
is stored not only in the forest vegetation, 
but, more importantly, in “the associated 
soils, permafrost deposits, wetlands and 
peatlands” (Carlson et al., 2009). When the 
forest vegetation or soils are disturbed by 
climate change or direct human intrusion, 
the stored carbon is released and the carbon 
sequestration capability of the forest is 
diminished (Carlson et al., 2009). 

In the view of David Schindler, Killam Memorial 
Professor of Ecology at the University of 
Alberta, this process will accelerate climate 
change to an extent that will dwarf the most 
recent estimates from the Intergovernmental 
Panel on Climate Change (Schwartz, 2010). 
Moreover, the boreal forests of the Mackenzie 
River Basin, where the oil sands are being 
developed, are important for providing 
rain to Manitoba, Ontario and Quebec via 
transpiration (Wood, 2010). A further effect 
of surface mining is that it alters the flows of 
both ground and surface waters and possibly 

changes their quality. This consequence will 
have further impacts on boreal forest, as the 
Mackenzie River is crucial for maintaining the 
boreal forest that follows it north as far as 
the Arctic Ocean (Wood, 2010). The health 
of the Mackenzie River is especially critical to 
the northern Aboriginal communities living 
alongside it, who rely on it to maintain their 
traditional way of life and have a constitutional 
guarantee to this right (Miltenberger, 2010). 

Henry Vaux Jr., Professor of Resource 
Economics at the University of California and 
Emeritus Chair of the Rosenberg International 
Forum on Water Policy, contends that the 
monetary value of the ecological services 
provided by the Mackenzie ecosystem, 
including carbon credits, vastly outweighs 
the profits from oil sands developments 
(Wood, 2010). In light of the importance of 
the Mackenzie River Basin and the serious 
threats it is facing, Rob de Loë, Professor and 
University Research Chair in Water Policy and 
Governance at the University of Waterloo, 
recommends that Alberta and the four other 
provinces and territories that share the basin, 
as well as the Aboriginal groups in the region, 
adopt a collaborative approach to managing 
the Mackenzie Basin, incorporating “accepted 
international norms and best practices” (de 
Loë, 2010). The in-situ method of extraction 
might make the degradation of the landscape 
to appear to be less serious. Nonetheless, in-
situ operations require infrastructure such as 
roads, transmission lines, and pipelines, and 
therefore can also affect both flora and fauna 
negatively over the long term (Richardson, 
2007). By the way in which in-situ mining is 
executed, it can have negative effects upon 
groundwater resources, although it should 

FIG. 8. Canada’s Boreal Forest (NRCan, 2007)
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be noted that the groundwater is already 
naturally contaminated. 

Greatly increased demand for water by 
the oil sands industry coupled with drier 
periods brought about by climate change 
means that water resources will be further 
stressed in terms of decreased availability 
and deteriorating quality. Mannix et al. (2010) 
emphasize that a long-term, cost-effective 
strategy is needed to properly manage the 
implementation of water restrictions in the oil 
sands. Bruce (2006) points out that although 
winter low flows in the Athabasca River 
have declined dramatically in recent years, 
water has been allocated for future projects 
based on the much higher long-term average 
winter flows. Water should, of course, be 
allocated fairly in a sustainable fashion among 
competing users, including the environment, 
perhaps following the fairness allocation 
approach designed by Wang et al. (2008). 
Fairness can be encoded into governance 
procedures in which independent regulators 
and inspectors ensure compliance to the 
associated water quantity and quality laws 
and regulations. Overall fairness also entails 
making sure that revenues from the oil sands 
are equitably shared among stakeholders and 
that all “value-added” activities connected to 
the oil sands are carried out in Canada.  

New extraction projects in the oil sands are 
making use of deep saline groundwater, instead 
of fresh surface waters, and companies are also 
improving their ability to recycle the water 
multiple times, which is significantly reducing 
demand for the fresh waters of the Athabasca 
system. Another “game changer” in the oil 
sands is the development of a new technique 

to speed up the sedimentation of the clay in 
the tailings pond, and thereby reduce the time 
required for their reclamation. Polyacrylamide 
is a substance used in municipal and industrial 
wastewater treatment plants to flocculate 
solids. Suncor is developing a method for the 
application of this substance to the tailings 
ponds, and projects that it will permit the ponds 
to be sedimented, dried out and undergo 
reclamation in ten years, instead of the 40 years 
under the present reclamation methods.

Two important independent studies of the 
oil sands were released in December 2010. 
The Royal Society of Canada commissioned 
an expert panel report on the health and 
environmental impacts of Canada´s oil sands 
industry. The report concludes that, although 
the environmental and health effects of the 
oil sands have thus far not been as drastic 
as some have alleged, both the Alberta 
and federal governments are failing to 
implement monitoring, assessment and 
regulation of the oil sands to an extent that 
is keeping pace with the rapid expansion of 
oil sands development (Hrudey et al., 2010). 
Moreover, an Advisory Panel to the Federal 
Minister of the Environment consisting of five 
leading environmental scientists, including 
co-author of this paper Dr. Andrew D. Miall, 
conducted a review of the current state of 
environmental research and monitoring in the 
region surrounding oil sands developments, 
and made recommendations regarding 
monitoring and best practices to ensure 
that the oil sands are developed in an 
environmentally sustainable manner. 

Assessing the existing approaches to 
monitoring the oil sands to be inadequate 
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and lacking in coordination, the Panel 
recommends “that a shared national vision 
and management framework of aligned 
priorities, policies and programs be developed 
collaboratively by relevant jurisdictions 
and stakeholders” in order to establish a 
monitoring and reporting system for the oil 
sands that is holistic and integrated, adaptive, 
scientifically credible, and transparent and 
accessible (Dowdeswell et al., 2010).

As shown in FIG. 9, the Red River Basin overlaps 
with the American states of North Dakota and 
Minnesota, as well as the southern part of the 
Canadian province of Manitoba in the center of 
North America. The Red River flows for over 800 
km from south to north where it empties into 
Lake Winnipeg north of the City of Winnipeg. 
Although the Red River region is best known for 
extensive flooding, it also has the potential for 
serious water quality problems.

4.4 Red River Basin: Ecosystem 
Security and Flooding

One environmental dispute arising between 
the United States and Canada, which 
was amicably resolved by a ruling of the 
International Joint Commission (IJC) (Section 
3.2), is the conflict arising over the proposed 
construction of a large irrigation project 

called the Garrison Diversion Unit (GDU). 
Under the GDU plan of 1965, the Americans 
would transfer water from Lake Sakakawea 
in the Missouri River Basin, formed by the 
completion of the Garrison Dam on the 
Missouri River in 1955, via the proposed 
McClusky Canal over the great divide to 
the Hudson Bay Drainage Basin where the 
water would be used to irrigate crops in 
the northeastern part of North Dakota. The 
polluted runoff from the irrigated fields 
would flow via the Souris and Red Rivers into 
Canada from where it would eventually enter 
Hudson Bay. In addition to increased flows, 
pollution from fertilizers and pesticides, and 
draining of wetlands, the major concern 
was the possible introduction of foreign 
biota from the Missouri River Basin into the 
Hudson Bay Drainage Basin, which could, for 
example, destroy the fishing industry in Lake 
Winnipeg in Manitoba. Accordingly, the US 
and Canadian governments called upon the 
IJC to make a recommendation. In its report 
of 1977, the IJC ruled that all portions of the 
project except the Lonetree Reservoir should 
be discontinued. The Garrison Diversion Unit 
Commission, created by the US Secretary of 
the Interior on August 11, 1984, essentially 
recommended in its report of December 20, 
1984, that the GDU project not continue. 
Strategic analyses of the GDU controversy 
are provided by Hipel and Fraser (1984) and 
Fang et al. (1993, Ch. 6).

An ongoing environmental conflict between 
the US and Canada which has not yet been 
satisfactorily resolved is the Devils Lake Outlet 
Diversion conflict which has been formally 
studied strategically by Ma et al. (2011) and 
described in many newspaper articles and 

FIG. 9. Red River Drainage Basin (Manitoba Water 
Stewardship, 2010)
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reports (Noone, 2004, 2005; US Army Corps 
of Engineers, 2005; North Dakota State 
Government, 2001; North Dakota State Water 
Commission, 2010). Because Devils Lake, 
located in North Dakota, is land-locked and 
water drains towards it (FIG. 9), evaporation 
and runoff from farm land has caused the lake 
to be severely polluted. Since the last ice age, 
Devils Lake has fluctuated between being dry 
and having a high water level, as it does now. 

The current elevated level of Devils Lake, as 
well as increased Red River flooding, could be 
due to augmented flows of moisture-laden 
warm air from the Gulf of Mexico to the Great 
Plains in combination with climate change. 
In order to alleviate the high water levels 
and associated flooding, the state of North 
Dakota decided to construct independently 
a temporary emergency outlet called the 
Peterson Coulee Outlet, rather than wait 
for the US Army Corps of Engineers to build 
an outlet which was delayed as a result of 
environmental concerns. Because the outlet 
empties into the Sheyenne River, a tributary 
of the Red River which flows northward into 
Canada, the outlet poses potential risks in 
transferring invasive species and degrading 
water quality in Manitoba, which can 
negatively affect people’s health, fisheries 
and the tourist industry (Byers, 2005). 

Therefore, in April 2004, the Canadian 
Government formally requested that the 
Devils Lake outlet proposal be referred to 
the IJC to conduct an independent, impartial 
review of the risks. Because no response from 
the US Government was forthcoming, the 
Canadian Government continued to press the 
US Government to agree to an IJC reference, 

while North Dakota kept constructing its own 
project. On August 5, 2005, Frank McKenna, 
Canada’s ambassador to the United States, 
suddenly announced a negotiated deal with 
North Dakota had been reached in which the 
state would add a temporary gravel barrier 
as the filter to the project before it begins 
operating (CBC News, 2005). The emergency 
outlet diversion has been completed and 
since August 15, 2005, water from Devils 
Lake has been draining into the Sheyenne 
River (Lambert, 2005). However, since an 
advanced permanent filter still has not been 
installed the conflict is ongoing (Owen and 
Rabson, 2010).

When North Americans think of the Red River, 
they usually envision massive widespread 
flooding. In fact, the Red River system is 
prone to serious flooding and in recent years 
major floods occurred in 1997, 2009, and 
2011 (CBC Manitoba, 2011). In part, the 
flood danger results from the fact that over 
much of its length the river lies within a flat 
floodplain, in contrast to the incised nature 
of many other western rivers such as the Bow 
and Saskatchewan Rivers. In addition, the 
substrate beneath the river over much of its 
course consists of a thick, impermeable clay, 
which allows very little of the spring runoff to 
percolate into the ground. 

A further complication is that ice jams 
can occur in the Red River in the spring 
since the river flows from the south to 
north where thaws take place later. FIG. 
10 displays the flooding which occurred 
in April and May of 1997 for which the 
resulting lake was up to 40 km wide. At its 
peak on May 4, 1997, more than 2,560 km2 
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prompted the Great Lakes Governors to 
form a Working Group to study this issue in 
1999, which Ontario and Quebec joined later 
in the year. Subsequently, the Great Lakes 
Governors and two Premiers signed the Great 
Lakes Charter Annex 2001 on June 18, 2001 
in Niagara Falls, New York, as an amendment 
to the Great Lakes Charter of 1985. Within 
Annex 2001, parties agreed to prepare basin-
wide binding agreements in contrast to the 
voluntary obligations of the original 1985 
Charter. On December 13, 2005, the eight 
Governors and two Premiers signed the Great 
Lakes-St. Lawrence River Basin Sustainable 
Water Resources Agreement and endorsed 
the Great Lakes-St. Lawrence River Water 
Resources Compact, which became law on 
December 8, 2008. Key components of the 
agreements are the ban of new diversions of 
water from the Basin except for some special 
cases, and economic development must be 
executed via the sustainable use of water.

The substantial monthly and yearly fluctuations 
in water levels present significant problems 
with respect to shoreline flooding and erosion, 
hydroelectric power generation, navigation, 
docking, and the loading and unloading of 
transported materials (Environment Canada, 
2009; Section 5.5). In fact, in 1985 and 
1986, following almost 20 years of above-
average precipitation and below-average 
evaporation, all lakes except Lake Ontario 
reached their highest levels in the 20th 
century. In combination with high water 
levels, storm activity caused severe flooding, 
erosion of shorelines, and extensive damage 
to lakeshore properties. In response to the 
issue of fluctuating water levels in the Great 
Lakes-St. Lawrence system and the wide-

spread public concern over the risk of costly 
damage, the Canadian and US governments 
requested the IJC to carry out an investigation 
and make appropriate recommendations. 
The IJC created the Levels Reference Study 
Board which eventually released its final report 
on March 31, 1993. To alleviate the adverse 
consequences of fluctuating water levels, the 
Board recommended a combination of actions 
related to land-use regulatory practices and 
that no further consideration be given to 
the regulation of water levels via hydraulic 
structures (Levels Reference Study Board, 
1993; Rajabi et al., 2001; Yin et al., 1999).

Canada is the second-largest producer of 
hydroelectricity in the world (behind China), 
producing 13% of global hydroelectricity 
(International Energy Agency, 2008). 

Hydroelectricity accounts for about 60% of 
Canada’s overall electricity production and 
97% of its renewable energy generation 
(Government of Canada, 2009). In Quebec, 
over 95% of the electricity distributed by 
Hydro-Québec, the province’s leading 
electricity provider, is hydroelectric (Hydro-
Québec, 2009). Canada is currently “a world 
leader in hydropower production, with an 
installed capacity of over 70,858 megawatts 
(MW), and an annual average production 
of 350 terawatt-hour (TWh)” (Government 
of Canada, 2009). Canada has the greatest 
hydroelectric capacity in the world (Canadian 
Geographic, 2010b). Its current hydroelectric 
production has the potential of being more 
than doubled (Government of Canada, 
2009). Canada is the largest supplier of 

4.6 Hydroelectricity in Quebec: the 
James Bay Project and Churchill Falls
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acquired insider information that CFLCo was 
on the verge of bankruptcy. Hydro-Québec 
exploited this knowledge by changing the 
terms of the deal such that it would purchase 
power from CFLCo at an extremely low 
cost and the expiry of the contract was 
extended from 2016 to 2040. Quebec has 
subsequently made windfall profits from 
selling this power to the US, while NL has 
accrued comparatively meagre profits. The 
contract has been challenged in court twice 
by the NL government, but the courts have 
upheld it each time (Montreal Gazette, 2005). 
The creation of a new station, the Lower 
Churchill Falls Project, has been planned and 
proposals for its construction are currently 
being reviewed (Nalcor Energy, 2010b).

Canada has often failed to take full advantage 
of its natural resources from economic, 
environmental and societal perspectives. 
For example, much of Canada’s forestry 
resources are shipped to other countries 
as unprocessed logs or raw lumber and 
significant amounts of the oil recovered from 
the oil sands (Section 4.3) are not being refined 
in Alberta or elsewhere in Canada. There are 
thus very limited value-added components to 
these resources, resulting in massive losses 
in jobs and profits. Furthermore, Canada is 
particularly vulnerable to losing control of its 
valuable fresh water resources and potentially 
suffering extensive ecological damage. As 
noted in Section 3.5, contrary to the claims 
of the former Progressive Conservative 
government which negotiated the North 
America Free Trade Agreement (NAFTA), 
Canadian freshwater is not protected under 
NAFTA (Nikiforuk, 2007). 

4.7 Threat of Water Exports

Private companies, both within and outside 
of Canada, would like to export Canadian 
water in bulk quantities in order to make 
large profits for themselves. In 1998, the 
province of Ontario issued a permit to Nova 
Group Ltd. of Sault St. Marie for the export 
by tanker from Lake Superior of 4 to 6 million 
m3 of water per year. 

The federal government announced its 
opposition to the permit and under public 
pressure the Ontario Ministry of the 
Environment cancelled Nova’s permit. In 
February 1999, the federal government 
launched a strategy consisting of three 
components to prohibit the bulk removal 
of water from Canadian watersheds. The 
first is the establishment of a Canada-wide 
accord with all of the provinces banning 
bulk water removal in which each province 
creates legislation to meet this goal. Within 
the second component, Canada put forward 
a joint reference with the United States to 
the International Joint Commission (IJC) to 
investigate the effects of water consumption, 
diversion and removal, including for export 
from boundary waters. Subsequently, in 
February 2000, the IJC submitted its final 
report entitled “Protection of the Waters of 
the Great Lakes”, in which it recommended 
a precautionary approach (SEHN, 1998) 
whereby water removal not be authorized 
unless it can be shown that such removals will 
not adversely affect the integrity of the Great 
Lakes ecosystem. 

Finally, in the third component of its strategy, 
the federal government amended the 1909 
International Boundary Water Treaty Act by 
provisions that give the Minister of Foreign 
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exploitation by large corporations at the 
expense of individual American and Canadian 
citizens living in the Great Lakes – St. 
Lawrence basin, as well as the environment. 
However, this may not be the case. As 
explained in detail by Hipel et al. (2008) 
and references contained therein, although 
a private company, McCurdy Enterprises, 
eventually failed to obtain permission to 
export water in bulk quantities from Lake 
Gisborne in Newfoundland, they predict that 
if the price of water rises to a sufficiently high 
level, a future government of Newfoundland 
and Labrador may permit the exportation of 
freshwater in large quantities.

Because of NAFTA rules, if a commodity, 
such as water, is exported once, it can be 
exported in the future from anywhere in 
Canada, including the Great Lakes which are 
supposedly protected by other international 
agreements coupled with corresponding 
state and provincial laws.

Ironically, given the dispute about potential 
water exports from Lake Gisborne in 
Newfoundland, one of the authors observed 
bottled water from Lake Eugenia, north of 
Toronto, on sale in supermarkets in St John’s 
in 2007. Bottled water has made for an 
enormously profitable industry, but makes 
no economic or scientific sense, especially 
given the fact that the per-litre retail cost 
of the water may be up to 3,000 times that 
of standard municipal tap water available 
from the faucets in the stores where the 
bottled water is sold. As is discussed further 
in Section 5.4, bottled water is a means by 
which water is already being exported out 
of Canada.

Virtual water represents another way in which 
vast quantities of water are currently being 
diverted out of Canada. Virtual water refers to 
the water required in the production of a good 
or service. For instance, the global average 
for the amount of water required to produce a 
cup of coffee is 140 L and the amount for 1 kg 
of beef is 16,000 L (Water Footprint Network, 
2008). In fact, “seventy times more water is 
used in the production of the world’s food 
supply than is directly consumed as ‘water’ by 
the world’s householders” (Horbulyk, 2007). 
When products are exported from a country, 
all of the water that is “embedded” in those 
products is effectively exported out of the 
country. Canada is surpassed only by the US 
in the total amount of virtual water it exports 
(2003 International Year of Freshwater, 2003) 
through the export of such products as 
cereal crops, livestock and oil-bearing crops 
(Chapagain et al., 2005).

A range of challenging water problems that are 
not mainly connected to one region but occur 
across Canada are put forward in this section. 
As explained in Section 5.1, groundwater 
resources are being utilized for drinking water, 
agricultural, industrial and commercial purposes 
in all of Canada’s political jurisdictions. In many 
cases, groundwater tables are dropping where 
the underground water reserves are over-
exploited and aquifers are being polluted 
as a result human-induced reasons such as 
brownfields, which are created by the pollution 
of land from industrial activities as discussed 
in Section 5.3. Both ground and surface 
water, as well as the atmosphere, are being 
contaminated by what are called Contaminants 

5. Water Problems Occurring 
in many Regions in Canada
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Category
Representative Sub-

Category or Materials
Some Characteristics

Microbiological

Antibiotic resistant

Prions

Microcystins

Resistant to one or more antibiotics

Misfolded protein molecules

Natural and pollution driven growth of cyanobacteria
Organic Chemicals 

Society Targeted

Pharmaceuticals
Many classes of chemicals used by the medical profession 

to reduce health problems

Phyto-estrogens

Hormones Human and Animal

Pesticides A wide variety of chemicals used to kill selected or groups 

of living things

Personal Care Products Sunscreens, soaps, cleaning compounds

Fire Retardants Coatings, Sprays

Industry Targeted

Surfactants Reduce gas-liquid mass transfer

Solvents Dissolve many materials

Inorganic Chemicals

Personal Care Products Make-ups, cleaning compounds

Gas Propellants Aerosols and vapor transport from pressurized containers

Hydrogen sulfide

Ammonia

Toxic effects, oxidizes to H2SO4 

Physical Parameters Particles - Air PM10, PM2.5, lung penetration

Particles - Water Total Suspended Solids, reflection, refraction, adsorption, 

entrapment of CECs

Radiation	 Ultraviolet light Reactions in cellular materials which may lead to changes 

in actions

All aspects of municipal, industrial and 
natural activities can release CECs into the 
environment. It is relevant to recognize that 

Sources of CECs.

gas, liquid and solid phases of material can 
contain CECs. The transfer of a contaminant 
from one phase to another results in quality 
changes but does not reduce the contaminant 
load on the environment.  The obvious 
example of this is volatilization or mass 
transfer from a liquid to a gas or vice versa. 

Table 1. General Categories of Contaminants of Emerging Concern

of CECs as well as some representative 
characteristics.

CANADA





179

program is required. First, there must be 
legislation and the related regulations with 
enforcement support to prevent production 
where possible, reduce discharge, and 
educate people with respect to proper 
handling procedures.

Control of CECs requires at least three 
simultaneous types of actions: a) stop the 
creation of CECs; b) control the disposal 
of CECs, and c) destroy or change them 
into non-dangerous materials. All three 
approaches require very important action 
at the government level – the enactment of 
legislation and regulations to empower each 
type of enforcement.

The Environmental Protection Agency 
defines brownfield sites as “real property, the 
expansion, redevelopment, or reuse of which 
may be complicated by the presence or 
potential presence of a hazardous substance, 
pollutant, or contaminant” (US EPA, 2005). 
In Canada, the National Roundtable on the 
Environment and the Economy (NRTEE, 
2003) states that “Brownfields are the legacy 
of a century of industrialization − they are 
abandoned, idle or underutilized commercial 
or industrial properties where past actions have 
caused known or suspected environmental 
contamination, but where there is an active 
potential for redevelopment”. In fact, 
brownfields exist in very large numbers and 
pose serious environmental and health risks 
in industrialized countries around the world. 

For instance, the United States is thought 
to contain between 500,000 and 1,000,000 
brownfield locations while Germany about 

5.3 Brownfields

362,000 (NRTEE, 2003). Canada may possess 
up to 30,000 brownfields, including the sites of 
almost-forgotten industrial enterprises such as 
coal gasification plants, locations where toxic 
substances were used or stored, and former 
gas stations and mining operations (De Sousa, 
2001). Brownfields currently being created on a 
large scale include the oil sands development in 
Canada (Section 4.3) and the rapidly expanding 
industrial sites in China and India for which 
massive economic growth is of paramount 
importance at the expense of extensive 
environmental degradation. By definition, 
brownfields almost always result in the 
contamination of ground and/or surface water 
resources, and sometimes the atmosphere.

Brownfield redevelopment consists of two 
main stages: remediation of the contaminated 
land and subsequent utilization of the site 
for a range of development purposes such 
as the building of commercial, educational 
and residential facilities. Fortunately, the 
restoration of brownfield sites furnishes a 
variety of economic, social, and environmental 
benefits to stakeholders (NRTEE, 2003). 
From an economic perspective, brownfield 
redevelopment has a total output multiplier 
of 3.8 (NRTEE, 2003) and provides economic 
benefits which include the development 
of exportable restoration technologies, 
provision of an expanded tax base for all levels 
of government, and creation of employment 
opportunities. From a social viewpoint, 
brownfield restoration can enhance quality of 
life, eliminate health threats, and furnish land 
for affordable housing. Finally, environmental 
benefits of brownfield restoration include 
restoration of environmental quality, 
prevention of the further contamination 
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than 1 million km2 in the previous two decades 
(Simpson, 2010). In fact, the Canadian Arctic 
experienced its lowest recorded summer ice 
extent in 2010 (McCarthy, 2010). The ice cover 
is also thinning (NRCan, 2007). The opening of 
the Arctic sea will allow greater opportunities 
for shipping and tourism, but will disrupt the 
ecology of the region (Canadian Geographic, 
2010a). Furthermore, as warming causes Arctic 
permafrost to melt, drinking water and sewage 
lines will become ruptured (NRCan, 2007). 
Another result of permafrost degradation that 
is already being experienced is the loss of vast 
areas of boreal forest, the importance of which 
was discussed in Section 4.3. 

Another consequence of climate change is 
the increased frequency of high-intensity 
precipation which can wash nutrients, toxins 
and pathogens into water bodies as well as 
cause flash floods in small watersheds and 
urban areas. In Atlantic Canada, an increase 
in the number and intensity of storms, in 
combination with elevated sea levels, is 
expected to cause flooding and erosion 
along coastal areas and rivers (Richardson, 
2010; Bruce et al., 2000), which may lead 
to the spread of waterborne pathogens and 
saltwater intrusion into groundwater aquifers 
(NRCan, 2007). Moreover, the loss of ice cover 
may make coastal regions more susceptible 
to erosion (Canadian Geographic, 2010a). 

Riverine flooding due to increased precipitation 
and loss of ice is also a major concern for 
Quebec. This may result in sewer overflows, 
which can contaminate municipal water supply 
systems (Bruce et al., 2000). As discussed in 
Section 4.6, hydroelectricity is the dominant 
form of electrical power in Quebec. Quebec’s 

hydroelectric generation stands to either 
benefit or suffer from climate change. 
Additional water in northern Quebec and in 
Labrador may boost the electrical generation 
of the James Bay Project and the Churchill 
Falls Station, respectively, but these gains 
may be offset on account of the lower flow 
of the St. Lawrence River, which would affect 
the Beauharnois and the Les Cèdres power 
plants dependent on this source (Bruce et al., 
2000). The lowering of the water levels of the 
St. Lawrence would also impact navigation, 
marinas, municipal water supplies, wetlands 
and fisheries (Tar Sands Watch, 2008). 

The water levels of the Great Lakes (Section 
4.5), which are surrounded by 40 million 
people, have been predicted to decrease 
by 24% in the event of a 2 to 4% increase 
in temperature (Tar Sands Watch, 2008), 
although a recent study by the IJC found that 
there may be a more modest drop in water 
levels (Kart, 2010). Moreover, historical data 
show significant fluctuations in lake levels 
over decadal periods, indicating that natural 
regional climate oscillations are also likely an 
important factor in environmental change 
(Fisheries and Oceans Canada, 2007). 

A significant reduction in water levels would 
place stresses on navigation, municipal water 
supplies, hydroelectric generation, recreation 
and ecosystems (NRCan, 2007). Furthermore, 
the combined effects of reduced water levels 
and increased demand in the Great Lakes, as 
well as in other regions throughout southern 
Canada, by 2050 will “evoke conflicts among 
water users and place strains on boundary and 
transboundary water agreements” (Canadian 
Geographic, 2010a). A reduction in water 
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quantity also entails a reduction in water 
quality, as pollutants will be more concentrated 
and settled (NRCan, 2007). Additionally, 
Great Lakes ice cover has shown a declining 
trend over the past thirty years, which causes 
greater evaporation and thus lower lake levels 
and also has other economic and ecological 
implications (International Upper Great Lakes 
Study, 2009; Wang et al., 2009).

Climate change issues affecting the Prairie 
Provinces have been discussed in Sections 
4.1 and 4.2. Land at risk of desertification 
in the Prairies is expected to increase by 
50% by 2050 and the frequency of droughts 
lasting four to six months could double 
(Canadian Geographic, 2010a). On the other 
hand, there is the prospect that arable land 
will expand northward (Bruce et al., 2000).  
Similar to the Atlantic Provinces, British 
Columbia faces the threat of more frequent 
high-intensity rains and coastal and riverine 
flooding, potentially leading to waterborne 
health effects and saltwater intrusions into 
water supplies (Richardson, 2010; NRCan, 
2007). River flows will become lower in 
southern British Columbia, placing strains on 
agriculture and municipal water supplies, but 
somewhat greater flows are expected in the 
north (Bruce et al., 2000).

In light of the impending drastic changes to 
Canada brought about by climate change, 
Bruce et al. (2000) urge the country’s leaders 
to act now to prepare for this inevitability, as 
it may be much more costly and less effective 
to react to the challenges as they arise 
at the last moment rather than preparing 
beforehand and the necessary adaptations 
for dealing with climate change are also 

needed for improving Canada’s present 
situation. They recommend the following 
courses of action for adapting to climate 
change: creating a national strategy for water 
resources and climate change; establishing 
a mechanism for inter-agency coordination 
at the federal level, as well as a mechanism 
for federal-provincial and multi-stakeholder 
coordination, to facilitate the development 
and implementation of the strategy; 
implementing further research to guide 
the strategy; enlisting the collaboration of 
existing agencies in developing the strategy; 
and organizing a national conference on 
water resources and climate change to 
raise awareness and set the agenda for the 
strategy. The National Research Council of 
the National Academy of Sciences (2010a, b, 
c, d) has likewise put forward national climate 
strategies for the US.

There has been some degree of progress 
amongst Canada’s politicians in taking 
steps towards addressing the effects of 
climate change. For instance, progress 
was made during the 2010 meeting of the 
premiers of the provinces and territories 
in Western and Northern Canada at the 
annual Western Premiers’ Conference on 
June 15th and 16th. During the first day of 
the conference, the leaders discussed the 
significance of climate change and its impact 
on water resources, agreeing to a Water 
Charter making protection of this resource 
a priority (Crawford, 2010). However, 
Maude Barlow, National Chairperson of the 
Council of Canadians, is of the persuasion 
shared by many others, that political leaders 
cannot be counted on to carry out the 
substantial undertakings that are necessary 
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efficiently and to facilitate more sustainable 
municipal water planning (Business Wire, 
2010). In many parts of the country, good 
water governance exists at the basin level. 
For instance, as pointed out in Section 3.9, 
under the Quebec Water Policy adopted in 
November 2002, basin organizations were 
established for 33 major watercourses to 
promote sustainable development via an 
integrated water resources management 
approach. As noted in Sections 3.3 and 
4.5, Canada and the United States have 
cooperated in better managing the valuable 
water resources of the Great Lakes through the 
Boundary Water Treaty of 1909 and extensions 
thereof. Nonetheless, much remains to be 
done to enhance water governance within 
Canada and internationally, especially with 
the United States. 

The world is currently experiencing a 
range of highly interconnected crises. In 
the midst of the worst recession since the 
Great Depression of the 1930s, climate 
change, overpopulation, overconsumption 
and other associated factors, are putting 
enormous pressure on the availability of 
freshwater supplies to meet human needs 
in a sustainable manner (Brown, 2011). 
By altering climate, FIG. 3 shows how 
the water cycle can be adversely affected 
by greenhouse gas emissions. However, 
difficult times provide fertile soil for 
growing rich crops of real and meaningful 
change. In the next section, the solid 
foundations upon which effective water 
governance can be based are described. In 
particular, a system thinking methodology 
for water governance is proposed in which 
an integrative and adaptive approach 

is employed within an overall system of 
systems framework. Subsequently, within 
the realm of a system of systems philosophy, 
specific recommendations are formulated in 
Section 6.3 for enhancing water governance 
at all levels of government within Canada as 
well as in the international arena. 

The world in which we live consists of complex 
highly interconnected systems of systems (SoS). 
Examples of societal SoS include economical, 
political, agricultural, industrial, infrastructure, 
and urban SoS. Illustrations of environmental 
SoS are hydrological (FIG. 3), atmospheric, 
botanical, zoological, ecological and geological 
SoS. In fact, most of today’s pressing large-scale 
problems facing humanity, such as scarcity of 
freshwater, global warming, energy shortages, 
overpopulation, widespread pollution, the 
food crisis and economic disparities, can best 
be envisioned and understood as complex 
adaptive systems problems which are tightly 
interconnected and thereby affect one another 
in synergetic and often unexpected ways, 
referred to as emergent properties (Homer-
Dixon, 2006; Hipel and Fang, 2005; Hipel et al., 
2008b, 2009). 

For instance, global warming can cause 
climate change which may create water 
shortages, which in turn adversely affect the 
economy and people’s welfare via decreased 
agricultural and industrial productivity. 
Accordingly, water governance within Canada 
and abroad must be founded upon the basic 
paradigm of SoS thinking in order to meet 
key systems principles such as resilience, 
sustainability and fairness (Hipel et al., 2008a, 

6.2 Systems Thinking in 
Water Governance
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many of the authors of papers listed in the 
reference section, such as Bruce and Mitchell 
(1995) and de Loë (2009), as well as most of 
the organizations whose websites are given 
in Section 7.1, have proposed a rich range of 
water policy recommendations. As would be 
expected, many of these suggestions overlap 
with those given below.

Recommendation 1. Systems Philosophy: All 
levels of government in Canada should adopt 
an adaptive, integrative and participatory 
approach to water governance within the 
framework of the paradigm of a system of 
systems as the foundation upon which they 
will improve and expand water governance 
which includes policy, laws, agreements, 
compliance, institutions and management. 

As noted in Section 3.2, the Federal Water 
Policy was tabled in 1987. To overcome the 
drawback inherent in this policy as well as the 
realities of changes that have taken place since 
1987, the next recommendation is proposed. 

Recommendation 2. National Water Policy: 
In consultation with all levels of government 
and key stakeholders, Canada should develop 
a comprehensive national water policy that 
reflects the values of Canadians and is in 
consonance with the legislative power of 
all levels of government and follows the 
philosophy of Recommendation 1. 

Comments: Various Canadian organizations 
have put forward this recommendation, 
including Pollution Probe (2007), Pugwash 
(2008), Gordon Water Group (2008) and the 

6.3.1 Water Governance Enhancements 
within Canada

Canadian Water Resources Association (CWRA) 
(de Loë, 2008). An overarching water strategy 
would provide numerous benefits to Canada, 
such as increased effectiveness, efficiency 
and consistency in water management and 
responses to national water concerns, and 
would be in line with the path taken by other 
jurisdictions, such as Brazil, Australia, South 
Africa and the European Union (de Loë, 
2008). The establishment of a national water 
policy need not entail the oversight of a large, 
centralized bureaucracy, but should rather 
be integrated within existing structures and 
should be applied strategically to only those 
areas in which Canada would stand to benefit 
from joint actions of the various jurisdictions 
throughout the country (de Loë, 2009).

Recommendation 3. Governance Structures: 
Develop policy and other associated 
governance structures for fairly and effectively 
sharing water among competing users within 
a water basin. 

Comments: Fairness in water governance is of 
high importance in regions of Canada where 
droughts and associated water shortages 
occur such as in the Prairie Provinces, as 
discussed in Section 4.2. Some systems 
approaches have been developed for 
addressing the perplexing problem of fair 
allocation of resources. In particular, based 
on concepts from hydrology, economics and 
cooperative game theory, Wang et al. (2008) 
developed the Cooperative Water Allocation 
Model (CWAM) within the framework of a 
large-scale optimization program for equitably 
allocating water following two main steps. 
Firstly, water is allocated among users based 
on existing legal water rights regimes or 
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Griesback, 2009; Bowman et al., 2009,  website 
of the Canadian Academy of Engineering 
listed in Section 7). Under the Trottier Energy 
Futures Project (sponsored by the Trottier 
Family Foundation), the Canadian Academy of 
Engineering and the David Suzuki Foundation 
are jointly investigating energy challenges for 
Canada in the 21st century in terms of supply, 
environmental sustainability, climate change 
and economics (websites for the Canadian 
Academy of Engineering and the Trottier 
Energy Futures Project listed in Section 7.1). In 
2003, the Royal Society of Canada held a one-
day symposium entitled “Energy, Environment 
and Society: Making Choices” under the 
leadership of A. Miall. Progress on energy 
research and implementation of technologies 
across Canada has been tabulated by the 
Canadian Academy of Engineering (Bowman 
and Albion, 2009). 

Recommendation 8. Responsible International 
Economic Agreement: Canada should 
negotiate an international economic agreement 
that prioritizes the maintenance of a healthy 
environment, societal well-being and the rights 
of individuals within a sustainable development 
structure and adhering to the systems principles 
of Recommendation 1 of Section 6.3.1.

Comments: This comprehensive agreement 
may consist of radically revised WTO and 
NAFTA agreements or a completely new 
encompassing agreement (Section 3.5).

Recommendation 9. Greenhouse Gas Emissions 
Agreement: Canada should immediately 
negotiate a meaningful greenhouse gas 

6.3.2 Water Governance Improvements 
at the International Level

agreement with all the nations of the world to 
dramatically reduce greenhouse gas releases. 
However, this should be done within the 
context of an integrative agreement on the 
control and management of air pollution in 
general based on a sound systems philosophy 
(Recommendation 1 and Section 6.2). 

Comments: These negotiations may constitute 
a continuation of the Copenhagen process or 
a fresh track of negotiations. The resulting 
treaty would help to maintain the integrity of 
the hydrological cycle in Figure FIG. 3. The 
terms of the treaty should be based upon solid 
systems principles. As pointed out by Hansen 
(2009), for example, a range of “climate 
forcings” created by human activities can 
increase the global temperature, while others 
can lower atmospheric temperatures. 

Accordingly, an innovative treaty can cleverly 
manage these forcings brought about by 
industrial, agricultural and other human 
enterprises to reduce temperature. For 
instance, in the short term, the treaty could 
cut back on the release of black soot, methane 
and ozone close to ground level to lessen 
temperature in order to allow more time for 
carbon dioxide releases to be cut back over 
time. Moreover, the reduction of air pollutants 
that cause temperature to decrease via 
reflective aerosols and aerosol cloud changes 
could be curtailed until temperature-increasing 
air pollutants are brought under control. 

Additionally, because this air pollution treaty 
would be integrative and adaptive, appropriate 
measures could be taken over time as dictated 
by scientific evidence and in response to 
unexpected emergent behaviour of the 

CANADA





193

5.	 Canadian Water Network (CWN), http://
www.cwn-rce.ca/ 

6.	 Canadian Water Resources Association 
(CWRA), http://www.cwra.org/  

7.	 Centre for International Governance 
Innovation (CIGI), http://www.cigionline.
org/

8.	 Conflict Analysis Group, http://www.
systems.uwaterloo.ca/Research/CAG/

9.	 Council of Canadians, http://www.
canadians.org/

10.	 Council of Canadian Academies, http://
www.scienceadvice.ca/en.aspx 

11.	 David Suzuki Foundation, http://www.
davidsuzuki.org/

12.	 Environment Canada, http://www.ec.gc.ca/
13.	 Forum for Leadership on Water (FLOW), 

http://www.flowcanada.org/ 
14.	 Geological Survey of Canada (GSC), 

http://gsc.nrcan.gc.ca/index_e.php 
15.	 Global Water Partnership (GWP), http://

www.gwpforum.org/
16.	 Gordon Water Group, http://www.

gordonwatergroup.ca/ 
17.	 International Joint Commission (IJC), 

http://www.ijc.org/
18.	 International Network of Basin 

Organizations (INBO), http://inbonews.org/
19.	 National Round Table on the 

Environment and the Economy, http://
www.nrtee-trnee.com/ 

20.	 Natural Resources Canada (NRCan), 
http://www.nrcan.gc.ca/com/index-eng.
php 

21.	 One Drop Foundation, http://www.
onedrop.org/en.aspx 

22.	 Pembina Institute, http://www.pembina.org/
23.	 Pollution Probe, 
      http://www.pollutionprobe.org/ 
24.	 Program on Water Issues (POWI), Munk 

School of Global Affairs, http://powi.ca/ 
25.	 Pugwash, http://www.pugwash.org/
26.	 RBC Bluewater Project, http://bluewater.

rbc.com/ 
27.	 Rosenberg International Forum on Water 

Policy, http://rosenberg.ucanr.org/  
28.	 Royal Society of Canada, http://www.rsc.ca/ 
29.	 Trottier Energy Futures Project (Projet 

Trottier pour l’Avenir Énergétique), 
http://www.trottierenergyfutures.ca/ 

30.	 Walter & Duncan Gordon Foundation, 
http://www.wdgf.ca/ 

31.	 Water Institute, University of Waterloo, 
http://water.uwaterloo.ca/ 

1.	 2003 International Year of Freshwater, 
“`Virtual Water,” 2003. Available at http://
www.wateryear2003.org/en/ev.php-URL_
ID=5868&URL_DO=DO_TOPIC&URL_
SECTION=201.html. Accessed on 
September 26, 2010.

2.	 Academic dictionaries and encyclopedias, 
“James Bay Project.” Available at http://
en.academic.ru/dic.nsf/enwiki/405323. 
Accessed on October 24, 2010.

3.	 Alberta Environment, “Specified 
Gas Reporting Regulation: Alberta 
Environment Report on 2007 Greenhouse 
Gas Emission,” Edmonton, Alberta, 2008.

4.	 Alberta Environment. “Towards 
Environmental sustainability, Proposed 
Regulatory Framework for Managing 
Environmental Cumulative Effects.” 
Government of Alberta, 21 pp., 2007.

5.	 American Water Resources Association 
(AWRA), “Adaptive Management of 
Water Resources,” Water Resources 
Impact, Vol. 8, No. 3, May 2006.

6.	 American Water Resources Association 

8. References

CANADA



194

(AWRA), “American Water Resources 
Association Summer Specialty 
Conference 2009: Adaptive Management 
of Water Resources II,” proceedings of 
a meeting held 29 June - 1 July 2009, 
Snowbird, Utah, Curran Associates, Inc., 
October 2009.

7.	 Andersen, S. R., “Effects of waste-water 
treatment on the species composition and 
antibiotic-resistance of coliform bacteria. 
Current Microbiology,” Vol. 26, No. 2, pp. 
97-103, 1993.

8.	 Armin, M., “Energy Strategies of the 
Canadian Province of Ontario,” Master’s 
Thesis, University of Waterloo, Waterloo, 
Canada, 2010.

9.	 Bakker, K., “Commons or Commodity? 
The Debate over Private Sector 
Involvement in Water Supply,” in Bakker, 
K. (Editor), “Eau Canada: The Future of 
Canada’s Water”, University of British 
Columbia Press, Vancouver, British 
Columbia, Canada, 2007.

10.	 Barlow, M., “Blue Covenant: The Global 
Waters Crisis and the Coming Battle for 
the Right to Water,” McClelland and 
Stewart, Toronto, Ontario, Canada, 2007.

11.	 Barlow, M., “What You Don’t Know About 
a Deal You Haven’t Heard Of,” The Globe 
and Mail, January 6, 2011.

12.	 Barlow, M. and Clarke, T., “Blue Gold: 
The Battle Against Corporate Theft of 
the World’s Water,” Stoddart, Toronto, 
Ontario, Canada, 2002.

13.	 Bell, J. B., Elliott, G. E. and Smith, D. 
W., “Influence of sewage treatment and 
urbanization on selection of multiple 
resistance in fecal coliform populations,” 
Applied and Environmental Microbiology, 
Vol. 46, No. 1, 227-232, 1983.

14.	 Bernath Walker, S., Boutilier, T., and Hipel, 
K.W., “Systems Management Study of a 
Private Brownfield Renovation”, Journal 
of Urban Planning and Development, 
published online on August 13, 
2010, DOI: 10.1061/(ASCE)0733-
9488(2010)136:3(249), Vol. 136, No. 3,  
pp. 249-260, 2010.

15.	 Blackstock, J.J., and Long, J.C.S., “The 
Politics of Geoengineering,” Science, Vol. 
327, January 29, 2010.

16.	 Bowman, C.W. and Albion, K.J., “Report 
on Canada’s Energy Progress: 2007-
2009,” prepared for the Canadian 
Academy of Engineering, 2009.

17.	 Bowman, C.W. and Griesbach, R.C., 
“Energy Pathways Task Force, Phase 
1 - Final Report”. Canadian Academy of 
Engineering, Ottawa, Ontario, Canada, 
2009. Available at www.acad-eng-gen.ca. 
Accessed on October 16, 2010.

18.	 Bowman, C.W., Marceau, R.J., and  
Griesbach, R.C., “Report of the Canada 
Power Grid Task Force”, Canadian 
Academy of Engineering, Ottawa, 
Ontario, Canada, 2009. Available at www.
acad-eng-gen.ca. Accessed on October 
16, 2010.

19.	 Boyd, D.R., “Water: Water Consumption,” 
Canada vs. The OECD: An Environmental 
Comparison, 2001. Available at http://
www.environmentalindicators.com/
htdocs/indicators/6wate.htm. Accessed 
on October 16, 2010.

20.	 Braun, D., “Boreal Forest Protection 
Critical to Survival as Climate Changes,” 
National Geographic, November 
12, 2009. Available at http://blogs.
nationalgeographic.com/blogs/news/
chiefeditor/2009/11/boreal-forest-

CANADA





196

33.	 Canadian Association of Petroleum 
Producers (CAPP), “Oil Sands,” 2011. 
Available at http://www.capp.ca/
CANADAINDUSTRY/OILSANDS/Pages/
default.aspx#K935U5sGnr9M. Accessed 
on May 5, 2011.

34.	 Canadian Council of Ministers of the 
Environment (CCME). Canada-wide 
Strategy for the Management of 
Municipal Wastewater Effluent. Ottawa, 
Ontario, 18 pp., 2009.

35.	Canadian Council of Ministers of the 
Environment (CCME), “Glaciers,” 
CCME Publications. Available at http://
www.ccme.ca/assets/pdf/cc_ind_
nature_glaciers_e.pdf. Accessed on 
August 26, 2010.

36.	 Canadian Encyclopedia, “James Bay 
Project,” Historica-Dominion Institute, 
2010. Available at http://www.
thecanadianencyclopedia.com/index.cfm
?PgNm=TCE&Params=A1ARTA0004099. 
Accessed on September 22, 2010.

37.	 Canadian Geographic, “Climate 
Prosperity Diagram,” Degrees of 
Change, created by the Royal Canadian 
Geographical Society and National 
Roundtable on the Environment and 
the Economy, 2010a. Available at 
http://www.canadiangeographic.ca/
climate-prosperity/degrees_of_change/
CanGeoClimateChange_EN.html. 
Accessed on October 21, 2010.

38.	 Canadian Geographic, “James Bay,” Just 
the Facts, 2010b. Available at http://www.
canadiangeographic.ca/magazine/nd05/
indepth/justthefacts.asp. Accessed on 
October 24, 2010.

39.	 Canadian Union of Public Employees, and 
Council of Canadians, “Public Water for 

Sale: How Canada will privatize our public 
water systems,” A report to provincial, 
territorial and municipal governments 
regarding the Canada-European Union 
Comprehensive Economic and Trade 
Agreement, December 2010. Available at 
http://canadians.org/trade/documents/
CETA/water-report-1210.pdf. Accessed 
on January 8, 2011.

40.	 Canadian Water Issues Council, “A Model 
Act for Preserving Canada’s Waters,” 
Munk Centre for International Studies, 
University of Toronto, February 2008. 
Available at http://www.powi.ca/pdfs/
events/20080602-T49781-Briefing_
EN.pdf.  Accessed on February 5, 2011.

41.	 Carlson, M., Wells, J., and Roberts, D., 
“The Carbon the World Forgot,” Boreal 
Songbird Initiative, 2009. Available at 
http://www.borealbirds.org/resources/
carbon/report-full.pdf. Accessed on 
November 1, 2010.

42.	 CBC Ideas, “Speaking Truth to Power, 
Part 2,” audio of proceedings of the 
Fresh Water Summit, held in Bracebridge, 
Ontario, Canada on June 1-2, 2010, aired 
June 24-25, 2010. Available at http://
www.cbc.ca/ideas/episodes/2010/06/24/
speaking-truth-to-power-part-1-2/. 
Accessed on October 24, 2010.

43.	 CBC Manitoba, “Manitoba Flood 2011,” 
2011. Available at http://www.cbc.ca/
manitoba/features/flood2011/. Accessed 
on May 1, 2011.

44.	 CBC News, “Bottled Water: Quenching a 
planet’s thirst,” August 20, 2008. Available 
at http://www.cbc.ca/news/background/
consumers/bottled-water.html. Accessed 
on October 2, 2010.

45.	 CBC News, “Devils Lake Reaction 

CANADA





198

Prepared for the Canadian Water 
Resources Association, Rob de Loë 
Consulting Services, Guelph, Ontario, 
2008. Available at http://www.cwra.
org/resource/assets/CNWS_Report_
Final_2008_06_18.pdf. Accessed on 
November 8, 2010.

60.	 de Loë, R.C., “Transboundary Water 
Governance in the Mackenzie River Basin, 
Canada,” Prepared for the 7th Biennial 
Rosenberg International Forum on 
Water Policy, Buenos Aires, Republic of 
Argentina, November 15-17, 2010.

61.	 De Sousa, C., “Contaminated sites: The 
Canadian situation in an international 
context”, Journal of Environmental 
Management, 62, 131–154, 2001.

62.	 De Villiers, M., “Water,” second edition, 
McClelland And Stewart, Toronto, 453 
pp., 2003.

63.	 Dellapenna, J.W., “The Case Against 
Markets,” In U. Shamir (Editor), 
Negotiation Over Water, Proceedings 
of the Haifa Workshop, 1997, IHP–V, 
Technical Documents in Hydrology. 
United Nations Educational, Scientific and 
Cultural Organization (UNESCO), Paris, 
53, pp. 34-48, 2001.

64.	 Division of Ocean Affairs, Law of the 
Sea: Official text of the United Nations 
Convention on the Law of the Sea of 10 
December 1982 and of the agreement 
relating to the implementation of Part XI. 
United Nations Press, New York, 1997.

65.	 Dowdeswell, L., Dillon, P., Ghoshal, S., 
Miall, A., Rasmussen, J., and Smol, J.P., 
“A Foundation for the Future: Building 
an Environmental Monitoring System for 
the Oil Sands,” A report submitted to the 
Minister of Environment, Environment 

Canada, December 2010. Available 
at http://ec.gc.ca/pollution/default.
asp?lang=En&n=E9ABC93B-1. Accessed 
on December 27, 2010.

66.	 Dyer, G., “Climate Wars,” Random House 
Canada, 2008.

67.	 Eagleson, P.S., “Dynamic Hydrology,” 
McGraw-Hill, New York, 1970.

68.	 Edmonton Journal, “Harper to Limit 
Bitumen Exports,” September 27, 
2008. Available at http://www.canada.
com/edmontonjournal/news/story.
html?id=89c1f48e-853f-403a-a117-
6b33b111f360. Accessed on July 15, 2010.

69.	 Eggertson, L., “Investigative report: 1766 
boil-water advisories now in place across 
Canada,” Canadian Medical Association, 
2008. Available at http://www.cmaj.ca/cgi/
content/full/178/10/1261. Accessed on 
January 23, 2011.

70.	 Energy Resources Conservation Board 
(ERCB), “Alberta’s Energy Reserves 2008 
and Supply/Demand Outlook 2009-
2018,” Calgary, Alberta, June 2009. 
Available at http://www.ercb.ca/docs/
products/STs/st98-2009.pdf. Accessed on 
November 2, 2010.

71.	 Environment Canada, “Hydrometric 
Data,” 2010. Available at http://www.wsc.
ec.gc.ca/applications/H2O/index-eng.cfm. 
Accessed on May 4, 2011.

72.	 Environment Canada, “Shared Waters: 
Canada - United States,” 2011. Available 
at http://www.ec.gc.ca/eau-water/default.
asp?lang=en&n=B947BAA8-1#Canada.  
Accessed on February 15, 2011.

73.	 Environment Canada, “Threats to water 
availability in Canada,” National Water 
Research Institute, Burlington, Ontario, 
Canada, NWRI Scientific Assessment 

CANADA

















206

provincesterritories/prairie_provinces/
referencemap_image_view. Accessed on 
October 15, 2010.

169.	 Natural Resources Canada (NRCan), 
“Map of the Red River and the central 
portion of the Red River Valley, 
Manitoba, depicting the limits of the 
1997 flood and places and features 
mentioned in the text,” Geoscientific 
Insights into the Red River and Its 
Flood Problem in Manitoba Geological 
Controls on Red River Flooding, 2008. 
Available at http://gsc.nrcan.gc.ca/
floods/redriver/geological_e.php. 
Accessed on August 22, 2010.

170.	Natural Resources Canada (NRCan), 
“Melting Glaciers”, The Winds of 
Change: Climate Change in Prairie 
Provinces, 2001. Available at http://
adaptation.nrcan.gc.ca/posters/pr/
pr_04_e.php. Accessed on October 21, 
2010.

171.	 National Round Table on the Environment 
and the Economy (NRTEE), “Cleaning up 
the Past, Building the Future: A National 
Brownfield Redevelopment Strategy for 
Canada”, ISBN 1-894737-05-9, Ottawa, 
Canada, 2003.

172.	 Neumann, N. F., Smith, D. W. and 
Belosevic, M., “Waterborne disease: 
An old foe re-emerging?”, Journal of 
Environmental Engineering and Science, 
Vol. 4, No. 3, p. 155, 2005.

173.	 Ng, G. and Felder, M., “Water and the 
Future of the Canadian Economy,” 
The Innovolve Group, 2010. Available 
at http://bluewater.rbc.com/news/
CDN_Water_Report_PDF_English.pdf. 
Accessed on February 2, 2011.

174.	 Nikiforuk, A., “On the Table: 

Water, Energy and North American 
Integration,” prepared on behalf of the 
Program on Water Issues, Munk Centre 
for International Studies, University of 
Toronto, October 16, 2007. Available at 
http://www.powi.ca/pdfs/waterdiversion/
waterdiversion_onthetable_new.pdf. 
Accessed on February 7, 2011.

175.	Nikiforuk, A., “Tar Sands: Dirty Oil and 
the Future of a Continent,” Greystone 
Books, Vancouver, British Columbia, 
2008.

176.	 Noble, B.F., “Applying Adaptive 
Environmental Management,” pp. 
442–466 in B. Mitchell, (Editor), Resource 
and Environmental Management in 
Canada, Oxford University Press, Don 
Mills, Ontario, Canada, 2004.

177.	 Noone, M.S., “The Dilemma of Devils 
Lake Part 1.” The Western Planner, 
Casper, Wyoming, Vol. 25, No. 4, 2004.

178.	 Noone, M.S., “The Dilemma of Devils 
Lake Part 2.” The Western Planner, 
Casper, Wyoming, Vol. 26, No. 2, 2005.

179.	 North Dakota State Government, “Devils 
Lake (Peterson Coulee) Outlet Request 
for Proposal”, 2001. Available at http://
www.gov.mb.ca/waterstewardship/
transboundary/devilslake/rfp.html. 
Accessed on March 8, 2005.

180.	 North Dakota State Water Commission, 
“Devils Lake Flood Facts”, 2010. 
Available at http://www.swc.state.
nd.us/4DLink9/4dcgi/GetContentPDF/
PB-206/DL_Quick_Facts.pdf. Accessed 
on July 20, 2010.

181.	 Obeidi, A., and Hipel, K.W., “Strategic 
and Dilemma Analyses of a Water Export 
Conflict”, INFOR, Vol. 43, No. 3, pp. 247-
270, 2005.

CANADA



207

182.	 Obeidi, A., Hipel, K.W., and Kilgour, 
D.M., “Canadian Bulk Water Exports: 
Analyzing the Sun Belt Conflict using the 
Graph Model for Conflict Resolution”, 
Knowledge, Technology, and Policy, Vol. 
14, No. 4, pp. 145-163, 2002.

183.	 Ontario Ministry of the Environment, 
“Survey of the Occurrence of 
Pharmaceuticals and Other Emerging 
Contaminants in Untreated Source and 
Finished Drinking Water in Ontario 
Ministry of the Environment,” PIBS 
7269e, 2006. Available at

184.	 PIBS 7269e http://www.ene.gov.on.ca/
publications/7269e.pdf. Accessed on 
October 29, 2010.

185.	 Owen, B., and Rabson, M., “Devils Lake 
health threat rising daily”, Winnipeg Free 
Press, 2010. Available at http://www.
winnipegfreepress.com/local/devils-lake-
health-threat-rising-daily-97370884.html. 
Accessed on July 20, 2010.

186.	 Pacific Institute, “Bottled Water and 
Energy: A Fact Sheet,” 2006. Available 
at http://www.pacinst.org/topics/
water_and_sustainability/bottled_water/
bottled_water_and_energy.html. 
Accessed on September 20, 2010.

187.	 Parks Canada, “Reservoirs of the 
Rockies,” Time for Nature, August 18, 
2003. Available at http://www.pc.gc.ca/
canada/pn-tfn/itm2-/2003/au/index_e.
asp. Accessed on October 21, 2010.

188.	 Parrott, J. and Blunt, B., “Life-cycle 
exposure of fathead minnows 
(Pimephales promelas) to an 
ethinylestradiol concentration below 
1 ng/L reduces egg fertilization 
success and demasculinizes males,” 
Environmental Toxicology, Vol. 20, No. 

2, pp. 131-141, 2005. Abstract available 
at http://onlinelibrary.wiley.com/
doi/10.1002/tox.20087/abstract?system
Message=Due+to+scheduled+mainten
ance+access+to+the+Wiley+Online+Lib
rary+may+be+disrupted+as+follows%3
A+Saturday%2C+30+October+-+New+
York+0500+EDT+to+0700+EDT%3B+L
ondon+1000+BST+to+1200+BST%3B+
Singapore+1700+SGT+to+1900+SGT. 
Accessed on October 29, 2010.

189.	Parsons, L., “Ontario Inquiry Finds Tory 
Government Responsible for Walkerton 
Deaths,” World Socialist Web Site, 
August 3, 2002. Available at http://
www.wsws.org/articles/2002/aug2002/
walk-a03.shtml. Accessed on October 
28, 2010.

190.	 Pearse, P.H., “Water Management in 
Canada: The Continuing Search for the 
Federal Role,” Keynote Address at the 
51st Annual Conference of the Canadian 
Water Resources Association, Victoria, 
BC, pp. 10-12, 1998.

191.	 Petroleum Technology Alliance Canada 
(PTAC), “Water Use in Alberta Oil 
Sands,” May 29, 2007. Available 
at http://www.albertacanada.com/
documents/AIS-ENVIRO_oilsands07.pdf. 
Accessed on September 2, 2010.

192.	 Petroleum World, cited in National 
Energy Board, “Canada’s Oil Sands: 
Opportunities and Challenges to 2015,” 
An Energy Market Assessment, May 
2004, p. 109.

193.	 Polaris Institute, “University of Winnipeg 
Bans Bottled Water!”, March 23, 2009. 
Available at http://www.polarisinstitute.
org/university_of_winnipeg_bans_bottled_
water. Accessed on September 26, 2010.

CANADA



208

194.	 Pollution Probe, “Towards a Vision and 
Strategy for Water Management in 
Canada,” 2008. Available at http://www.
pollutionprobe.org/Reports/WPWS%20
Final%20Report%202007.pdf. Accessed 
on January 22, 2011.

195.	 Prebble, P., Coxworth, A., Simieritsch, 
T., Dyer, S. Huot, M., and Walsh, H., 
“Carbon Copy: Preventing Oil Sands 
Fever in Saskatchewan,” Oil Sands Fever 
Series, Pembina Institute, Saskatchewan 
Environmental Society, Canadian Parks 
and Wilderness Society, Drayton Valley, 
Alberta, 2009.

196.	 Prime Minister Stephen Harper, St. 
Petersburg, Russia, 2006 G8 Summit.

197.	 Pugwash, “Freshwater Declaration,” 
Canadian Pugwash and Science for 
Peace, Freshwater Expert Roundtable, 
Global Issues Project, November 8-9, 
2008. Available at http://www.rwsandford.
ca/2009.01.15-freshwater_declaration-EN.
pdf. Accessed on May 1, 2011.

198.	 Rajabi, S., Hipel, K.W., and Kilgour, 
D.M., “Multiple Criteria Screening of 
a Large Water Policy Subset Selection 
Problem,” Journal of the American 
Water Resources Association, Vol. 3, No. 
3, pp. 533-546, June 2001.

199.	 Reisner, M., “Cadillac Desert,” Penguin 
Books, New York, 582 pp., 1993.

200.	 Reuters, “UPDATE 2-Pipe break hits 
U.S., Canada refineries,” July 26, 
2010. Available at http://www.reuters.
com/article/2010/07/27/enbridge-
idUSN2623027120100727. Accessed on 
May 14, 2011.

201.	 Richardson, G.R.A., “Adapting to 
Climate Change: An Introduction for 
Canadian Municipalities,” National 

Resources Canada, Ottawa, ON, 2010. 
Available at http://adaptation.nrcan.
gc.ca/mun/pdf/mun_e.pdf. Accessed on 
April 9, 2011.

202.	Richardson, L., “The Oil Sands: Toward 
Sustainable Development,” Report of 
the Standing Committee on Natural 
Resources, 39th Parliament, 1st session, 
House of Commons, Ottawa, Ontario, 
2007.

203.	 Rinehart, D., “Watergate, How bottled 
water could drink Canada dry,” The 
Hamilton Spectator, March 3, 2007, in 
Polaris Institute. Available at http://www.
polarisinstitute.org/watergate_how_
bottled_water_could_drink_canada_
dry_0. Accessed on September 28, 2010.

204.	 Rutter, N., Coppold, M., and Rokosh, 
D., “Climate change and landscape in 
the Canadian Rocky Mountains”, The 
Burgess Shale Geoscience Foundation, 
Field, British Columbia, 2006.

205.	 Saleth, M.R., “Institutional Response 
as an Adaptation to Water Scarcity,” 
Madras Institute of Development 
Studies, 2010.

206.	 Salmon, S.M.A., “The Helsinki Rules, 
the UN Watercourses Convention 
and the Berlin Rules: Perspectives 
on International Water Law,” Water 
Resources Development, Vol. 23, No. 4, 
pp. 625-640, December 2007. Available 
at http://www.internationalwaterlaw.org/
bibliography/articles/general/Salman-
BerlinRules.pdf. Accessed on December 
8, 2010.

207.	 Sandford, R., “Water, Weather and the 
Mountain West”, Rocky Mountain Books, 
Canada, pp. 88-90, 2007.

208.	 Sandford, R., “Restoring the Flow: 

CANADA







211

235.	 Weston, G., “Flushing Out Local 
Polluters,” QMI Agency, in Toronto Sun, 
March 28, 2010. Available at http://www.
torontosun.com/news/columnists/greg_
weston/2010/03/26/13370351.html. 
Accessed on November 2, 2010.

236.	 Williams, B.K., Szaro, R.C., and Shapiro, 
C.D., “Adaptive Management: The U.S. 
Department of the Interior Technical 
Guide,” US Department of the Interior, 
2007.

237.	 Wingrove, J., “A dire warning from a 
broken pipeline,” The Globe and Mail, 
May 14, 2011.

238.	 Wolf, A.T., “Conflict and Cooperation 
along International Waterways,” Water 
Policy 1, 2 (1998), 251-265, in A. T. Wolf, 
A. T. Elgar (Editors), Conflict Prevention 
and Resolution in Water System. 
Cheltenham, United Kingdom, pp. 185-
199, 2002.

239.	 Wolf, A.T., “Hydropolitics,” Water 
Encyclopedia, 2010. Available at http://
www.waterencyclopedia.com/Hy-La/
Hydropolitics.html. Accessed on 
November 9, 2010.

240.	 Wood, C., “The Last Great Water Fight,” 
The Walrus, pp. 26-36, October 2010. 

241.	 Woynillowicz, D. and Severson-Baker, C., 
“Down to the Last Drop: The Athabasca 
River and the Oil Sands,” Oil Sands Issue 
Paper No.1, Pembina Institute, Calgary, 
Alberta, 2006.

242.	 Yin, Y.Y., Huang, G.H., and Hipel, K.W., 
“Fuzzy Relation Analysis for Multicriteria 
Water Resources Management,” Journal 
of Water Resources Planning and 
Management, Vol. 25, No. 1, pp. 41-47, 
January/February 1999.

9. Acknowledgements
The authors would like to express their 
appreciation to Dr. James Bruce, Ms. 
Adèle Hurley and Mr. Robert Sandford for 
carefully reviewing their paper and providing 
constructive suggestions for improving it. 
The authors are also grateful to Mr. Conrad 
W. Hipel for his expert editing of the 
manuscript, Mr. Qian Wang for his assistance 
in formatting the document, and Mr. Yuan 
(Justin) Liu for help in preparing the figures. 
The Royal Society of Canada kindly covered 
the traveling expenses of K.W. Hipel when he 
participated in meetings of Focal Points of 
the National Water Programmes of the Inter 
American Network of Academies of Science 
(IANAS), held in Bogota, Columbia (2005); 
Santa Domingo, Dominican Republic (2008); 
Managua, Nicaragua (2009); and Buenos 
Aires, Argentina (2010). At each of these 
international meetings, the National Academy 
of Science kindly paid for accommodation 
and living expenses.

CANADA









215

time series of annual flow divided by mean 
annual flow for three representative rivers. 
Panel a) shows normalized flows at the Loa 
river, in the middle of the Atacama Desert. 
The central region is represented faithfully by 
the Maipo River (panel b), which flows from 
the Andes Massif into the fertile central valley. 
Finally, panel c) shows normalized annual flows 
for the Baker River, the largest in Chile. The 
latter shows the least inter-annual variability 
among the rivers shown, with annual flows 
that are always within 50% of the mean. The 
Loa River has a different behavior, somewhat 
stable because of significant groundwater 
seepage to the stream, but also characterized 
for cycles of drought interrupted by wetter 
years. Finally, the Maipo River shows a typical 
behavior for central Chile, with extreme 
variability in annual flow from year to year, 
and with low frequency oscillations.

When computing the water balance 
throughout the country (FIG. 4), the dramatic 
differences across regions become starkly 
apparent. While in the northern third of Chile 
most water is lost to the atmosphere through 
evapotranspiration and evaporation from 
surface water bodies (e.g. Salares, wetlands), 
the central portion of the country displays 
free-flowing rivers that reach the ocean. Here, 
roughly one third of all available resources 
(4,000m3/s) evaporate to the atmosphere, 
while two thirds flow to the Pacific Ocean. 

FIG. 2. Typical Mean Monthly Hydrographs for 
some Chilean Rivers

FIG. 3. Time Series of Annual Flow in Three 
Representative Rivers: a) Loa at Lequena, b) Maipo at 

El Manzano, c) Baker at Bertrand Lake

FIG. 4. Water Balance across three Regions: North, 
Central and Southern Chile
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2.5 Water Quality
Water quality issues in Chile are as diverse 
as water quantity. Many quality problems are 
of human origin, but in a few areas naturally 
occurring constituents associated with 
metalogenic geological deposits (Northern 
Chile) represent, at best a nuisance and at 
worst a threat to human populations and 
economic activity.

The Lluta River is an example of this, where 
naturally occurring Boron affects local agriculture. 
Arsenic is one of the most conspicuous naturally 
occurring water contaminants in Chile. Until 
recently, the Arsenic standard in drinking water 
was 50 μg/l. Currently this limit has been lowered 
to 10 μg/l to match international standards. 
Additionally, high evaporation and increased 
water extractions have impacted negatively the 
salt content of many water bodies in the region 
(Vila et al., 2007). 

Mining activities represent a singular problem 
to water quality. The Loa river (the longest river 

Chile, coastal wetlands are formed and their 
hydrodynamics is influenced by wind and 
emerged vegetation (Baladrón, 2011). Large 
and deep lakes formed by glaciers appear 
in southern Chile, among which Villarrica or 
Llanquihue lakes are important touristic places 
of the region. Stratified conditions govern their 
dynamics during 9 months (spring, summer 
and autumn), and due to the large size of 
these lakes, internal waves hydrodynamics 
is also modified by Earth rotation (Meruane, 
2005; CENMA, 2006; Rozas, 2011). In spite 
of the large abundance of lakes in Aysén and 
Magallanes regions, the key agents that govern 
their dynamics are not well known, and this gap 
in the knowledge needs to be filled soon. 

It is known that melted waters from glaciers 
feed these water bodies and strong winds 
recorded in the region seem to be the dominant 
agent that dominate their hydrodynamics; 
however, due to low temperatures of inflows, 
it is unclear whether well mixed conditions 
occurs in winter.

FIG. 9. Density of Lakes, Lagoons and Reservoirs  [Number / 100.000 km2] (Adapted from Salazar and Soto 2006)
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3. Water Uses
3.1 General Considerations

 3.2 Water, Livestock and Agriculture
When considering consumptive uses, 
agriculture is by volume the single most 
important water (FIG. 11) user in Chile, 
representing more than three quarters of all 
water consumption in the country. Industry 
(non-mining) is the second largest user, 
with roughly 10% of all water consumption. 
Mining, with 7% of water extractions, 
generates the highest value in terms of GDP. 
This situation, together with the unique legal 
framework regulating water management in 
Chile, has resulted in water being shifted from 
agricultural to mining use in some watersheds. 
In other cases some water use has been 
shifted from agriculture to municipal supply, 
in order to keep pace with population growth 
and increasing per-capita water demands.

Regionally, irrigation accounts for most water 
uses in all but two regions north of the 40º S 
parallel (FIG. 12). Only in Antofagasta and 
Atacama mining uses represent a larger fraction 
of consumptive uses, due to the extreme aridity 
and the advanced level of mining activity in 
those regions. New, large mining projects under 

As stated above, agriculture is the single 
largest water user (consumptive use) in Chile. 
Strong public policies in favor of augmenting 
the irrigated area were put in place since the 
middle of the 80’s, and starting from 1990 
the Chilean state pursued the objective of 
transforming the country in a food-producing 
powerhouse. Together with a consistent trend 
in augmenting irrigated area - the government 
declares an objective of 1,500.000 has under 
irrigation by year 2020 (MOP 2010) -, a 
major shift has been an increase in the value 
associated with agricultural production, and 
the ever expanding reliance in groundwater 
because of its superior quality, reliability and 
flexibility (Peña et al., 2004).

FIG. 13 shows the regional distribution of 
irrigated areas throughout the country and 
their associated water demands. It can be seen 
how irrigated agriculture is pervasive in Chile’s 
central third, which may come as no surprise 
given its climatic characteristics. What 

construction suggest that the trend towards 
increased mining use will continue, even if the 
mining industry sustains its current path to 
efficiency in water use (Section 3.6).

The central portion of the country is dominated 
by irrigated agriculture, with sanitation and 
industry representing a relevant share of water 
uses only in the Valparaíso, Metropolitana and 
Los Lagos regions (FIG. 12).  Thus, even when 
more than 80% of the Chilean population lives 
in urban areas (INE, 2008), the development 
model followed by the country places great 
relevance on agriculture, and this is reflected 
in water use patterns.

FIG. 10. Regional Distribution of Water Quality Problems
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is more striking is the fact that irrigation 
demands are not insignificant north of 
Santiago, where climate ranges from semi-
arid to extremely arid.
The development of global markets for high 
value crops such as grapes, olives, avocado 
and the like has resulted in augmented 
agricultural demands; higher revenues 
allow the cultivation of hill slopes and not 
only valley floors; all these effects combine 
to drive higher demands for groundwater 

particularly in the sunniest (driest) regions in 
the country. FIG. 14 shows the irrigated areas 
and the average irrigation efficiency for each 
region of the country. Efficiency is worst in the 
central region, where water resources are still 
perceived as abundant and alfalfa as well as 
other livestock plant foods is predominant. 
In the northern part of the country efficiency 
increases to between 45% and 60% driven by 
water scarcity and high value crops that allow 
higher investment in irrigation systems.

FIG. 11. Distribution of Consumptive Water Uses

FIG. 12. Consumptive Uses, in Percentage
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3.3 Water and Ecosystems
Chile combines a relatively low population with 
remote regions and a wide range of climates 
and this combination results in many areas 
where ecosystems remain largely pristine. 
In addition to national parks and national 
monuments, which in many cases feature 
water bodies prominently, Chile is affiliated 
to the Ramsar Convention, and thus wetlands 
in the country have special status. Wetlands, 
albeit protected, are fragile ecosystems 
that in many occasions are surrounded by 

human activity: well exploitation for industrial 
purposes, agriculture, grazing and logging can 
have detrimental effects over water recharge, 
chemical inputs, sediment loads and other 
factors determining ecosystem health.

In Chile, Ramsar sites have gained increased 
attention in the past decade, and the Chilean 
public nowadays shows awareness, if not 
about the specific details, about the relevance 
of the issue. A key factor in this process was 
the incident involving the Carlos Anwandter 

FIG. 13. Irrigated Areas in Chile and Associated Consumptive Use

FIG. 14.  Irrigated Areas in Chile and Associated Irrigation Efficiency
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Site Coordinates
Surface 

area
 (has)

Aditional
protection

Wetland type

Salar de Surire 18° 46’ to 18° 55’ S and 
68° 58’ to 69° 06’ W 15,858 Natural 

Monument
Perennial salty lagoons associated 
to altiplanic salares

Salar de Huasco 20° 18’ S ; 68° 50’ W. 6,000 National 
Park

Perennial salty lagoons associated 
to altiplanic salares

Salar de Tara 23° 01’ S; 67° 18’ W 5,443 National 
Preserve

Perennial salty lagoons associated 
to altiplanic salares

Sistema 
Hidrológico Soncor

23° 15’ to 23° 22’ S and 
68° 07’ to 68° 11’ W 5, 016 National

Preserve
Perennial salty lagoons associated 
to altiplanic salares

Salar de Pujsa 23° 11’ S; 67° 32’ W 7,397 National 
Preserve

Perennial salty lagoons associated 
to altiplanic salares

Aguas Calientes IV 24° 59’ S ; 68° 38’ W 15,529 None
Perennial salty lagoons associated 
to altiplanic salares

Laguna del Negro 
Francisco y laguna 
Santa Rosa

27° 27’ S and 69° 13’ O and 
 27° 04’ S and 69° 10’ W 62,460 National 

Park
Perennial salty lagoons associated 
to altiplanic salares

El Yali 33° 50’ S ; 71° 36’ W 520 National 
Preserve

Coastal, lagoon

Santuario de la 
Naturaleza Carlos 
Anwandter

39° 35’ to 39° 47’ and
73° 07’ to 73° 16’ W 4,877

Nature 
sanctuary, 
Montreux 
Registry

Perennial riparian with periodic 
tidal effects

The analysis of municipal water services in 
Chile must be separated into small localities 
(less than 500 connections) and large localities 
(more than 500 connections). The municipal 
water sector in Chile underwent a gradual 
but steady transformation since the decade 
of 1970, where the State slowly opened 
spaces for private investment in the sanitary 
sector. Currently, the Chilean state exercises 
an exclusively regulatory role through the 
Superintendencia de Servicios Sanitarios 
(SISS), while drinking water production, 
distribution and wastewater collection as 
well as treatment (in large localities) are 
responsibility of private companies. These 
companies constitute natural monopolies in 
their service areas, so the State controls service 
quality and tariff setting through a precisely 
defined negotiating process. The State keeps 

3.4 Water Services for MunicipalitiesSanctuary, where swans mortality was 
associated with irregular industrial wastewater 
from a paper mill. This case received intense 
media coverage and prompted several 
technical reports. To date, disputes on the 
origins and responsibility about the incident 
remain active (Muñoz, 2005).

Table 1 lists the Ramsar sites managed by the 
national agency in charge of national parks 
and reserves (CONAF); wetlands in Altiplanic 
Salares are the majority, but also included are 
coastal lagoons and riparian habitats. Table 
2 lists Ramsar sites managed by other entities. 
The first two sites are coastal lagoons located in 
the extreme south (Bahia Lomas) and semi-arid 
center-north of the country (Laguna Conchali). 
The third (Juncal) is a recently added site 
located in a high elevation valley in the semi-
arid Andes, two hours north of Santiago.

Table 1. Ramsar Sites Managed by CONAF
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Site Coordinates Surface area
 (has)

Aditional
 protection

Wetland type

Bahía Lomas 68o 49’ to 69o 26’ and
52o 27 to 52o 32’

58,946 None Coastal, with large tidal 
flats

Laguna 
Conchalí

31o 53’ S ; 71o 30’ W 34 None Coastal, transitional

Parque Andino 
Juncal

32o 55’ S;  70o 03’ W 13,796 None Alpine spring fed

a minority stake in most of the companies that 
currently operate in the country, while special 
regulations control the participation that any 
single firm may have in a geographic region. 
In order to keep expenditures in basic services 
in check for poor segments of the population, 
the State issues targeted subsidies that cover 
a percentage of sanitary services monthly bill. 
In small localities, local committees (rural 
potable water committees), which receive 
technical and some financial support from 
the State, manage water production and 
distribution. These committees operate 
autonomously and are composed by 
the residents of the area being served. 
Usually composed by a groundwater well, 
a chlorination unit, an elevated tank and a 
PVC distribution network, about 1,000 such 
systems exist in the country, and they have 
been enormously successful in providing 
safe drinking water for isolated towns and 
villages. Some challenges remain, though, 
as these small systems are vulnerable to 
drought or other emergencies, and lack 
financial resources to invest in increasing 
their supply security.

FIG. 15 shows the amount of potable 
water produced across Chile’s territory. The 
supplied rates are rather homogeneous with 
the salient cases of cities such as Valparaíso-
Viña and Concepción (with almost 5 m3/s) 
and Santiago, with more than 20 m3/s. 

This chart mirrors closely the population 
distribution in Chile, but amplifies this 
factor by climatic effects (Santiago is 
located in a semi-arid region) and economic 
factors. In Santiago, where average 
income is generally higher than in other 
cities, per capita consumption (230 l/cap/
day) almost doubles that of the rest of the 
country (110-150 l/cap/day). Not shown is 
this graph is the very high spatial variability 
of per capita consumption within cities: in 
Santiago, this metric can be as low as 150 
l/cap/day –proper of cities located in very 
arid regions such as Antofagasta-, but as 
high as 600-800 l/cap/day at the wealthier 
areas of the city. Non-critical uses such as 
yard irrigation and swimming pool filling 
account for this large difference. As stated 
above, successive Chilean governments 
implemented policies allowing for private 
capitals entering the sanitary sector. Leaving 
aside political considerations, this process 
injected fresh resources to regional utilities, 
and these resources allowed for: a) the almost 
complete coverage of supply and sewage 
collection systems along the country  (FIG. 
16), and most importantly, for b) a dramatic 
increase in the coverage of sewage treatment. 
FIG. 17 shows this metric, and it is self-evident 
how, around years 1998-2000, the sanitary 
sector experienced a systemic transformation 
that led to an almost complete coverage of 
wastewater treatment today.

Table 2. Ramsar Sites Managed by Other Parties
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3.6 Water and Industry
Process

Current 
Consumption 
(m3/ton Cu)

Goal
(m3/ton Cu)

Concentration 1.10 (0.40-2.30) 0.60

Hydrometallurgy 0.30 (0.15-0.40) 0.25

Other 0.10 0.05

Average 0.75 0.50

Source: Global Water Partnership, 2004

In terms of economic output, mining is the 
single most important industrial use given 
to water in Chile. Combined, all mining 
activity generates approximately half of 
Chile’s exports. Most mining activities are 

mortality rates comparable with those of 
developed countries, which can be traced to 
improved socioeconomic conditions, among 
which access to safe drinking water and 
sewage are key.

On the other hand, high exposure in Chile´s 
north to arsenic during 1950-1970 produced 
early health effects, including increased rates 
of infant mortality. An epidemiological study 
conducted in 1994-1996 generated data on 
arsenic exposure and death rates from cancers 
of the lung, bladder, kidney and skin for the 
period 1950-1996. The authors of the study 
conclude that the most significant public health 
effect of the presence of arsenic in drinking 
water was lung cancer (Ferreccio et al., 2002). 
The high risk for lung cancer in Antofagasta 
persisted for 20-30 yr after operation of water 
treatment plants, built to remove arsenic, 
began. From 1993 to 2002 the risk of dying 
from bladder or lung cancer in Antofagasta was 
four and seven times higher respectively, than in 
the rest of Chile (Ferreccio and Sancha, 2006).

These rates are expected to decrease, in the 
coming years, because of significant diminution 
of arsenic concentrations in drinking water. 
However, the impact of increased arsenic 
emissions into the atmosphere- mitigated 
somewhat by trapping of gases in recent 
years- may have negative consequences in the 
coming decades (Sancha and O´Ryan, 2008).

concentrated in the northern half of the 
country, where climate varies from extremely 
arid to semi-arid. As such, even the relatively 
modest water demands that mining industry 
exerts over the national water balance 
become relevant at a local level. Because 
in many areas mining has developed later 
than other long-standing water uses (such 
as agriculture), transfers of water rights from 
these historical uses to mining has created 
problems in the water balance of many 
watersheds. Conversely, the mining industry 
has made significant progress in reducing its 
fresh water use; currently the average for the 
industry is 0.75 m3/ton Cu (Table 3), which at a 
price of US$3.00/ounce Cu is equivalent to an 
economic output of approximately US$1,400/
liter of fresh water. 

The long-term efficiency goal stated by the 
industry is 0.50 m3/ton Cu, which represents 
a recirculation ratio of approximately 4-5 
(FIG. 18).

FIG. 19 shows the non-mining industrial 
consumption in Chile, distributed 
geographically. The most important industries 
in this respect are the paper/pulp processing 
industry, metallurgic and food processing. 

Table 3. Mining Water Uses for Different Processes
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3.8 Water and Energy
The relationship between water and the 
energy sector is manifold. Apart from being 
essential in hydropower generation, large 
amounts of water are used for cooling 
purposes in thermal plants. When used for 
cooling purposes, water is returned to the 
environment at high temperatures, with the 
potential damage to sensitive ecosystems. 
Despite its importance in thermal power 
generation and due to data availability, this 
section will focus on hydropower production. 

FIG. 20 shows the contribution of each 
generation technology to the national 
installed capacity for 2007 (Palma et al., 2009). 
Hydropower accounts for about 38% of the 
12,847 MW national installed generation 
power. This share can be further decomposed 
into 27% of hydropower reservoir plants, 
10% of large run-of-river, and 1% of small 
hydropower plants, which are defined here as 
having a generating power equal or smaller 
than 20 MW. Hydropower’s contribution to the 
national installed capacity is almost exclusively 
concentrated in the Central Interconnected 
System (CIS), the largest of the four grids that 
conform the Chilean power system (FIG. 21). 

The Norte Grande Interconnected System 
(NGIS) and the much smaller Aysén 
Interconnected System (AIS), have 13 MW 
and 20 MW of small hydropower capacity, 

respectively (Palma et al., 2009). The dynamics 
of hydropower’s relative contribution to 
the CIS installed capacity are shown in 
FIG. 22. This evolution can be explained 
to a great extent based on alternative fuel 
availability and prices. When fuel prices are 
relatively low, investments in hydropower 
new projects are postponed, increasing the 
share of thermal power. Given the expected 
global scenario for fuel prices, investment 
in hydropower plants should reactivate in 
the coming years.  Additionally, as a means 
to promoting electricity generation from 
renewable sources, a law was passed in 
2007 which enforces a share of the energy 
sold by companies to end-users must come 
from renewables (including small hydro). 
Specifically, the law enforces a share of 5% 
between years 2010 and 2014, and yearly 
increases of 0.5 % to reach 10% by year 2024. 
Due to this legal change, a as of December 
2008, over 230 MW of small hydropower 
projects were under environmental 
assessment and many more are expected in 
the near future.

A remarkable feature is that both the water 
and the electricity sector have undergone 
free-market reforms resulting in a scheme 

Chile has 9,140,330 has of National Parks, 
5,402,669 has of Natural Reserves and 26,896 
has of Natural Monuments. Additionally, the 
Ramsar sites are associated specifically with 
wetlands and are destinations associated with 
ecotourism, (Section 3.3).

FIG. 20. Electric Power Generation Matrix in Chile, 
2007  (Modified from Palma et al., 2009)
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4. Water and Society
4.1 Urban Water
Following a global trend, in 2010 more than 
80% of the Chilean population lived in cities 
(INE, 2008). This creates challenges and 
opportunities associated with water supply 
and services on one hand, and with risks and 
hazards on the other. Many of the issues related 
to sanitation are discussed in the section 
above. With respect to water related hazards, 
the Government has pursued an ambitious 
infrastructure plan in order to control and 
mitigate risks due to flooding, debris flows 
and other phenomena. Sometimes the impact 
of these events is local, circumscribed to 
areas adjacent to intermittent flow creeks and 
gullies. In other cases, the effects of flooding 

affect larger urban areas.  The technical model 
adopted in Chile for dealing with this problem 
usually relies in centralized management of 
excess runoff through collecting systems that 
converge to main evacuating channels. Table 
4 shows the projected investment in urban 
storm water drainage until 2020. Although 
pilot projects proposing decentralized storm 
water management have been proposed and 
research has shown some of the advantages 
of this alternative approach (e.g. Parkinson 
and Mark, 2005), by and large the model of 
centralized drain systems is still the dominant 
technical alternative for dealing with this issue. 
The last couple of decades, social awareness of 
debris flows has increased in Chile as a result 
of catastrophic events that have taken place 
along the country.  This awareness, joined 
to the knowledge of control measures used 
in other countries, have induced successive 
governments and private companies to develop 
several projects to reduced the damage 
generated by debris flows (Hauser, 2004). 

Although the biggest, and most cost 
demanding, debris control works have been 
built in the last twenty years, there exist many 
small works designed for debris flow local 
control that date from earlier periods. For 
example, masonry and rubblework check-
dams were built in Valparaiso in 1940, in order 
to control and capture the sediment carried 
during debris flow events in the main ravines 
reaching the urban area (Hauser, 2004). 
Gabions have also been used to construct 
check-dams, like the one located in Los 
Piches Creek, Metropolitan Region (FIG. 
24). Check-dams built with timber logs and 
filled with large stones, called “quinchos” 
have been used to arrest the sediment 

Economically, aquaculture has even surpassed 
fisheries in exports values, representing more 
than half of the total output of this sector.

Although the bulk of aquaculture activity takes 
place in fjords, estuaries and protected marine 
channels in southern Chile, some stages of fish 
development and a not-negligible fraction of 
this industry do occur in fresh water bodies, 
particularly in lakes. Aquaculture has been 
associated with a detrimental effect in water 
quality, because of eutrophication due to food 
losses and concentrated feces from fish crates. 
Also, a yet unquantified amount of vaccines, 
antibiotics and other chemical compounds 
applied to fish become available in the water 
column. The overall environmental effect 
of these variables has not been accurately 
quantified, but many authors point the 
environmental costs associated with Salmon 
and Trout production in Chile (e.g. Buschmann 
and Fortt, 2005; Cabello, 2004).
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4.4 Water and Woman
Chile, as the rest of Latin America, has 
been working for several years on including 
more strongly a gender focus in water 
management. In particular, access to 
water for all is a goal that has been on the 
government agenda for more than 40 years 
when the Rural Water Program (APR, in 
Spanish) was established. The APR program 
involves small supply and distribution systems 
serving small communities. Each system is 

The in-stream flow, unfortunately, only 
applies to water rights issued after the 2005 
law modification. Because by 2005 a majority 
of rivers in Chile were fully allocated, most of 
the rivers in the country are not associated 
with in-stream flow requirements.

Other legal bodies that apply and complement 
the Water Code include:

•	 Indigenous Population Code: establishes 
subsidies intended for supporting indigenous 
people or communities in buying water rights, 
and recognizes ancestral uses given by these 
communities to water bodies.

•	 Sanitary  Code: regulates the activities 
of water utilities, including the required 
investments in infrastructure and tariff setting.

•	 Environmental Code: establishes the 
Environmental Impact Assessment process.

•	 18.450 Irrigation Act: sets loans and other 
forms of funding in order to increase the 
irrigated acreage and improve efficiency in 
water use for agricultural purposes.

Institutionally, the agencies with 
responsibilities pertaining to the water sector 
include:

•	 Dirección General de Aguas (Ministry of 
Public Works, DGA): with the mission of 
researching and managing water resources. 
It issues water rights, maintains the main 
hydrometeorological monitoring network 
in the country, including groundwater 
levels, sediment loads and water quality. 
DGA is also in charge of enforcing the water 

code in relation to water extractions from 
streams and aquifers, as well as approving 
the construction of medium sized to large 
infrastructure projects.

•	 Dirección de Obras Hidráulicas (Ministry 
of Public Works, DOH): DOH plans and 
executes projects associated with water 
management such as irrigation reservoirs and 
distribution networks, storm water drainage, 
fluvial infrastructure; it also provides technical 
assistance to rural water supply systems.

•	 Superintendencia de Servicios Sanitarios 
(SISS): This agency is in charge of regulating 
the operations of water utility companies; 
in addition to monitoring industrial 
wastewater discharges to water bodies. 
The utility regulation component of its 
functions includes tariff setting, definition 
of concession areas and general overview 
of utility companies’ operations.

•	 Sistema de Evaluación de Impacto 
Ambiental (Ministerio de Medio Ambiente, 
SEIA): This agency coordinates and 
oversees the environmental impact 
assessment process.
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4.5 Public Participationself managed in a cooperative mode, with 
technical assistant from DOH, a government 
agency. Is in this field where women have had 
the greatest opportunity to become relevant 
agents of change and active stakeholders on 
water issues. Throughout the country, women 
participation is over 80% in the administrative 
aspects of rural water systems; their presence 
in executive boards decreases to 34%, 
and only 4% of women participate in the 
operation of these systems. 

Within the APR system, women have been 
able to shift from a management paradigm 
focused only in covering operational costs 
to one centered in efficiency, establishing 
fees that take into account the real 
operational and maintenance costs of 
rural water distribution systems. Women 
participation on science and technology in 
Chile is limited (Rebufel, 2009), but their 
participation in developing knowledge for 
water management is relevant. In this sense 
it is important to promote associations and 
synergy among professionals of technical 
and social fields working on water issues.

Women tend to think on a sustainable 
way so they care about the impact on the 
environment and water resources minimizing 
the effects of human activity.  As an example 
of this, the INEH (Iniciativa de Eficiencia 
Hídrica, ww.ineh.cl) initiative initiated on 
2008 at Dirección General de Aguas of the 
Ministery of Public Works, is formed mainly 
by women professionals; through teamwork 
they have formulated proposals for water 
resources policies as well as clean and efficient 
domestic water technologies (M. A. Alegría, 
pers. comm.).

The institutional framework for water 
management in Chile, as described before, is 
one in which water right holders operate water 
markets that are expected to allocate optimally 
the resource to the most efficient uses. Public 
participation is contemplated in the Water 
Code by the definition of users associations: a 
channel users association groups all users from 
a single primary channel; a junta de vigilancia 
groups water rights holders from the same 
stream; a comunidad de aguas subterráneas, 
brings together everyone with water rights to 
the same aquifer. In all these cases, the people 
participating in these associations must all be 
water right holders. 

When water issues intersect with environmental 
or social issues, though, this model becomes 
inadequate, as stakeholders in environmental 
water related problems might not hold water 
rights. According to Chilean law, then, these 
stakeholders are not valid participants in debates 
involving water planning and management. On 
the other hand, the Environmental Impact 
Assessment System (SEIA) contemplates an 
instance of public participation associated 
with the assessment process of individual 
projects. In this case, at certain times during 
the assessment period, town hall meetings 
are held in which the project developer 
presents the project to stakeholders and 
public comments are recorded and organized. 
Thus, public participation for water issues 
occurs only if there is a specific project being 
environmentally assessed, and if this project 
affects in any way the local water bodies.

Other instances of public participation 
include the rural drinking water 
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5. Conclusions
This chapter reviews some of the main water 
issues and challenges facing Chile, in relation 
to human, environmental and geographical 
dimensions. The development of the water 
sector in Chile has been strongly influenced 
by a decisive transition to economically 
liberal policies, where private investment 
has a primary role and State participation is 
limited to regulatory and oversight functions. 
The 1981 water code separated water rights 
from land ownership, and emphasized the 
value of water as an economic good. 

Although this transformation added 
significant dynamism to the productive 
sector, and arguably contributed to the 
economic growth experienced by Chile in 
the last decades of the 20th century, it has 
also generated some problems that the 
Chilean State has attempted to correct since 
1990. These problems are mostly related to 
the functioning of water markets in terms 
of speculation, monopoly and inequity in 
access to water for disadvantaged groups of 
the population. 

The environmental value of water and the 
ecosystem services associated with aquatic 
systems were absent from the original water 
code, but have slowly gained preponderance 
in the public discussion and in the assessment 

of investment projects, through the 
environmental impact assessment system. 

Now the economic aspects related to 
water management have been firmly 
established and accepted by most 
stakeholders, the water sector should 
strive to balance these aspects with 
environmental and social sustainability.
The Chilean population, for the most part, 
has adequate access to water services 
(supply and sanitation). 

Again, government policies have favored 
the participation of private companies in the 
ownership of water utilities, while the state 
has maintained a strong oversight role. 

This has had as a result, a sharp increase 
in drinking water, sewage and wastewater 
treatment coverage since the 1990`s decade. 
Improved sanitary practices have all but 
eradicated water-related diseases in Chile, 
but concerns remain about the presence of 
naturally occurring elements, such as Boron 
and Arsenic, in water sources in the northern 
portion of the country.

In terms of water use as an intermediate 
economic good, the situation is diverse 
among industries: irrigated agriculture 
remains by far the largest (in volume) user 
of water in the country, with application 
efficiency levels in the order of 50% as a 
national average. 

No estimates of the importance of 
“involuntary recycling” (i.e., use of irrigation 
excess water by downstream users) exist, but 
at the watershed level it can be supposed 

committees, in which the inhabitants 
of a locality operate and manage their 
own distribution system; in territorial 
planning, whereby land-use plans are 
publicly discussed, water issues such as 
construction in flood prone areas might 
provide further space for discussion. 
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Until 1990 Colombia was the fourth country 
in the world with the highest water volume 
per unit surface area, only behind the Soviet 
Union, Canada and Brazil. According to 
experts, Colombia’s average water yield 
was 60 liters per square kilometer, six times 
greater than the worldwide average and three 
times greater than that of South America.  
The prospect today is totally different. The 
decrease in water volume together with a 
fall in its quality, has reduced its availability. 
The main cause is indiscriminate logging, 
which directly affects aquatic and terrestrial 
ecosystems. In spite of the fact that our 

1. Introduction

country is still privileged with respect 
to water resources, there are millions of 
Colombians without access to drinking 
water and basic sanitation. The present 
document intends to take a glimpse at the 
actual state of our country’s hydrological 
resources. The information has been obtained 
from publications by important Colombian 
institutions that deal with water resources 
and the environment in general, including: 
The Environmental, Housing and Territorial 
Development Ministry (MAVDT - Ministerio de 
Ambiente, Vivienda y Desarrollo Territorial), 
The Institute of Hydrology, Meteorology and 
Environmental Studies (IDEAM - Instituto 
de Hidrología, Meteorología y Estudios 
Ambientales), The Autonomous Regional 
Corporations and Environmental Authorities; 
The National Comptroller’s Office, as well 
as research institutions such as Universidad 
Católica de Oriente, Universidad del Valle, 
Instituto Quinaxi and Centro de Ciencia y 
Tecnología de Antioquia. 

Colombia is found in the northwestern corner 
of South America, within the latitudes of 12º 
30’ North and 4º 13’ South. It has a continental 
extension of 1,141,748 km2 and a continental 
platform and territorial seas of 928,660 km2 (FIG. 
1). It is the fourth largest country of the area, 
behind Brazil, Argentina and Peru. Colombia 
is the only South American country with a 
coast of 1,600 kilometers on the Caribbean 
Sea and 1,300 kilometers on the Pacific 
Ocean. As a result of its equatorial geographic 
position and its complex relief, it has a variety 
of climates and a mosaic of ecosystems. Our 
country includes one of the most complex and 
vulnerable ecosystems on Earth, containing 

2. The Colombian Territory

An Overview
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supply is over 2,000 km3 per year, which 
corresponds to a yearly average of 57,000 m3 

per capita. However, if the decrease caused by 
reduced water quality and natural regulation 
processes is considered, the estimated 
average annual water available is only 34,000 
m3 per capita. In dry years this figure falls 
to a yearly average of 26,700 per capita, 
and is even less favorable or misleading if 
the heterogeneous distribution of water, 
population and economic resources are taken 
into account. Furthermore, according to 
calculations by IDEAM (2008), between 
the years 1985 and 2006, annual water 
available per capita fell from 60,000 m³ 
to 40,000 m³, at an approximate rate of 
1,000 m³ per year.

The study by IDEAM (2008) confirms that 
water distribution in the country is highly 
variable in space and time, in spite of 
Colombia’s relatively favorable water resource 
supply and availability. In addition, the 
diversity in vegetation coverage, land, land 
usage, and the geological and hydrological 
characteristics of Colombian watersheds 
result in varied regulation capacities. As a 
result, while some areas have enormous 
runoff, such as the Pacific region where the 
rivers Dagua, Baudó, San Juan, Micay and 
Atrato are found, others have a very high 
runoff deficit such as the high and low Guajira 
areas, San Andrés and Providencia, the Cesar 
River basin and La Sabana in Bogotá, as 
shown in  FIG. 6. In dry conditions, average 
water supply reduces between 50% and 65% 
(IDEAM, 2010). These variations in water 
supply are a cause of serious concern and 
even alarm in some municipalities and urban 
areas, because of poor planning for the use of 

water resources. The exploitation of water in 
urban aqueducts, supplied over 80% by small 
rivers, streams and brooks, in general lacks 
programs for watershed protection, systems 
for water regulation, storage, transportation 
and treatment, as well as the economic 
forecasts to carry them out.

FIG. 5. Aridity Index Map in the Regions of Colombia
SOURCE: IDEAM,2012

FIG. 6. Colombia’s Multiannual Average Runoff Per Year

COLOMBIA





249

Problems
Water Quality
 Deterioration 

Presence 
of H2S

Corrosion 
and/or 

Abrasion

Aquatic 
weed

Fish 
Mortality

Sedimentation
Pollution 

by 
garbage

Wastewater
Flow 

decrease

Reservoirs 
with
information

15 15 16 15 15 18 14 14 16

Number of 
Reservoirs 
Affected

4 4 8 5 4 8 5 5 6

Percentage 
of Reservoirs 
affected

26.6 26.6 50.0 33.3 26.6 44.4 35.7 35.7 35.7

 
several Colombian reservoirs. At El Peñol 
Reservoir (Antioquia), anoxic water loaded 
with dissolved iron (Fe++) and H2S was causing 
serious corrosion in the engine rooms, thus 
forcing the respondent entity to install a 
mechanical aeration system to improve the 
chemical quality of water in the collector 
towers. Medina (1983) analyzes this problem 
thoroughly. In addition, abrasion caused 
by sediment-loaded water is common in 

tropical reservoirs due to the erosion of 
watersheds and heavy rains. The Prado 
Reservoir (Tolima) is chemically stratified and 
has a high production of sulphydric acid in 
a totally anoxic environment. The problem 
with corrosion is so serious that the high-
resistance steel-covered headrace tunnels, 
began to crumble as a consequence of the 
sulphydric and iron metabolism of sulphuric 
and ferruginous bacteria.

FIG. 8.  Pesticide Contaminated Areas and Reservoirs in Colombia.

SOURCE: ROLDÁN, G. Y E. RUÍZ, 2001

Table 1. Main Problems Present in Colombian Reservoirs.
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Reservoirs Secchi Disc 
Values Oligotrophic Mesotrophic Eutrophic Hipertrophic

Betania
(Magdalena)

1.02-2.89

Betania 
(Yaguará)

1.02-2.89

Calima 0.90-3.60

La Esmeralda
(Chivor) 

0.09-1.30

La fe 1.02-2.89

Muña 0.25-0.90

Neusa 0.60-2.40

Peñol 
(Guatapé) 

0.90-2.50

Prado 0.30-2.00

Punchina 0.80-3.00

Sisga 0.40-1.30

Tominé 0.25-0.45

Massive fish death has been reported in 
highly eutrophicated reservoirs, such as El 
Prado (Tolima). A possible cause is the strong 
fall in oxygen levels during the evening in this 
type of trophic reservoir (Márquez and Guillot, 
2001). A wide variety of cyanophytic algae is 
also common and may be the cause of fish 
poisoning, although the most frequent cause 
of fish mortality seems to be nocturnal anoxia.

Fish Mortality

All reservoirs tend to accumulate sediment, 
however the velocity of clogging depends on 
the amount of sedimentary materials carried by 
the connecting rivers, the state of conservation 
of the surrounding watershed and rain intensity 
in the area. Due to the great sediment volume 

Sedimentation Problems

transported by tropical South American rivers, 
tropical reservoir design generally includes a 
dead storage capacity (extra capacity required 
to guarantee its useful life) of up to 40%. In the 
South American tropics, sediment dragging 
is high because of steep slopes that generally 
lack vegetation. The sediments in reservoirs 
also affect water’s physical chemistry, especially 
light penetration, which in turn reduces the 
euphotic zone and therefore the photosynthetic 
capacity of the reservoir. In addition, certain 
kinds of sediments trap orthophosphates thus 
decreasing reservoir productivity. 

The building costs of a reservoir are very 
high, therefore the importance of correctly 
estimating the sediments it might possibly 
receive. The lifespan of the Anchcayá 

Table 2.  Secchi Disc values and the Trophic Status of Colombian Reservoirs.
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permanent ebb tide as well as surges that 
are initially slow and long lasting. In general, 
the area susceptible to flooding in Colombia 
is greater than 102,000 km², of which less 
than 25% corresponds to the Magdalena-
Cauca river basin. However this area is of 
considerable importance because it is home 
to a great portion of the population. The 
total area covered by swamps in Colombia 
is approximately 200 km², which represents 
close to 2% of the nation’s continental surface. 
Sixty percent of these swamps are found in 
the departments of Amazonas, Guainía and 
Guaviare. Although it has not been possible 
to determine the real volume of water stored 
in swampy areas, it can be calculated by 
considering an average depth of 0.2 m (soil-
water interface) and the fact that swamps 
contain an average of 95% water. Thus the 
total water volume of Colombian swamps 
can be estimated at nearly 11,500 million 
cubic meters.

In Colombia we have identified an area covered 
by lentic water bodies of approximately 832 ha. 
The percentage distribution described in FIG. 9.

From historical records, including information 
on extreme levels in the different hydrological 
stations, evaluating the recurrence of these 
events occur. In the Table 3 shows the 
maximum levels for different return periods.

In total, there are 5,622,750 ha of marsh 
and other similar bodies of water, mainly in 
the departments of Bolívar and Magdalena. 
Lagoons represent close to 22,950 ha while 
floodable savannas cover a total surface of 
approximately 9,255,475 ha, and are found 
in the departments of Amazonas, Guainia 
and Guaviare. Floodable forests represent 
approximately 5,351,325 ha and are located 
in Orinoquía, Amazonia, Bajo Magdalena 
and to a lesser extent, in the Pacific area. 
Colombia currently has six glacier or snow-
covered mountains: a) Sierra Nevada de Santa 
Marta (5,775 m), b) Nevado del Ruiz Volcano 
(Cordillera Central, 5,400 m), c) Nevado Santa 
Isabel Volcano (Cordillera Central, 5,110 m), 
d) Nevado del Tolima Volcano (Cordillera 
Central, 5,280 m), e) Nevado del Huila Volcano 
(Cordillera Central, 5,665 m), and f) Sierra 
Nevada El Cocuy (Cordillera Oriental, 5,490 m).

FIG. 9. Distribution of Lentic Water Bodies in Colombia

SOURCE: IDEAM,2010
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Station 
Maximum levels (cm)

2 5 10 20 50 100

Magdalena

Pte. Santander 514 586 626 662 703 731

Purificación 701 748 775 799 827 846

Nariño 670 745 793 837 894 936

Pto. Salgar 516 552 582 617 670 718

Pto. Berrío 541 569 585 599 615 626

El Banco 839 887 908 922 937 946

Cauca

La Balsa 334 393 429 462 502 531

Juanchito 536 610 651 685 725 752

Mediacanoa 574 616 635 649 664 673

La Victoria 670 751 796 834 878 908

Bolombolo 514 589 631 667 708 736

Pto. Valdivia 481 561 616 670 744 802

La Coquera 380 442 481 516 560 592

Las Varas 542 577 596 611 629 640

Sinú

La Despensa 481 516 537 554 575 590

Mocarí 1,460 1,530 1,590 1,660 1,760 1,840

Montería 541 582 606 627 652 670

FIG. 10. Time estimated for Colombian Glacier Disappearance

SOURCE: ESTUDIO DE ALTA 
MONTAÑA COLOMBIANA, 
CONVENIO IDEAM – UNAL 1997

Table 3. Maximum Levels Between Various Return Periods (Source: IDEAM, 2008)
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The main factors altering water quality 
are domestic and industrial wastewater; 
wastewater from agriculture and ranching; 
stormwater; water from terrestrial, fluvial 
and oceanic transportation of dangerous 
compounds, as well as oil and its by-products; 
infrastructure work; water from mining 
processes; and solid wastes dumped into 
landfills or directly into bodies of water.  FIG.16 
shows the distribution of the main sectors of 
pollutant load contributions to the rivers.
 
The location of a highly dense population 
and production industries in Colombia’s main 
Andean cities has caused pressure on the 
basins of the Magdalena and Cauca rivers. The 
tributaries of these rivers receive the greatest 
amounts of water quality-altering substances.

According to the Foundations for the 
Development of a National Plan for 

10. Quality of Water Wastewaters (Bases para la formulación 
de un Plan Nacional de Aguas Residuales) 
(Universidad de los Andes – Ministerio 
de Medio Ambiente, 2002), the flow 
of wastewater from Colombian cities is 
estimated to be close to 67 m3/s, of which 
more than 15.3% corresponds to Bogotá, 
13% to Antioquia, 9.87% to Valle del Cauca, 
while the remaining departments are below 
5%. These proportions reflect the extent to 
which bodies of water are being affected and 
set a trend of impact on the regions.  

Coastal areas mainly present pollution by 
domestic and industrial waste. Most domestic 
sewage is poured directly into coastal waters or 
rivers without treatment, largely into the Cauca 
and Bogotá rivers of the Magdalena watershed.  

The highly organic effluents of the food 
industry, are also very often poured directly 
and without treatment into water currents, 
and together with domestic organic waste 
alter water resources. The cement industry 
modifies water by dumping suspended solids, 
while the petrochemical and carbochemical 
industries add complex chemical compounds 
to it. Additionally, given the vulnerability of oil 
duct and gas pipeline systems, the spilling of 
crude oil negatively modifies water quality and 
thus resident biota. 

The manufacture sector, including the chemical 
industry, emits non-biodegradable compounds, 
as do the pharmaceutical, plastic and synthetic 
industries. An important amount of metals, 
hydrocarbons, carbon particles and sediments 
resulting from extraction and washing processes 
used in mining and oil industries, are added 
to water resources and then distributed to 

FIG. 16. Pollutant loads Discharged into Water Systems 
by some Sectors in 2008      

 SOURCE: IDEAM. 2010
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Department Flow (m3/s)
Population Coverage with wastewater 

treatment systems constructed 
Flow treated (m3/s)

Amazonas 0,11 50,00% 0,06

Antioquia 8,59 20,80% 1,79
Arauca 0,39 50,70% 0,20
Atlantico 3,42 26,10% 0,89
Bogota d.c.* 18,6 21,50% 4,00
Bolivar 3,22 8,90% 0,29
Boyaca 2,16 18,70% 0,40
Caldas 1,76 7,40% 0,13
Caqueta 0,67 0,00% 0,00
Casanare 0,46 26,30% 0,12
Cauca 2,01 48,80% 0,98
Cesar 1,54 60,00% 0,92
Choco 0,64 0,00% 0,00
Cordoba 2,11 28,60% 0,60
Cundinamarca 3,44 40,50% 1,39
Cuainia 0,06 100,00% 0,06
Guaviare 0,19 25,00% 0,05
Huila 1,48 5,40% 0,08
La Guajira 0,77 78,60% 0,61
Magdalena 2,06 23,10% 0,48
Meta 1,12 10,30% 0,12
Nariño 2,62 4,80% 0,13
Norte de 
Santander

2,16 15,00% 0,32

Putumayo 0,53 0,00% 0,00
Quindio 0,90 33,30% 0,30
Risaralda 1,51 0,00% 0,00
San Andrés y 
Providencia

0,12 0,00% 0,00

Santander 3,13 13,80% 0,43
Sucre 1,27 62,50% 0,79
Tolima 2,05 68,10% 1,40
Valle del Cauca 6,68 35,70% 2,38
Vaupes 0,04 33,30% 0,01
Vichada 0,14 0,00% 0,00

Colombia 75,95 27,79% 18,93

Source: MAVDT, Grupo Recurso Hídrico based on information from: (i) Plan Nacional de Manejo de Aguas Re-
siduales Municipales – PMAR, published in June of 2004; (ii) Inventory by MAVDT in the framework of SINA, 
2006

Table 6. Municipal Wastewater Flow Treated
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objectives and goals defined in the present 
Policy. In addition to the Hydrologic Plan, 
a CONAPES will be formulated together 
with the National Planning Department 
to determine the sectoral actions that will 
promote national integral management of 
hydrologic resources.
 
The following is a list of the corresponding 
regulatory framework in Colombia. As has 
been mentioned beforehand, the various 
problems that are still present with respect to 
water matters, are not due to lack of legislation, 
but to the diversity of norms, lack of political 
will to apply regulations adequately, in 
addition to a lack of environmental education. 

a. Water resources in general
•	 Law 23 of 1973, “By means of which 

extraordinary faculties are given to the 
President of the Republic to issue the Code 
for Natural Resources and Environmental 
Protection and to announce other orders”.

•	 Act 2811 of 1974, “National Code 
for Renewable Natural Resources and 
Environmental Protection”.

•	 Act 1449 of 1977, “By means of which the 
following are partially regulated [Paragraph 
1, Number 5, Section 56 of Law 135 of 
1961] and [Executive Decree No. 2811 of 
1974]”. Partial revocation Law 79 of 1986, 
Law 373 of 1997 and Act 1791 of 1996.

•	 Act 1541 of 1978, “By means of which Part 
III, Book II of Act 2811 of 1974 ‘of non-
maritime waters’ is regulated”.

•	 Law 9 of 1979, “By means of which sanitary 
measures are enacted”.

•	 Act 1594 of 1984, “By means of which 
Section I of Law 9 of 1979 is regulated, as 
well as Chapter II, Section II, Part II, Book 

I of Act 2811 of 1974 on the use of water 
and liquid wastes”.

•	 Political Constitution of Colombia, Sections 
78, 79, 80, 365, 366, 367, 368, 369 and 370.

•	 Law 99 of 1993, “By means of which the 
MINISTRY OF THE ENVIRONMENT is 
created, the Public Sector in charge of 
management and conservation of the 
environment and natural resources is 
reorganized, the National Environmental 
System (SINA - Sistema Nacional Ambiental) 
is organized, and other dispositions are  
enacted”.

•	 Law 373 of 1997, “By which the program 
for efficient water saving and use is 
established”.

•	 Law 1220 of 2005 “By which Section VIII of 
Law 99 of 1993 on environmental licenses 
is regulated”. 

b. Bodies of water and hydrographic basins
•	 Law 161 of 1994 “By which the Corporación 

Autónoma Regional del Río Grande de 
la Magdalena, is organized, its sources 
of financing are determined and other 
provisions are enacted”.

•	 Law 357 of 1997, “By which the ‘Convention 
on Wetlands of International Importance 
Especially as Waterfowl Habitats’, subscribed 
in Ramsar on February 2, 1971, is approved”.

•	 Act 1604 of 2002, “By which Paragraph 3, 
Section 33, Law 99 of 1993  is regulated”.

•	 Act 1729 of 2002, “By which Part XIII, 
Section II, Chapter III of Decree-Law 2811 of 
1974 on hydrographic basins is regulated, 
Number 12, Section 5, Law 99 of 1993 is 
partially regulated and other regulations 
are enacted”.

•	 Resolution 769 of 2002, “By which 
provisions are enacted to contribute to the 
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protection, conservation and sustainability 
of paramos”. Modified by Resolution 140 
of 2003.

•	 Resolution 839 of 2003, “By which the 
reference terms to develop the ‘Study on the 
Current State of Paramos and the ‘Plan for 
Environmental Management of Paramos are 
established”. Modified by Resolution 1128 of 
2006. 

•	 Resolution IDEAM 104 of 2003, “By which the 
criteria and parameters for the classification 
and prioritization of hydrographic basins are 
established”.

•	 Resolution 196 of 2006, “By which the 
technical guide for the development of 
management plans for wetlands in Colombia 
is adopted”.

•	 Act 1480 of 2007, “By which national planning 
and intervention of some hydrographic 
basins are prioritized and other provisions are 
enacted”.

c. Management instruments 
•	 Act 1600 of 1994, “By which SINA is partially 

regulated in relation to the Sistemas 
Nacionales de Investigación Ambiental y 
de Información Ambiental”.

•	 Act 1933 of 1994, “By which Section 45 of 
Law 99 of 1993 is regulated”. 

•	 Act 3100 of 2003, “By which fees for the 
direct use of water as a receptor of specific 
discharge are regulated and other decisions 
are taken”.

•	 Act 155 of 2004, “By which tax for the use 
of water is established”.

•	 Act 3440 of 2004, “By which Act 3100 of 
2003 is modified and other provisions are 
adopted”.

•	 Act 4742 of 2005. “By which Section 12 of 
Act 155 of 2004 is modified and Section 43 

of Law 99 of 1993 on taxation for use of 
water is regulated”.

•	 Resolution 865 of 2004, “By which the 
methodology to calculate surface water 
scarcity index is adopted”.

•	 Resolution 872 of 2006, “By which the 
methodology to calculate groundwater 
scarcity index is determined as referred to 
in Act 155 of 2004 and other provisions are 
adopted”.

•	 Act 1900 of 2006, “By which the Paragraph 
in Section 43 of Law 99 of 1993 is regulated 
and other provisions are enacted”.

•	 Act 2570 of 2006, “By which Act 1600 of 
1994 is added to and other provisions are 
enacted”.

•	 Act 1323 of 2007, “By which the Information 
System for Water Resources (SIRH -Sistema de 
Información del Recurso Hídrico), is created”.

•	Act 1324 de 2007, “By which the Water 
Resources Consumer Register is created 
and other provisions are enacted”.

d. Potable water and sanitation
•	 Law 142 of 1994, “By which the residential 

public service system is established and 
other provisions are enacted”.

•	 Act 3102 of 1997, “By which Section 15 
of Law 373 of 1997 is regulated in relation 
to the installation of water use reduction 
equipment, systems and implements”. 

•	 Resolution 1096 of 2000, “By which the 
Technical Regulations for Potable Water 
and Basic Sanitation Sector (Reglamento 
Técnico para el sector de Agua Potable y 
Saneamiento Básico – RAS) is adopted”.  
Modified by Resolution 668 of 2002 and 
1459 of 2005. 

•	 Resolution CRA 150 of 2001, “By which basic 
and maximal consumption is determined in 

COLOMBIA





273

IHO”, subscribed on May 3. 1967 in 
Monaco is approved.

•	 Law 74 of 1979. “By which the ‘Amazonian 
Cooperation Treaty’, signed on June 3, 
1978 in Brasilia is approved”. 

In his article “Water in the Sustainable 
Development of Colombia. What Do We 
Want Water For?”, Dr. Guhl mentions the 
importance of water as a strategic resource 
for development. He also underlines the 
importance of understanding that water 
is a limited resource that could no longer 
be renewable if it is poorly managed. He 
proposes two areas to be considered for the 
sustainable use of water: conservation of the 
hydrologic supply, i.e. amount of available 
water; and quality preservation to ensure 
its safe use from the perspective of human 
health and ecosystems. With respect to the 
first of these considerations, the adequate 
management of watersheds and water-
producing environments such as paramos, is 
essential to avoid damaging events such as 
lack of flow regulation and erosion caused 
by the loss of forest coverage. In other 
words, conservation must be a determinant 
priority if we wish to keep our hydrologic 
wealth. For this reason permission from the 
environmental authorities to allow agriculture 
expansion into paramos for intensive potato 
culture, is inexplicable.  

Looking into the future, it can be argued 
that the vast national supply of water does 
not coincide with the areas of major human 
activity and settlement where the demand is 
greatest. According to official data a water 
deficit in the “developed” parts of the country 

18. Threats to Water in Colombia

can be anticipated, and could produce a 
high risk of scarcity in its aqueducts. This 
would imply a true sanitary and economic 
emergency, that must be avoided through 
planning and decisive action.

The paradoxical situation of scarcity in the 
midst of abundance is a mistaken reading 
of reality. On the one hand, the data refer 
to the amount of water without considering 
quality, which is the greatest limitation to its 
use; and on the other they refer to current 
supply sources which often are small ravines 
with acceptable water quality. While these 
are highly susceptible to flow reduction 
due to climate, larger rivers are not used to 
provide aqueducts for reasons such as cost 
and contamination. A clear example of this 
paradox is Barrancabermeja, a municipality 
with a high scarcity of water in spite of being 
located on the Magdalena River. 

As to water quality, it is essential to modify 
the ways we discharge domestic, industrial 
and agricultural waste untreated into rivers, 
full of organic and chemical pollutants and 
above all pathogens in such high quantities 
that make the use of these waters impossible.

The common practice of moving polluted 
waters downriver does not recognize the 
universally accepted principal “the polluter 
should pay the price”, as it transfers 
environmental impact and cost to other areas. 
Although, as mentioned above, only 32.33% 
of Colombian municipalities treat their 
wastewater, just treating water is not enough. 
The level of water treatment should depend 
on how it will be put to use again after being 
poured into currents. In an autistic and selfish 
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In Colombia, where water supply is abundant, 
the usefulness of mechanisms such as those 
described above is unclear. Instead, programs 
to create awareness of the importance of 
water and for the application of mechanisms 
for surveillance and control of concessions 
and discharges might be considered. Also 
available are instruments such as use and 
compensation fees that encourage the 
rational use of water and promote cost-
benefit equity in the use and maintenance 
of a resource of public interest that the state 
concessions at no cost. An interesting option 
for Colombia could be that the landowners 
where water resources originate or where 
important ecosystems for environmental 
conservation are found, could obtain 
concessions to maintain hydrological supply 
by leasing these rights to owners downriver 
so they can carry out their profitable tasks.

Parts of the instruments for efficient water 
management are effluent and natural resource 
fees, created to rationalize the behavior of 
consumers searching for water of good quality. 
In our country, the potential of these instruments 
has not been satisfied and unfortunately they 
have not affected water quality and quantity. 
Again, the criterion of fairness, which implies the 
fulfillment of the “paying pollutant” principle, 
comes to mind, in such a way that the consumer 
pays the costs of water treatment to make it apt 
for reuse. 

Granting concessions for the various uses 
of water implies recognizing the size and 
variation of flow and its quality. In order to 
determine the amount of flow available for 
a variety of uses, current social priorities 
must be considered. The first of these is use 

by humans, followed by agricultural and 
industrial uses and finally the generation of 
hydroelectricity. Unfortunately, ecological flow 
is rarely recognized as important and is often 
ignored, however being the flow that a current 
must carry to guarantee its proper functioning 
within an ecosystem, it is fundamental.

The reuse of water is an interesting alternative, 
given the growing demand of water for 
consumptive and nonconsumptive uses, as 
long as the water returning to the environment 
fulfills the standards required for its future 
uses. This possibility stimulates wastewater 
treatment whenever the consumer benefits 
for using and treating water before returning 
it to the environment.

Although water for drinking is the most 
obvious and relevant of its uses, it only 
represents about 5% of its total consumption. 
The market for drinking water has reached 
unsuspected dimensions that seem unreal 
and artificially created by an obsession with 
quality and health. Bottled water in the United 
States for example, creates an annual market 
of 7 billion dollars and its value has increased 
80 times between the years 1970 and 2000. 
Its price is several times greater than the price 
for milk or gasoline, and even more than the 
price of soda, which is made from water. This 
is not the only market for water, but it is the 
most developed.

Agriculture consumes around 60% of the 
water we use and its demand continues to 
rise, motivated by an ever growing population 
with an increasing income, and a supply 
that continues to fall because of decreased 
availability and quality. Traditional irrigation 
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Colombia in summary, disposes of very 
significant amounts of water to satisfy its needs. 
The enormous problem that seems to be 
approaching has to do with the quality of water, 
not with its scarcity. In other words water related 
problems depend more on management and 
control than on its natural availability.  In this 
sense for decision making is essential to better 
planning tools such as those currently proposed 
national policy for water management and 
national survey instruments such as water, 
allowing progress in the analysis of information 
to identify the state of the art of water resources 
in our country.

The national survey of water (IDEAM, 2010) 
mentioned the need to strengthen monitoring 
and information systems to obtain more timely 
and representative of reality. It is also necessary 
to advance in studies of groundwater, as they 
are an essential resource for water supply for 
future generations, taking into account the 
decrease in availability of surface water to 
meet water demands of our population.

Climate change is a fact to take into account 
when analyzing the information, and 
Colombia is no exception, since the effect of 
natural climate variability today, raises huge 
risks to social and economic sectors, because 
the intensity of the events that have been 
presented in recent years. For this reason, 
future analysis should take into account the 
projections of water before scenarios of 
climate variability and changes in land use 
and land cover.

The IDEAM should develop strategies for 
adaptation to current climate variability of the 
country within the management plans and 
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3. National Fresh Water 
Resources and Use

Water was a natural resource of great 
importance for the development of 
aboriginal’s societies before the arrival of 
the Spaniards, used for transportation, food 
production, and for religious rituals.  With the 
arrival of the Spaniards the availability and 
quality of the resource changed dramatically, 
partially associated with deforestation (Vargas 
Sanabria, 2003).

Agricultural production (especially coffee 
and bananas) formed the basis of the early 
development of the country and continue to 
be important today. In the 19th century, the 
development of agro-industry associated 
with the processing of coffee, bananas, sugar 
and sugar-cane liquor increased the demand 
of water and started the pollution of rivers.  
However, over the years, part of the wealth 
from this production was well spent, as it 
helped finance the early education and health 
systems.  The smart decision of abolishing 
the army in 1948 was the key for keeping 
the country politically stable and allowed 
more economical resources to be spent on 
social programs. Water supply and sanitation 
programs benefited from these funds that 
otherwise would have been spent on arms.  
Sadly, the lack on environmental conscience 
also allowed that the development of Costa 
Rica in large part of the 20th century was 
done without any regard for water quality 
in streams, and for conservation of forests 
or soils. Fortunately, this started to change 
at the end of the 20th century, and now 
Costa Rica has earned a good reputation 
as an environmentally-friendly country.  This 
contrasts with the severe contamination 
problems that still persist in the urban 
streams for example. While it will probably 

take a continuous effort over many years 
to address all the local problems related to 
deforestation, over-exploitation and quality 
of water resources, there are indications that 
emerging efforts to clean the environment 
and insure sustainability are starting to take 
place.  This is a significant challenge that will 
require the participation of many sectors of 
the society, but that will also result in a better 
quality of life for future generations.

Costa Rica is located in the southern part 
of Central America.  The continental part of 
the country can be framed between 8°02’ 
26” to 11°13’ 12” latitude North and 82°33’ 
48” to 85°57’ 57” longitude West (FIG. 1, 
INEC, 2004). Costa Rica presents a range 
of elevations from 0 meters above sea level 
(MSL) in the Pacific and Caribbean coasts to 
3,810 MSL in the Cerro Chirripó, the tallest 
peak in the Talamanca Mountain Range 
that delineates the continental divide in the 
southern part of the country. Costa Rica 
extends over approximately 51,102 km2 and 
is divided in seven provinces: San José (SJ; 
4,966 km2), Alajuela (AL; 9,758 km2), Heredia 
(HE; 2,657 km2), Cartago (CA; 3,125 km2), 
Puntarenas (PU; 11,266 km2), Limón (LI; 9,189 
km2), and Guanacaste (GU; 10,141 km2). A 
small island (of around 24 km2) in the Pacific 
Ocean (05°31’ 08” North and 87°04’ 18” 
West) known as “Isla del Coco” or “Coco’s 
Island” is also under national sovereign since 
1869. The 2008 estimated total population in 
the country was 4,451,262 habitants (INEC, 
2008) and the Gross Domestic Product was 
estimated in around US$ 29,800 million 
(COMEX, 2008).
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Costa Rica is located in the Neotropic or 
Neotropical ecozone, having an intertropical 
(tropical and subtropical) climate that results 
in a relatively large availability of rainfall 
during large part of the year in a large part of 
the country.  Dry season in large part of the 
country extends from December to April and 
consequently the rainy season extends from 
May to November.

The country’s rich topography, exposure, 
distance to the coast, and seasonal prevailing 
atmospheric circulation patterns results 
in high spatial and temporal precipitation 
variations and relatively abundance of 
contrasting micro-climates (see also Amador 
et al., 2000). For example, average annual 
total precipitation ranges in the order of less 
than 1.5 m in the Guanacaste coastal plains 
and Cartago’s valleys, to more than 8 m in the 
Talamanca Mountain Range, with a national 
average of around 2.9 m (UN, 2006). Average 

annual temperature ranges from slightly less 
than 5o C in the top of the highest mountains 
to more than 28oC in Guanacaste’s lowlands 
(IMN, 1985; UNESCO, 2007) but with 
relatively small seasonal change. Average 
annual total annual renewal water resources 
(TARWR) have been estimated in around 112 
km3 (UN, 2006; Peter H. Gleick and associates, 
2008; CIA, 2009) or more than 25,900 m3 per 
year per habitant in the majority of consulted 
studies; although some figures could be as 
high as 170 km3 (Ministerio de Salud and 
Organización Panamericana de la Salud, 2003; 
Vargas Sanabria, 2003). 

This suggests that on average, Costa Rica has 
an absolute ample availability of freshwater. 
Except perhaps for countries in South America 
and Oceania, many countries of the world and 
in the region have considerably less TARWR 
(FIG. 2).

However, as it will be discussed below in this 
and following sections this large average 
water supply availability hides serious local 
over-exploitation problems and severe cases 
of contamination of urban rivers and aquifers, 
mainly associated with uncontrolled growth 
(see for example OD, 2001).

In the last couple of decades, the accumulation 
of new and old water supply and water quality 
problems, (some of them which resulted in an 
increased incidence of local water conflicts 
OD, 2001), and the development of a better 
environmental conscience in the habitants 
(associated with a global and local increase 
in the awareness of the necessity and value 
of environmental protection) have helped to 
start reducing the apathy in the society (see 

FIG. 1. Boundaries and Internal Administrative Division 
of the (Continental) Republic of Costa Rica.  The 

Country is Divided in Seven Provinces: San José (SJ), 
Alajuela (AL), Heredia (HE), Cartago (CA), Puntarenas 

(PU), Limón (LI), and Guanacaste (GU).
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6. Water and the Environment
The relatively low water use compared 
to the TARWR and the high average 
TARWR shown in FIG. 2 and FIG. 4 could 
be misleading indicators of the potential 
amount of additional exploitation that can be 

sustainable or desirable for a certain region.  
For example, the report Programa Estado de 
la Nación, 2009, an annual national diagnostic 
study that evaluates many variables affecting 
socioeconomic development of the country, 
included for the first time an estimation of 
the “ecological footprint” of the country.  
The results are distressful, as they show that 
the rate of use of natural resources is greater 
than the capacity of the national territory for 
replenishing them by around 12% (therefore 
in order to satisfy the needs of each person 
we would need 12% more land of what is 
currently productive), and this has implications 
for environmental sustainability. This also 
means that the country depends on external 
natural resources and that it is in fact in 
“ecological debt”. The increasing pressure 
on natural resources could result in serious 
loses in the availability and quality of 
natural resources (key components of the 
national development); which in turn could 
compromise even more the environmental 
sustainability and the quality of life of 
future generations (Programa Estado de la 
Nación, 2009). 

Forms of industrial use of water includes: 1) 
ingredient in the production processes in 
diverse industries such as bottling of water, 
production of drinks (soft drinks, juices, 
liquors), 2) purification of high technology 
components, and many others, 3) transport 
of products, 4) maintenance and cleaning 
of equipment and infrastructure, 5) in the 
case of the tourism industry a fraction of the 
water is also used for providing recreation, 
and 6) other related uses.  Due to the lack 
of treatment plants, there is a considerable 
impact of industrial (and domestic) residual 
water in the environment (UNA, 2004).  It 
should be recognized, however, the efforts 
of certain sectors of the industry to reduce 
water use and to adopt adequate practices, 
which includes certifications in accordance 
with environmental norms (UNA, 2004). 

FIG. 4. Average Percentage Use of Available Water Resources.
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9.3 The Water Law
The Water Law number 276 of 27 August 
1942 and its amendments regulate all 
matters concerning the ownership, use and 
reuse of water within the territory. There 
is a differentiation of the waters of public 
domain and the ones of private domain. The 
regulation covers common and special uses 
of water (which are given in concession), 
such as public water supplies, development 
of hydraulic power, irrigation, navigation, 
nursery ponds, and other very specific uses. It 
also regulates natural and legal rights of way 
in beaches and maritime zones (but these 
areas also have special law).

The waters in the public domain under the 
Water Act are: seas or territorial waters in 
the extent and terms set by the International 
Law, lagoons and estuaries or beaches that 
communicate constantly with the sea; or 
rivers and their direct or indirect tributaries, 
streams or springs, from their original springs 
in the headwaters down to their outflow in 
estuaries, lakes, lagoons, and seas. In addition, 
it includes beaches and maritime zones, lakes, 
lagoons and estuaries of national ownership, 
the reclaimed land to the sea by natural causes 
or by artificial works, among others. The Water 
Law also establishes that rainfall that falls on the 

premises of a landowner is considered private 
water, and belongs to that landowner as long 
as the water runs through the property. The 
same applies for any gaps or puddles formed 
in the respective domain land, groundwater 
obtained from the owner in its own ground 
through wells, as well as thermal, medicinal 
and mineral water whatever the place they 
erupt.

Invalidating the rules specified in the preceding 
paragraph, the enactment of the Mining Code 
in 1982 impliedly repealed the distinction 
between private waters and public waters, 
maintaining the public character of all waters. 
In the Mining Code, the Article 4 stipulates 
that the sources, groundwater and surface 
water, are reserved to the State and may only 
be exploited by it, or through a concession 
especially given for a limited time and under 
the conditions and stipulations set by the 
Legislature in addition to other resources.  
When companies or industries either public 
or private have interest of exploiting water 
resources in a special way, it should be made 
through a concession granted by the Ministry 
of Environment and Energy (MINAE), the 
entity responsible to establish and deciding 
on the domain of public waters, except in 
regard to drinking water, as the construction 
of pipelines for public use is under the 
responsibilities of the Ministry of Health.

Every aspect related to concessions is 
regulated in Articles 17 to 29 of the law. With 
regard to the competent organ, the MINAE 
exercise dominion and control of public waters 
in order to grant or deny licenses and permits 
for their exploitation. So MINAE is the body 
responsible for implementing this law.

in Spanish). There are guidelines that 
establish special requirements depending on 
the activity under investigation, but currently 
there are no specific EIA guidelines for 
activities carried out in coastal areas, although 
the law includes previsions in several articles 
on marine and coastal resources. In these 
cases general guidance is used and adapted 
according to the characteristics of the project.
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Water is considered by the General Health Law 
5395 and its amendments, as a good of public 
purpose and its use for human consumption has 
priority over any other use. The General Health 
Law provides that it is the State’s responsibility 
to ensure the overall health of the population. 
Also, the Executive branch of the Government 
through the Ministry of Public Health has the 
obligation of defining the national health 
policy, planning and coordination of all public 
and private activities related to health, and 
the implementation of those activities within 

its competence according to law. The Ministry 
has powers to create regulations in this area.

The Health Law defines as potable water, the 
one that meets the physical, chemical and 
biological properties that make it suitable for 
human consumption according to the drinking 
water norms of the Panamerican Health 
Organization approved by the Government. 

Any water supply system for use and 
consumption of the population must 
provide potable water on a continuous 
basis, sufficient to meet the needs of people, 
and pressure necessary for the proper 
functioning of medical devices in use. All 
homes individual, family or multifamily must 
meet health requirements such as having 
adequate systems for sewage disposal and 
storm disposal approved by the Ministry 
of Health. Any natural or legal person is 
obliged to contribute to the promotion and 
maintenance of environmental conditions, 
(being natural and artificial) that allow 
fulfillment of the vital needs and health of the 
population (Article 262). Moreover, actions, 
practice or operations that deteriorate the 
natural environment are prohibited, along with 
those that change the composition or intrinsic 
characteristics of its basic elements, especially 
air, water and soil; producing a decline in 
their quality or aesthetics, or that make such 
commodities useless for some of the uses to 
which they are intended, or produce problems 
to human health, or to the flora and fauna 
harmless to human beings (Article 263). 

Everyone is obliged to implement the 
actions, practices or works provided by law or 
regulations to eliminate or control the elements 

9.4 General Health Law

The Water Law is more than fifty years old, 
which suggests that it’s outdated and unable to 
address modern circumstances and problems.  
Salazar (1998) mentions some of the problems 
of this law: 1) The law was issued primarily 
to regulate water use by private persons, a 
figure was not provided for the allocation of 
water to public entities, 2) the law has a high 
degree of detail that should be delegated to 
a regulation, 3) the law has not been updated 
with some concepts for planning, resource use 
and recovery, which may be deduced from the 
general obligations, but should be explicitly 
identified, 4) some of the rules are not effective 
or efficient, 5) despite the regulations, the 
protection of water resources is not guaranteed 
because the law has no mandatory rules for 
the implementation of decisions, or sanctions 
of sufficient severity to ensure compliance,  6) 
after this law have been issued, other laws have 
reduced the powers of the Water Law to some 
extent, which complicates the administration 
because they are not always clearly defined 
competencies, and 7) The Water Law does not 
have appropriate mechanisms for resolving 
conflicts over water use.
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11. Conclusions
Costa Rica is a country of great contrasts 
regarding the use and conservation of 
water resources, the ecosystems and the 
environment. Over the last 15 to 20 years, 
there has been an increasing concern for 
conserving the forests, soils and natural 
resources that has been recognized 
internationally. However, many serious 
environmental problems from the past still 
remain.  Among all kinds of over-exploitation 
and water quality problems in terrestrial, 
coastal and marine environments, perhaps 
one the gravest is the severe contamination 
of urban streams and aquifers, mainly 
associated with the lack of adequate 
sanitation facilities and the uncontrolled 
growth of these areas. Cleaning the country’s 
land and water in these settings represents 
a significant challenge that will need the 
continuous efforts of many sectors of society 
for several years to come.

of the system, along with other support 
personnel. As an example, the first level of the 
SS could consist of coupled meteorological-
hydrological short range or seasonal forecast.  
This first system would feed a particular impacts 
system, such as an agricultural production 
model. A real additional value would be 
added to the SS if it contains another system 
to provide concrete recommendations to the 
end users and decision makers on what to do. 

This would be done through decision support 
systems (DSS). Examples of DSSs could be 1) 
one that provides information about the best 
crop to grow for each particular year (crop 
rotations), 2) one that suggests adjustments 
to the primes of crop insurances for different 
crops, 3) one that calculates the amount of 
imported water and grass that will be needed to 
support cattle at each particular year, 4) regions 
with a greater probability of experiencing water 
supply problems, and others. Similar DSSs could 
be done for planning (taking into consideration 
climate change and sustainability) and another 
one could be designed for disaster prevention 
or mitigation.

An example of this latter type of DSS 
is currently in operation in the National 
Meteorological Institute (IMN in Spanish), 
called the Central America Flash Flood 
Guidance (CAFFG) system, which was 
developed by the Hydrologic Research 
Center in San Diego. The CAFFG is a flash 
flood early warning system, and consists 
of a hydrological model that is fed using 
rainfall forecasts based on data from satellite 
and surface meteorological stations. The 
hydrological response is later interpreted in 
terms of warnings of different types, such 

that the meteorologist or hydrologist in each 
Central American country can have better 
criteria whether evacuation is justified.

Another example of a system that could 
potentially be used for supporting some 
decisions is the SERVIR (Latin America) 
system (http://www.servir.net/america-latina-
caribe) , which is a centralized repository of 
all kind of information about natural disasters 
in Latin America and the Caribbean, including 
some meteorological and hydrological 
forecasts. SERVIR, however, does not provide 
information about the possible impacts of 
the hydrological forecast on different sectors 
or specific suggestions to decision makers 
about what to do with this information. 

COSTA RICA



300

On average, Costa Rica only uses a very small 
percentage of its available water, which may 
erroneously give the impression that there 
is an immense amount of water everywhere 
that could potentially be further exploited 
for human consumption. However, when the 
necessities of water for many uses including 
the sustainability of natural resources that 
would provide ecosystem services to support 
adequate socioeconomic development are 
considered, it is entirely possible that in 
some regions,  “water scarcity” and over-
exploitation is or will be a reality in the near 
future under the current characteristics and 
management of the system.

Optimizing water resources management 
and planning could help increase the 
amount of safe exploitation of water for 
domestic, agricultural or industrial use, but 
more and better integrated studies and 
projects are needed to be developed to 
determine this.

Developing integrated watershed studies 
that feed decision support systems, for water 
management, water planning and climate-
induced disaster preparedness and mitigation, 
along with other related actions such as the 
development of an enforceable territorial 
ordination plan can help save lives, guarantee 
sustainability, protect and reduce the impact 
of human activities on natural resources and 
ecosystems, reduce socioeconomic impact 
of climate variability, help optimization of 
limited economic and human resources, help 
adaptation to climate change, help to prepare 
for extreme hydrological (floods and droughts) 
and protect vital infrastructure. Such systems 
are necessary due to the complexity of 
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integrated managing and planning for water 
resources, especially in Costa Rica, where 
laws and institutional framework governing 
water resources management are sometimes 
inadequate for addressing modern problems. 

This adds new challenges to the organization 
of a consensual integrated solution of 
problems.  In addition, the benefits for 
society of these systems surpass by far 
the implementation and operation costs.  
More economic studies are needed to 
evaluate not only the benefits and costs of 
implementation, but also the no-action costs 
to society. This will help securing funds and 
establishing priorities under limited budgets.

Even that hydrology is an applied science, 
there seems to be a need for a better 
connection of a large part of academic, 
governmental institutions and industry 
research with stake-holders (government, 
decision makers, local governments, non-
governmental organizations and the 
community). This is even a challenge in some 
other regions of the world that have more 
economic resources (and are generally better 
organized) than Costa Rica. Therefore this 
limitation actually stresses the importance 
of optimizing the transference of (hydro) 
climatic information and knowledge obtained 
through the academia, the government and 
the industry’s research into concrete benefits 
to the society in developing countries.  
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2. Water Uses. Assigned 
Percentages for each Use

3. Water and Agriculture

Hydraulic resources planning in Cuba is 
established on legal bases (Legislation 
Chapter), and has its punctual expression in 
each surface source, reservoir or non regulated 
flow, in each well, and in each underground 
basin, for each user, both for irrigation and 
for supply to population, industry and cattle 
raising. It includes ecological needs.

Different water uses in Cuba are not 
competitive among them.

The system for annual planning respects 
established priorities, where population 
supply occupies the first place. Distribution 
and integral management of assigned 
volumes includes the joint use of surface and 
groundwater.  FIG. 2 shows the water volume 
planned in 2009. 

FIG. 2 Hydraulic Resources planned
to be used in 2009 3

The area with agricultural purposes, in Cuba, 
is 6,619.5 thousand hectares (Tha). By the 
end of 2007, cultivated surface was 2,988.5 
Tha; of which, 60.1 % are remaining crops and 
39.7 % temporary crops. Sugar cane occupies 
1,141.1. Of the non cultivated agricultural 
area, 2,398.2 Tha correspond to natural 
grazing land.

Up to 1959, irrigation had been developed in 
small lots, concentrated close to rivers or with 
sufficient groundwater availability. The total 
area under irrigation existing in that period 
was 160 Tha, which benefited crops like rice, 
sugar cane, potato, and other vegetables. 
Irrigation technologies were obsolete, and 
almost all the land was irrigated using very 
rudimentary superficial methods. Scarce 
existing irrigation systems by aspersion were 
portable equipment, belonging to some 
farmers with higher economic possibilities. 
Water reservoir volume, in these years, did not 
reach 50 million m3 and was used for population 

1,000 and 5,000 m3/inhab/year), for any selected 
resources in indicator assessments (potential or 
exploitable). However, specialized bibliography 
has recognized that this indicator is more a 
reflection of water relative richness, starting 
from its main natural sources –rainfalls, in Cuban 
case–, than the own hydraulic development of 
a country.

In Cuban case, this is evidenced through the 
results reached in the last Study on Rainfalls in 
Cuba (2006) that determines a mean national 
rain depth of 1,335 mm.

Recent researches applying the “Water 
Footprint” Indicator2 are putting Cuba in 
place 30 among a group of 142 countries, 
with values of 1,712 m3/inhab/year.
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supply and sugar cane irrigation, mainly. As a 
result of the “Hydraulic Will” effort, a wide 
construction program was developed in the 
hydraulic sector in an accelerated fashion. 
With the goal of increasing food productions 
for population consumption and the 
technological development in agriculture, 
an irrigation system construction program 
was implemented. 

It made possible an increase in irrigation 
area from 160 thousand hectares, by the 
end of the 1950’s, to near one million 
hectares at the end of 1989. 

In the 1990’s, there was a strong impact 
of economic declination on agricultural 
development, strengthened by the economic 
blockade from US government, together with 
changes in Cuban commercial conditions 
and affairs with Eastern European countries. 
There was an important decline in irrigation 
areas; therefore, in 2000 these areas were 
only 553.1 thousand hectares (73% with 
respect to 1983). 

Higher impacts were produced in sugar 
cane irrigation and cultivable graze lands, 
with a reduction of 227.0 thousand hectares 
and 72.8 thousand hectares, respectively. 
However, an increase of 60 thousand hectares 
occurred in irrigation areas devoted to 
produce vegetables and beans. Dynamics of 
irrigation areas from 1959 to 2009 is shown 
in FIG. 3.

At the end of 2009, irrigation areas reached 
500 thousand hectares approximately; 
15.9% of which are irrigated by aspersion 
techniques; 5.3%, with machinery; 6.3% by 

local irrigation techniques; 60.9% by gravity, 
and 1.5% by other techniques. Gravity 
irrigation techniques have been the most 
commonly used and the least efficient (4).

From the water volume planned for all uses 
in the country, 50.0% is devoted to irrigation. 
Rice is the crop of higher demand (38.9 % of 
the volume planned for irrigation and 21.0% 
of the volume planned at national level).

The current and prospective program 
for main crops is based on a reduction of 
the continuing deterioration of irrigation 
systems, and irrigation areas in general, 
with the purpose of maintaining the current 
areas in optimal conditions, with a view to 
increase irrigation productivity and water use 
efficiency. The main actions are summarized 
as follows: 

a) Beginning the Electrification of Irrigation 
Systems: It reached 160 thousand hectares in 
2008. 

b) Introduction of science and technological 
innovation results: Research centers related to 
the irrigation sector are presently working on: 

FIG. 3 Dynamic water under irrigation
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•	 Search for seed varieties more resistant 
to external factors, and with lower water 
requirements;

•	 Application of technological solutions 
(shows evident results at present in crops 
like potatoes, with higher productivity 
and efficiency in water use). 

c) Development of national industry to 
increase the use of irrigation techniques: as 
a way to increase its productivity.

d) Increase in agriculture production, 
starting from deep transformations in its 
structure: decentralization of production: 
from bigger enterprises to other ways of 
individual or collective production, such as 
small enterprises, cooperative production 
and others, depending on crop type and 
available resources, aiming at an increase in 
agriculture production. 

Nowadays, Cuba produces the elements for 
irrigation systems, both punctual and using 
machinery, even with the existing limitations as 
regards financial resources and market access.

Development of “Organoponics” 
(or popular vegetable gardens 
using organic fertilizers)
Their development began in 1994, mainly for 
vegetable production, by means of a popular 
movement for urban agriculture. 

For their own interest, a great number of 
persons and families have been incorporated, 
to produce food in each available square 
meter in cities, towns and other settlements, 
under the principle of sustainable agriculture. 
In these “organoponics”, vegetable gardens 

4. Water and Industry

and small plots, by the end of 2009 it was 
reached 15088 ha under irrigation: 45.2 % 
with aspersion technique, 16.7% by gravity, 
10.6% punctual and 27.3% by using other 
techniques. Nearly 177.7 ha are located in 
crops houses.

In Cuba industry demands great volumes 
of water and, at the same time, produces 
effluents whose management, in many cases, 
affects the quality of this vital resource. Cuban 
industries are supplied in two ways: exploiting 
water sources administrated by themselves, 
or through municipal or local aqueduct 
systems. In both cases, they have the legal 
obligation of paying a fee, as well as for the 
sewerage service if provided. An additional 
tax must be paid if the assigned consumption 
is exceeded, which varies according to the 
users, territories or watersheds, depending 
on water balances and the economical and 
social needs. 

During the period 2002 -2009 were executed 
assessments with cleaner production (CP) 
approach, in plant and in several industries. 
The results obtained with respect to their 
performance, as regards water management, 
as successful cases studies of CP strategies 
application, in Table 2 are shown. 

These benefits were obtained by applying 
measures such as: training of workers; 
installation of water flow meter; improve in 
cleaning system; substitution of freezing system; 
recovery of condensed water, and waste water 
reuse. In spite of these goals reached, cleaner 
production practices, and its application in the 
Cuban industry is insufficient.  
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Food industry Biotechnology 
industry

Sugar cane 
agro-industry

Fruit agro-
industry Total

Water 
consumption 
reduction

Environmental 
benefits
(m3 of saved 
water)

 2 277 000 173 850 2 720 505 469 774 5 652 495

Economic 
benefits (USD) 683 100 173 850 811 453 131 650 2 426 683

Polluting load reduction
(t COD) 18 280 44 42 133 5  055 65 589

COD: Chemical Oxygen Demand.  Source: National Cleaner Production Network, 20074

Table 2. In Selected Industries: CP Approach Application.  Results of  Plant Assessments

5. Water for Human Consumption. 
Quantity, Quality and Access

At present, all the stakeholders endeavor to 
achieve a sustainable water management in 
Cuban industry and agro-industry, through the 
promotion of measures such as: 1) integration 
of water management to the industry’s 
economic management; 2) environmental 
education and training of the personnel; 
3) installation of flow meters in industries 
with higher water consumption, prioritizing 
highest users;  4) determination of national 
and sector consumption indexes, taking into 
account the peculiarities of each industry; its 
comparison with  similar foreign enterprise , 
5) effective application of the environmental 
management instruments existing in the 
country (environmental legislation; system of 
environmental recognitions and certifications; 
System for  Enterprise Direction and 
Management), to improve national industry 
performance, related to water management.

The Cuban State guarantees the development 
of potable water and sanitation systems, 
through a National Action Program executed 
by the Instituto Nacional de Recursos 
Hidráulicos, INRH. This allows increasing 

water access cover to all sectors of economy 
and society. At the end of 2008, population 
access to potable water was 92.4%, with the 
structure shown in FIG. 4, with a total of 2,253 
aqueducts.

FIG.4  Water Supply Coverage 2008

Selected indicators appear in Table 3, for 
urban and rural sectors, corresponding to 
the period 2000-2008, and FIG. 5 shows  the 
dynamic of potable water supply cover by 
sectors (urban, rural) from 2000 to 2008. Water 
Quality Indicators respects to chlorination (%), 
at level of country, in 2008 were: continuity 
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Indicator 2000 2001 2002 2003 2004 2005 2006 2007 2008

Total Population 
Served 90,3 91,1 91,2 91,2 91,6 91,6 92,1 92,4 92,4

House Connection 
(%) 71,1 71,9 73,4 73,4 73,2 73,2 74,4 74,6 74,6

Public Service (%) 7,4 6,2 5,7 5,7 5,8 5,8 6,4 5,4 5,4
Easy Access (%) 11,8 13,1 12,1 12,1 12,6 12,6 11,3 12,4 12,4
Urban Sector (%) 96,3 96,4 96,5 96,5 96,3 96,3 96,8 96,9 96,9
House Connection 
(%) 82,4 83,1 84,8 84,8 84,9 84,9 86,7 86,9 86,9

Public Service (%) 5,1 4,4 3,4 3,4 3,5 3,5 3,6 3,4 3,4
Easy Access (%) 8,8 8,9 8,3 8,3 7,9 7,9 6,6 6,6 6,6
Rural Sector (%) 72,2 75,3 75,5 75,5 77,3 77,2 77,7 78,3 78,3
House Connection 
(%)	 35,8 36,8 38,0 38,0 37,0 37,0 36,5 36,8 36,8

Public Service (%) 15,4 12,2 13,1 13,1 13,0 13,0 14,8 11,5 11,5
Easy Access (%) 21,0 26,3 24,4 24,4 27,3 27,2 26,4 30,0 30,0
Source: INRH Statistics, 2008

Cuba Benefit 
Population 
1990-2008 
(inhabitant)

Fulfillment
%

Without 
Coverage
(2008)

Fresh 
Water

1,102,605      112.4 859,230.00

Sanitation	 734,686      122.0 470,137.00

6. Terrestrial Waters Quality

Table 3  Selected Indicators of Water Supply Cover by Sectors

of chlorination: 98.4%; treatment percent of 
served water to treat: 97.2 %; Bacteriological 
Potability Index: 94.9 %.

Taking into account the incidence of these 
activities on health and quality of life of rural 
and urban population, since last century’s final 

FIG. 5. Water Supply by Sectors. Coverage 2000-2008

decades a National Action Plan was identified 
and is being developed, closely related to 
existing commitments to accomplish the 
Millennium Goals as regards water and 
sanitation issues. A summary of the analysis 
carried out in relation to these goals, for the 
period 2000-2005, appears in Table 4.

Table 4. Water and Sanitation with Respect to 
Millennium Goals 1990-2008

About 67% of Cuban territory is constituted 
by carbonated rock complexes. To a great 
extent, these rocks are karstified and with a 
high aqueousness degree (between 10-300 
l/s). An 11% of karstified rocks, aquifers also, 
present a variable aqueousness between 1- 

CUBA





313

7. Water in Urban Areas

•	 Operation, maintenance and construction 
of treatment and reuse systems for 
wastewater generated in industrial 
processes and social development.

•	 Cleaner Production practices are gradually 
introduced in industrial activities, with the 
purpose of reducing water volumes used in 
industrial processes as well as recycling it.

•	 Inspection Units from different state 
institutions establish their control plans 
(Environmental Authority, National 
Institute of Hydraulic Resources, Public 
Health, and other). Systematic inspections 
to polluting sources are carried out, 
with view to evaluate and report on the 
effect of wastewater disposal into the 
environment.

•	 Increase in capacity building for 
professionals, technicians and qualified 
workers that are involved in the operation 
of wastewater treatment systems, as well 
as decision-makers related to terrestrial 
water quality protection. 

•	 Systematic monitoring of surface and 
ground waters, according to their uses, 
and depending on the impact caused by 
wastewater disposal.

All these actions are focused not only on 
assessing wastewater environmental impact 
in receiving bodies, but also on establishing 
measures for its mitigation or ultimate solution, 
by means of good practices for operation 
and maintenance, and determination of the 
required investment.

Cuban population structure is essentially 
urban: 76% resides in settlements comprised 
in this sector that includes 157 important 

administrative centers, 46 of them under the 
category of city. Many years of technologic 
setback, along centuries, accumulated an 
infrastructure that needs to be renewed in a 
great proportion, to reach service levels that 
can satisfy the needs, taking into account 
that potable water supply service is a basic 
indicator related to both human survival and 
hygienic conditions and well-being. Cuba has 
incorporated these primary rights into its social 
programs. For this reason, since the 1960’s, a 
program addressed to extend these services 
to all the population was established for the 
whole country. Working in this direction, Goal 
10 of the “Millennium Development Goals” 
(Reduce by half the proportion of persons 
lacking sustainable access to potable water 
for 2015) was already reached in Cuba since 
1995, which constitutes an achievement. 
At present, 94.5% of the population has 
sustainable access to potable water, with a 
reduction close to 3/4 parts of the population 
without this service, with respect to 1990.

It was necessary to devote substantial material 
and financial resources, to reach this goal, 
since the situation of potable water service at 
the beginning of the 1960’s was precarious: 
of the 300 urban core existing at that time, 
only 114 had aqueduct service systems that 
provided access through pipelines to 3.3 
million inhabitants (6.5 million inhabitants, 
approximately, existing at this time in all 
country). Water supplied through aqueducts 
was estimated to be 200 million cubic 
meters per year, and approximately 50% 
received purification treatment, through 16 
chlorination facilities and 4 purification plants.
Nowadays (2008), 96.9% of the population 
in urban areas has access to potable water 
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(detectors, monitors, controllers, network 
rehabilitation, new pipelines); in water 
treatment (desalinization plants, purification 
plants, products), and in the commercial 
area (automated systems for invoicing and 
accountability). Input and output measuring 
equipment in treatment plants are inspected; 
networks are supplied with pressure 
gauges to control any variation, more or 
less important, in the system; permanent 
attention is given to leakage detection and 
locating in pipelines of the water distribution 
network, as well as to their timely repair; 
improper water uses are controlled by users, 
on the basis of the Program for Water Saving 
and Rational Use (PAURA, in Spanish).

A good example of this is found in Aguas 
Varadero Company, with a semi-automated 
operation system and reduction in loss 
levels, the best in the country.  This system 
guarantees the continuous service of potable 
water supply, with an appropriate pressure, 
and has increased the treatment of served 
water up to 100%. It also reuses the treated 
sewage waters in irrigation (for gardening). 
This system constitutes a reference for other 
water supply enterprises in the country.  For 
this reason, in Cuba, financial support to 
hydraulic infrastructure has been gradually 
transferred from a practically exclusive state 
budget support toward a revenue system, 
based on the application of rates that have 
a differentiated structure: domestic users 
are partially subsidized by industrial and 
commercial clients, in such way that positive 
commercial balances can be obtained. 
Additionally, in the country there is the 
current peculiarity of a double rate system: 
one in domestic currency and the other one, 

in convertible foreign currency. Revenues in 
convertible foreign currency allow financing 
the import expenses and some specialized 
services. All the above mentioned shows 
the magnitude of the effort and resources 
that are devoted to the important objective 
of increasing the quality of water supply 
services to population and economy, besides 
their significant impact on water and energy 
saving, with a higher efficiency.

With this purposes, in spite of existing 
financial and material limitations, the country 
is working on various objectives, such as:  
•	 Network rehabilitation, in capital cities 

of provinces. The program began with 
Havana City and was extended to the 
rest of country, prioritizing four provinces 
located in western part of country. Three 
pipeline factories were installed and 
are currently in production, specialized 
equipment were acquired, as well as 
connection pieces, etc., and working 
teams (brigades) were created with 
qualified personnel.

•	 Rehabilitation of pumping stations and 
increase in energy efficiency. The Program 
includes the installation of 2,629 efficient 
pumping equipment that substitute 
the old, highly energy-consuming 
equipment; those that present breaks 
without solution, and also, will complete 
the reserves of the main water supply 
sources. With this program, the country 
will save more than 134,000 Mw-h /year, 
equivalent to more than 15 million CUC 
(Cuban convertible pesos). 

•	 Other actions: Construction and 
rehabilitation of purification plants; 
infrastructure modernization, introduction 
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important tourist areas, thus saving potable 
water that can be used for other objectives. 
Concerning rural population, 4.28 % is 
connected to sewage systems and 85.76% 
has septic tanks and latrines, benefiting a total 
of 90% of the population.  There has been 
an increment in this indicator with respect to 
2000, due to the application of simple project 
solutions, which allow reaching sustainability 
by using more economical materials and 
reaching wide community participation from 
the beginning of the program, in its design, 
construction, repair and operation; and by 
means of the participation and collaboration 
between the different government instances 
and NGOs.

The strategy of basing this program on the 
employment of alternative technologies 
and materials, as opposed to conventional 
technologies, has demonstrated its 
effectiveness. Among them, Low Cost Sewage 
Systems (LCSS) have been used in sanitation 
to increase service cover. Consequently, 
morbidity rates by illnesses of water 
origin have decreased, besides improving 
environmental conditions in the area, which 
means an increment in the population’s 
standards of living and quality of life. The 
LCSS are developed with a great community 
acceptance, precisely as an effective 
alternative that reduces expenses originated 
by the excavation of deep trenches, 
construction of big inspection holes, use of 
a great number of large-diameter pipelines, 
need for mechanical equipment (with the 
consequent increase in fuel consumption) 
and other supplies, as well as the effort of 
qualified personnel, affectations to road 
network during construction, among other.

Other new alternatives are:
•	 Simplified Sewage System Networks: 

operate as the conventional ones, but 
with modifications in the design criteria, 
and simplification and minimization in the 
use of materials.

•	 Simplified Sewage System in 
Condominium Regime: This variant is 
a system of connections in horizontal 
property regime within a block (road 
segment of about 50m, approximately). 
They are designed so as to adapt to the 
backyards and common areas, in order to 
reduce network length inside and out of 
the houses.

•	 Decanted Sewage System Networks: 
Their distinctive characteristic consists of 
a solid interceptor tank, located between 
the house and the sewage system 
network. It is usually a septic tank that 
can receive wastewater input from one or 
more housings.  

Wastewaters
The prevailing wastewater treatment 
systems, and those that are being gradually 
introduced for terrestrial water protection 
and management activities, are the following:  

•	 Treatment plants for domestic and mixed 
wastes, built in the main urban-industrial 
nuclei. These plants are composed of 
a group of unitary processes devoted 
to the preliminary, secondary, and 
tertiary treatment (final sedimentation, 
chlorination).

•	 Compact treatment plants for domestic 
wastes, designed and built both in Cuba 
and abroad.

•	 Treatment plants for wastes from the 
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metal processing industry.  
•	 Stabilization ponds (facultative, anaerobic 

and aerobic), built in series or isolated, 
for the treatment of domestic wastes 
from small population settlements or 
the agricultural sector. For instance, 
for small communities, as a secondary 
final treatment of previously treated 
pig wastes, and other similar ones. 
INRH system methodically controls and 
evaluates the total of ponds.  

•	 Constructed Wetlands, recently 
introduced for domestic waste treatment 
in small population nuclei. 

9. Water and Human Health 
Waters used for human consumption, those 
for recreational purposes, and wastewaters 
used in agriculture or aquaculture should 
receive adequate treatment. They require 
constant surveillance, in accordance with the 
national standards established in each country. 
However, developing countries tend to 
adopt water quality guidelines and standards 
formulated by developed countries; although 
the risks, habits of the population and 
climate conditions are different. Measures 
to guarantee the covering of potable water 
and basic sanitation are continually increased 
at national level. Nevertheless, there are 
situations that can affect water quality, mainly 
if the basic requirements are not fulfilled, such 
as accessibility, availability, quality, quantity 
and continuity of service for the population.

In Cuba, morbidity by gastrointestinal 
infectious diseases still occupies the second 
cause in the demand of medical care. 
According to official information6, in 2007 
morbidity rate per a thousand inhabitants 

reported for medical care was 61.6, caused 
by acute diarrheal diseases, with  higher 
incidence rate in children under five years 
of age (1,062), which indicates that these 
illnesses still affect the population and could 
be associated to water quality, hygiene and 
basic sanitation.

During 1996 and 1997, a study was carried 
out in 31 Cuban cities with more than 35,000 
inhabitants7, with the objective of establishing 
the epidemiological relationship between 
water quality and acute diarrhea diseases. 
The proposed indicators were indexes for 
drinking water disinfection and potability, and 
the medical care for acute diarrheal diseases. 
In 1996, disinfection index at national level 
reached 72.4%, and in 1997 it was 74.8%; 
while the potability index was 87.0% and 
76.5%, respectively. An inversely proportional 
behavior was found in the epidemiological 
relationship among these two indexes and 
the medical care for acute diarrhea diseases. 
Knowing the quality of potable water in the 
main cities of the country, this study allowed 
stratifying the risks of non safe water in 
three risk groups: high, moderate and low. 
Stratification facilitated the preparation of 
specific measure plans, and the establishment 
of priorities that there were jointly analyzed 
with local authorities. 

More recently, in a transversal analytic 
study developed in May and November, 
20058, in three sentinel sites in the country 
(municipalities of Santiago de Cuba, 
Cienfuegos and Havana), diarrheas prevailed 
in 10.8%, being significantly higher in 
summer than in winter. Of them, 33.5% 
was associated to food consumption and 
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28.7% to water. In addition, 27 risk factors 
were studied in relation to occupation, 
water, food, possession of animals, trips and 
housing conditions. Statistical association 
was obtained in six factors related to food 
(acquisition of products in agricultural 
markets, not washing fruits before ingestion, 
not using differentiated surfaces, and not 
washing these surfaces before used, in places 
where raw meats and vegetables are cut; 
buying eggs more than seven days prior to 
their consumption and maintaining them at 
environment temperature at home). Three 
were related to water (consumption of water 
that does not come from aqueducts with 
treatment, water delivery cycle every two or 
three days, and direct consumption of water 
from the distribution system), one was linked 
to trips (travel to other municipalities inside 
the province), three to possession of animals 
(possession of pets and other animals), and 
other five associated to housing conditions.

10. Water and Economy  
Between 1990 and 1994, Cuban economy 
experienced a strong fall of 33% of its GDP. 
Since 1994, it began a gradual and slow 
recovery that continues at present. While 
the GDP grew in almost 34% from 2004 
to 2007 in the country, expenses in INRH 
systems increased in 82%. Investments 
were more than doubled in that period. 
This fact demonstrates the priority granted 
to this sector within the economic policy of 
the country. Self-financing of the hydraulic 
sector, through its enterprise system, assures 
operation expenses and maintenance of 
the Enterprise Groups that are in charge of 
aqueduct and sewage system activities (water 
and sanitation), use of hydraulic resources 

(dam operations), engineering and logistics, 
and hydraulic work projects. Investments in 
hydraulic infrastructure are financed through 
the State central budget. Revenues from fees 
and other benefits, from the population as well 
as the company sector, have been growing in 
proportion to service increments.  In 2007, 
they reached about 600 million pesos; part 
of them in convertible foreign currencies, in 
accordance with the dual monetary system 
(Cuban Peso, CUP; and Cuban Convertible 
Peso, CUC) existing in the country. This 
mechanism facilitates to cover operational 
and maintenance expenses in convertible 
currency incurred by the different companies 
belonging to INRH. 

“There is scarce evidence that governments 
in developing countries are reinforcing their 
budgets related to the water sector”9.  Just 
all the opposite has been occurring in Cuba, 
as it can be perceived from the previous 
information. Bases are being created to 
guarantee higher development levels in this 
sector for the next years. For that purpose:
•	 Three factories of high-density 

polyethylene (HDP) pipelines have been 
installed, with an investment cost higher 
than 19 million pesos (90% corresponds 
to convertible foreign currencies). These 
are high-technology factories, with a 
processing capacity of more than 25,000 
tons of resins per year, and they will 
cover 100% of the current needs in the 
country. To complete these investments, 
injection and thermo-fusion machinery 
have been contracted to produce 
parts and accessories, for more than 
7 million USD. For the coming years, 
HDP resin production is foreseen as 
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part of the development of the national 
petrochemical industry. It will cover 
national needs for pipeline and parts 
productions.  

•	 Purchase of construction and 
transportation equipment to reinforce 
the constructive capacity of INRH 
enterprises. 

•	 Acquisition of 700 power generators, 
with capacity of approximately 125 MW. 
These generators are able to protect 
648 important objectives belonging to 
the water distribution system, in case 
any failure occurs in the national electro-
energetic system. The installation of 
these generators is 90% fulfilled in the 
whole country, and their acquisition cost 
was about 48 million USD. 

•	 As part of the National Energy Saving 
Program, 2,672 water pumping 
equipment of high energetic efficiency 
have been purchased in the hydraulic 
sector. They are in the final installation 
phase, and will substitute a similar 
number of inefficient equipment, in 
different aqueducts of the country. Their 
cost has been close to 45 million USD, 
but they will save 15 million USD / year (in 
terms of energy saving). Moreover, they 
will benefit water supply service in quality 
and quantity.

•	 Acquisition of about 270,000 water 
pumping equipment of low energy 
consumption to be installed in housings 
with more than one floor. They are 
in the final installation phase and will 
substitute inefficient equipment, with the 
subsequent increment in energy saving, 
while improving water supply service to 
the population.

Drought  Effect Mitigation Program. This 
Program has been executed for some years. 
It consists of water transfer construction 
(among basins and provinces); rehabilitation 
of hydraulic networks and pipelines; 
construction of new aqueducts and treatment 
systems, among other.

11. Water for Energy and 
Impact of Dams
The use of water energy in Cuba, as a source 
for electricity generation, dates back to 
the beginning of last century, when small 
hydroelectric plants were put in exploitation. 
Their ruins still remain as samples of the 
traces of hydraulic energy use for different 
purposes, especially, in coffee plantations and 
to operate grain mills. The 1980’s marked the 
real beginning of the studies, construction 
and development of the hydro-energetic 
activity in the country, due to fuel shortage 
and increase in its prices in the international 
market. The need to take electricity to small 
communities in remote mountainous areas 
found in this source a viable way, whose 
use was considerably intensified with a wide 
program directed to its development and 
maintenance, with the purpose of elevating 
the standards of living of these residents and 
substituting diesel plants.   

Current Situation (2008). Classification 
by power ranges (according to the Latin 
American Energy Organization). Cuba has 
137 micro-hydroelectric plants, 35 mini-
hydroelectric plants, 7 Small Hydroelectric 
Power Stations, and one Big Hydroelectric 
Power Station, for a total of 180 facilities 
(including 31 stations that contribute energy 

Hydroenergy.
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conservation of soils, flora and fauna, and the 
whole rich potential of nature”. (Consulted 
Legislation).  It should be highlighted that Law 
No. 33, “Of the Protection of Environment 
and Rational Use of Natural Resources” 
had been promulgated on January 10th, 
1981, establishing the basic principles for 
environment conservation, protection, 
improvement and transformation, and the 
rational use of natural resources. It was 
pointed out that these resources comprise 
mainly terrestrial waters, among other. 

Within legislative improvements in the 
country, and the need to deliver a juridical 
instrument to regulate the increasing activity 
regarding terrestrial waters, in agreement 
with the policy of natural resource integrality 
that the State promoted, Decree Law No. 138 
“Of the Terrestrial Waters” was promulgated 
on July 1st, 1993. 

This Decree, still in force, had the objective to 
develop the basic principles established in the 
Constitution of Cuban Republic and in Law 
No. 33, accompanied by other ordinances for 
its best application, among which stand out:  
•	 Decree No. 199, of April 10th, 1995. Set in 

force the Contraventions of Regulations 
for the Protection and Rational Use of 
Hydraulic Resources.

•	 Decree No. 211 of August 9th, 1996. Of 
the Contraventions of Regulations on 
aqueduct and sewage services.

•	 Resolution No. 25 (Ministerial), of 
October 27th, 1993. Set in force the 
Rules for State Inspection in hydraulic 
resource issues.

•	 Resolution No. 67 (Ministerial), of May 15th, 
1990. Defines the necessary measures to 

protect “Vento” Basin (source of water 
supply to the Havana’s population). 

•	 Resolution No. 24 (Ministerial), of May 
8th, 1999. Approves and sets in force the 
sanitary or ecological spending of natural 
water courses interrupted by constructed 
reservoirs.

The promulgation of Law No. 81 “Of the 
Environment”, dated on July 11th, 199710 that 
derogates the previous text in environmental 
issues, determined the need to begin a review 
of the Decree Law in force in relation to waters, 
in order to adequate it to the juridical system. 
This work has not concluded yet; however, 
it has been decided the promulgation of 
complementary ordinances that allow its 
best application.  An outstanding juridical 
instrument, due to its significance to manage 
and protect hydraulic resources in Cuba, has 
been the creation of the National Council of 
Hydrographic Basins (April 1997), supported 
by Agreement No.3139 of the Executive 
Committee of Cuban Council of Ministers. 
This Council is the maximum coordinating 
government body, in aspects related to 
planning and management of hydrographic 
basins in the national territory11. The results 
of its performance have allowed enriching 
the concepts related to the integrated 
management of basins, as nucleus of the 
National Project on Integrated Management 
of Hydrographic Basins, began in 2008. 
Recently, the Council of Ministers approved 
the Decree No. 280/2007, March, 2007, that 
in its chapter III institutionalizes the National 
Council of Hydrographic Basins. 

As complementary instruments, there are legal 
ordinances addressed to the predominance  
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FIG. 11. The fountain “La India” (Indigenous girl) or 
“Noble Habana” (noble Havana) photo by Richard 

Molina, Environment Agency, Cuba.

Omi tutu: Fresh water (in order to achieve) 

Ana tutu: Fresh brain

Tutu  
Laroye: 

Fresh Elegguá (deity described as 
mischievous in the Yoruba pantheon. A 
kid owner of the road, who daily opens 
and closes the roads of all mortals)

Tutu Ilé: Fresh house

Source: Leyda Oquendo B. personal communication
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Potable Water 
and Sanitation 
in the Dominican 
Republic

Academia de Ciencias de la República 
Dominicana

Since antiquity until our present day, human 
beings have settled at the main river banks 
since it is absolutely indispensable for life and 
there is no way any form of life can live without 
this molecule which on uniting two hydrogen 
atoms with one atom of oxygen also unites 
the individuals that share a neighboring space 
near a river flow.

Beginning slighly more than five thousand 
years ago, the Egyptian dynasties grew and 
flourished along the torrential River Nile, 
which governed a dozen pharohs which 
settled in their palaces, their temples, their 
monuments and their tombs in the vicinity of 
the Nile River, but sometimes it is only those 
who live in the desert provide a real value to 
water as the source of life.

During the past century world population 
tripled, while the consumption of water 
increased sixfold, it is thus estimated that for 
the year 2025 some 460 million people will 
be living in countries that have water problems 
because six million of the planet’s inhabitants 

1. Introduction

today use 54% of all available fresh water in 
rivers, lakes and subterranean aquifers, and 
although 70% of the planet is covered by 
water, this volume is barely made up by 3% of 
fresh water, with the limitation that two thirds 
of fresh water is frozen on the polar caps, with 
the only 1% of the remaining total available 
for consumption while the population grows 
and grows and water contamination increases 
and increases.

However, the accelerated population 
growth and the economic limitations of 
the vast majority encourages hundreds 
of thousands of people to live along the 
banks of rivers, streams and ravines, without 
adequate potable water service and without 
sanitary sewage, provoking the growing 
contamination of surface waters that convert 
rivers, streams and ravines into true urban 
sewers, which makes people to make use of a 
smaller potable water supply, implicating high 
treatment cost and marketing costs, which in 
the future will convert potable water into a 
commodity available only within the reach of 
the wealthy.

The lack of a sanitary sewage system has led 
cities like Santo Domingo use toilet water  
through draining wells that unload feces 
in the same subterranean waters that we 
collect in drill wells, while poor people  that 
live by the river, steams and ravine banks and 
ravines and which generally defecate at the 
river banks for lack of latrines, contaminate 
surface water with bacteria (Vibrio cholerae, 
Escherichia coli, Salmonella) and in that 
manner transmit diseases such as Cholera, 
Salmonella and Amebiasis, to the extreme 
that today the Dominican Republic is on red 

R. Osiris de León
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alert due to the presence of Cholera in the 
country’s main rivers.

In the same manner, the social and 
environmental struggle against the installation 
of a cement mining operation would 
contaminate the hydro geological region of 
Los Haitises,  a struggle in which the people 
defeated the government, provides evidence 
that the Dominican Republic is beginning 
to create awareness on the need to protect 
water quality, but government awareness is 
still lacking for the adequate management of 
residual waters, garbage and urban growth 
along river, streams, ravines, lakes and 
lagoons, and entrepreneurial awareness to 
stop depredation and contamination.

Upon evaluating fresh waters we find that 
68.7% are found in glaciers and polar caps 
and is not available, 0.26% is in lakes, 0.006 
is in rivers, 0.043% is in the atmosphere and 
biomass, and a very important 30.10% is 
located in subterranean aquifers, which is to 
say, that of the total fresh water available, 
96% is subterranean waters, which in the 
last decades have been over exploited and 
severely contaminated, creating uncertainty 
as to the water for the future.

It is known that a vast majority of countries 
depend to a great extent on the exploitation 
of subterranean waters, which have been 
over exploited by the growth in housing, 
agriculture, tourism and industries in general, 
an overexploitation which has produced an 
accelerated abatement in ground water levels 
and an extraordinary advancement of saline 

2. Subterranean Waters of 
the Eastern Coastal Plains

intrusion in the coastal zones, mainly in the 
tourist zones.

In the case of the Eastern Coastal Plain, 
the main aquifer existing in the Dominican 
Republic where thanks to the vertical drainage 
process given in the cavernous limestone reefs 
that make up an extensive plain which runs 
from Santo Domingo to Cabo Engaño there 
is an annual net replenishment to the order of 
1,100 million cubic meters of water annually. 
In the zone of Boca Chica and La Caleta, the 
ground water levels are very near sea level, 
and a few times are above the height of 1 
m.s.n.m., which explains the important and 
extensive saline intrusion wedges existing in 
the entire zone, where in many stretches the 
hydraulic gradient is inferior to 0.1%.

Within the limestone, transmissibility is very 
variable since in some cases they are superior 
to 8,000 m2/day with storage coefficient 
variables between 0.002 y 0.15.

Generally the ground water abatement 
levels are minimal for the large volume of 
water extracted, which  is the evidenced by 
the aquifer’s great potential although the 
exploitation of this aquifer is limited by the  high 
risk of saline intrusion previously referred to. 

An hydro-geological study conducted some 
years ago by Geofitec, S.A. and which 
covers the area northwest of Boca Chica, 
concluded that:
1	The aquifer Brujelas–Casuí, located to the 

northeast of  Boca Chica, is covered by a 
superior horizon of a clay nature which varies 
between 1 y 48 meter thick, with an average 
thickness nearing 13 meters. 
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On April 15, 2009, when we were consulted 
regarding as to the pertinence of the 
installation of a Portland cement plant in 
the hydro-geological zone of Los Haitises, 
we publicly stated that according to hydro-
geological studies that had been developed 
by the National Institute for Hydraulic 
Resources, NIHR (INDRHI as known by its 
Spanish acronym), in the period 1981-1983, 
in the National Plan for the Investigation, 
Utilization and Control of Subterranean 
Waters,  PLANIACAS (Spanish acronym) the 
region of Los Haitises does not allow any type 
of industry, and much less a cement plant.

In multiple conferences, interviews and 
articles that we wrote and published in the year  

Parameters Sample m1 Sample m2

Alkalinity (mg/L 
like CaCO3)

260.00 120.00

Zinc (mg/L) 0.10 0.03

Chlorides 
(mg/L)

210.00 205.00

Total coliforms 
(CFU/100 Ml)

10.00 6.00

Color (U Pt.Co) 45.00 4.00

Hexavalent 
Chrome 
(mg/L Cr+6)

NA NA

BOD 5 
(mg/l BOD 5)

21.00 5.00

COD (mg/L) 78.00 13.00

Total 
Hardness(mg/L 
like CaCO3)

425.00 240.00

Phosphates 
(ppm)

0.01 NA

Iron (mg/L) 0.20 0.10

Nitrates (ppm) 0.01 0.02

Nitrites (ppm) NA NA

Ammonium-
nitrogen (ppm)

0.02 NA

pH 8.50 8.10

Suspended 
solids (mg/L)

825.00 334.00

Sulfates (mg/L) 0.03 0.02
Total Dissolved 
Solids (mg/L) 402.50 390.50

Note: NA Not Available

4. The Conflict Society 
Government for the Protection 
of Water in Los Haitises

for the supply of subterranean water to the 
zone’s future tourist projects. The dotted 
line in the following map shows the saline 
intrusion zones. Table 1, shows the results of 
studies by us in Boca Chica.

Table 1. Studies in Boca Chica

The waters sampled in the survey indicated 
that the chloride levels were below 
international standards, that is to say, below 
250 ppm, which clearly indicates that there 
hasn’t been any saline intrusion in this area 
that characterizes the northeastern zone of 
Boca Chica where there are exaggerated 
levels of chlorides registered at a depth 
around 65 and 70 meters in the wells where 
the values reached 8,000 and 9,500 ppm of 
total chlorides.

The potential value of hydrogen (pH) is within 
the norm for subterranean waters store in 
the pores of limestone rocks since it varies 
between 8.1 and 8.5, while the biological 
demand for oxygen varies between 5 and 
21 suggesting some low level organic 
contamination.
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built, no one is concerned with the construction 
of a sanitary sewer system that collects sewage 
water and delivers it to a water treatment plant, 
they simply construct two wells, one next to 
the other, and the first is used to discharge the 
water that contains the feces from the toilets  
to subterranean waters and the second well is 
used to extract the same subterranean water 
which we just contaminated with our own 
sewage and no one says or does a thing before 
this grave contamination of our most vital 
natural resource.

Rich residential sectors such as Naco, Piantini, 
Evaristo Morales, La Julia, Bella Vista, Serallés 
and Los Cacicazgos, to cite a few, do not 
have a sanitary sewer system, and its sewage 
containing fecal coliforms are discharged daily 
to the subsoil through the filter wells that 
drain to the same aquifer from where they are 
extracted, through the wells, the waters that are 
used, this is to say that all the wealthy people 
of the city of Santo Domingo brush and bath 
in the same sewage that had been previously 
discharge from their bathroom to the subsoil.

Each time someone brings up this issue with the 
authorities, the response is that a sanitary sewer 
system to cover the entire capital city would 
cost 1,500 million dollars that are not available, 
although the government has invested nearly 
2,500 million dollars in the first two phases 
of the Santo Domingo Metro without this 
investment having resolved or will resolved the 
urban transportation problem.  It is well known 
that contaminated water for lack of a sanitary 
sewer system kills 30 thousand people daily in 
the entire world and that same contaminated 
water annually kills 4 million children worldwide 
with diarrhea of which 1.5 are Hindus.

In Latin America only 6% of the residual waters 
are properly treated, while the remaining 94% 
is converted into a source of contamination 
for surface and subterranean water, which has 
provoked the comeback of Cholera to the 
extreme that more than 400 thousand cases 
have been reported. 

Not for nothing is said in vane that man 
drinks 80% of his diseases, and diseases 
produced from water result in 25 million 
deaths annually, of which a third correspond 
to third world countries such as ours and 
if there are no more deaths we have to be 
grateful for the intense use of chlorine as a 
disinfecting agent of contaminated waters. 
Perhaps the contamination of our surface 
and subterranean waters obeys the new 
private market for water, which annually 
commercializes nearly 150 billion bottles of 
purified water, where Italy and France are 
the lead consumers of this bottled liquid, 
and perhaps because of that international 
organisms such as the International Monetary 
Fund and the World Bank, instead of 
demanding that emerging nations invest in 
the construction of sanitary sewage systems, 
demand and obligate them to privatize water 
services since water represents big business 
at present and in the future. 

FIG. 4. Contamination of Water by Garbage and Leachates
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form of preventing the disease, especially  if 
the cistern also receives well water. This means 
that if the cistern stores 2,000 gallons of water 
you have to pour half a liter of chlorine, but if 
the cistern stores 4,000 gallons of water you 
have to pour a liter of chlorine.

The construction of dams both in the 
Dominican Republic as well as in other parts 
of the world has been occasion of multiple 
controversies which has given rise to different 
criteria among preservation ecologists and 
the environmental followers of sustainable 
development. The controversy is based on 
that the human being has received multiple 
natural resources and should be able to make 
use of them without deteriorating them, in a 
fashion that future generations should be able 
to make use of these same resources in equal 

****************************************************************

HEADLINE NEWS:  El Dia Newspaper, Monday, May 30, 2011

NATIONAL NEWS,  (Inset) German cites the PLD’S commitment: Alejandrina German indicated that in the 

June 26th primaries the PLD should demonstrate to the population that it is the country’s main political force.

Concern: The Minister of Health visited various hospitals throughout the country to insure that the protocol 

is being complied with.

Ozama and Isabela Rivers are contaminated by Cholera

Public Health recommends inhabitants surroundings these water sources not to use water

****************************************************************

7. Dams and their Social and 
Environmental Conflicts

caused by the contamination of surface and 
subterranean waters Vibrio Cholerae bacteria, 
as the result of the absence of sufficient 
latrines in marginal zones and the absence of 
adequate sanitary sewers systems because the 
reality is that surface and subterranean waters 
are easily contaminated in those places where 
there aren’t adequate sanitary services.

A person with Cholera that defecates and 
discharges a toilet can contaminate other 
people in his surroundings when the liquids 
from the filter well contaminate the waters 
capture from the neighboring well.

Government authorities should freely 
distribute chlorine at all the potential Cholera 
contamination sources so that people use five 
drops of chlorine for each gallon of water, or 
one fourth (1/4) of a liter of chlorine for each 
thousand gallons of water in a cistern as a 
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8. The Social and Environmental 
Problem of the Rising of the 
Waters of Lago Enriquillo
Lake Enriquillo, Lake Sumatra and the Lagoon 
of Cabral are three lakes remaining from an 
old marine cannel  that communicated the 
Bay of Neiba with the Bay of Port au Prince, 
in a geological past in which the Sierra 
de Bahoruco was a long limestone island 
separated from the rest of the island of  
Hispaniola.

The push to the northern side of the micro 
tectonic plate of Bahoruco, generated 
compressing effects on the zone of Jimaní 
and created an intermediate cliff in the 
form of an anticlinal fold which divided the 
marine cannel into two large bays, while later 

Cristóbal and western Cibao have water for 
irrigating more than  30,000 hectares through 
the Marcos A. Cabral, Nizao-Najayo and 
PRYN canals, nor would we be able to avail 
ourselves of 204 megawatts installed in the 
hydro-electric turbines of  Jiguey-Aguacate-
Valdesia, nor of the 100 megawatts installed 
in the hydro-electric turbines installed in 
Tavera, without using expensive petroleum 
and without contaminating the environment.  
We should prefer the use of water, the sun 
or the wind to generate electricity instead of 
costly petroleum and is highly contaminating 
upon liberating CO, CO2 and SO2.

In the same manner the Monción Dam was 
originally questioned because it would 
contain the waters from the Mao river, affect 
the regional flora and displace the peasants 
from the zone, however today the aqueduct 
in the northeastern region is a reality thanks 
to the waters stored in the aforementioned 
dam, and in the future the results should 
be more convincing. That is why each drop 
of water should be stored and rationally 
managed during dry spells such as we are 
now experiencing, and that is why it is 
fundamental to invest in the construction of 
dams that allow us to store the surplus water 
from rainfall during the rainy season in order 
to ration it during periods of long droughts.

Within this idea of producing clean and 
cheap energy, it is necessary to prioritize the 
construction of new hydro-electrical centers in 
the basins of  Alto Yaque del Norte, Alto Yaque 
del Sur, Alto Yuna, and Macasía-Artibonito, 
with external financing guaranteed  by its own 
production of energy, and design a new plan for 
the expansion of the national electrical system 

sustained by non petroleum energy sources, 
in the protection of the environment and in 
the growth of the installed capacity directly 
proportioned to the growing national demand.   

Our high basins are protected by the national 
parks, but protection is not simply for 
preservation, but to guarantee sustainable 
development, and the dams guarantee not 
only the sustainable development of the 
nation, but also the protection of the very 
parks themselves because when flames 
consume the pine forest of the Armando 
Bermúdez and José del Carmen Ramírez 
National Parks, it had been necessary to recur 
to the waters stored en the dam of Sabaneta 
to supply the helicopters that intend to put 
out the flames that for weeks remained 
uncontrollable and had devoured more than 
100,000 tareas (628.86m2) of green pines. 
Again the dams made their contribution.
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have been permanently raising the flow 
transference level, and what is certain is that 
both lakes have risen simultaneously.

Always when Lake Enriquillo receives a water 
flow superior to 750 million cubic meter of 
water per year its level has risen, and always 
when Lake Sumatra receives a flow superior 
to 288 million cubic meters annually its level 
has risen, indistinctively of any illogical theory 
that is put forth solely for emitting an opinion.

Lake Enriquillo has always had growth periods 
tied to meteorological phenomena such as 
hurricanes and storms which have contributed 
huge subterranean and surface water flows, and 
later has had rest periods tied to long regional 
droughts, but it always recuperates its space.

The solution to Lake Enriquillo’s grave regional 
water problem, which preoccupies the 
government and the country is to relocate the 
farmers, cattlemen and the inhabitants of the 
zone, outside the lake’s  maximum flood fringe, 
preferably  to the zone el  El Limón in Jimaní, 
and to the zone of  Tamayo-Galván, because if 
you cannot relocate the lake, then relocate the 
people, because the fluctuations in the lake 
will continue in a permanent manner.

9. The Problem of Garbage 
that Contaminates Water
Another serious national problem is the final 
disposition of our urban and industrial solid 
wastes (garbage), since our waste are deposited 
in outside garbage dumps , producing 
environmental contamination, fires, smells, 
proliferation of rates and insects, etc.. However, 
modern tendency is within the planning of land 
use, is the final disposition of solid urban waste 
in sanitary landfills constructed over soil which 
is entirely clayish with the aim of guaranteeing 
the absolute impermeability of the subsoil and 
in that manner avoid that the leachates, or 
contaminating liquids infiltrate and contaminate 
the subterranean waters since these waters 
comprise the reserves for future generations 
and it is necessary to protect them from all type 
of contamination. 

The city of Santo Domingo produces on a 
daily basis around 3,500 tons of solid waste, 
of which a third correspond to the National 
District and two thirds to the province of  
Santo Domingo, garbage which is made up 
of largely by paper, cartons, metals, plastic, 
glass, ceramics, textiles, wood, decomposed 
vegetables, etc. which should be reclassified, 
picked up in a timely and effective manner for 

FIG. 8. Frontier Agricultural Offices Flooded by the 
Rising Waters of Lake Sumatra, to the West of Jimaní FIG. 9. Garbage Dumps in the City of Puerto Plata.
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emergency as the result of the high of 
contamination of surface and subterranean 
waters product of the irrational management 
of solid and liquid wastes from residences, 
homes, industries, hotels, livestock and 
irresponsible mining. 

We demonstrated that Dominican cities lack 
sanitary sewer systems and for that reason 
the discharge of raw sewage from residences 
go to the subsoil through improvised filter 
wells that drain to the same subterranean 
waters that we take advantage of through drill 
wells which produce severe contamination 
of the subterranean waters with high levels 
of coliform bacteria, generating multiple 
gastrointestinal diseases whose treatment is 
very costly to the Dominican State.

We stated that almost all of the country’s 
rivers have been converted into urban sewers 
that receive the raw residential and industrial 
sewage, the acid waters generated by outside 
mining and a large part of the garbage, 
and it just suffice to see the high levels of 
contamination of the Ozama, Isabela, Haina, 
Margajita, Yuna, Camú, Yaque del Norte, 
Yaque del Sur, Higüamo and Duey rivers.

We informed that many of the mayorships 
understood  that the best place to deposit 
garbage was at the .river bank, since in 
that manner each time that the river rose it 
would drag the garbage downstream which 
we classified as barbaric and irrational on 
behalf of the municipal governments. We 
emphasized that the absence of a Territorial 
Land Planning Ordinance was a violation of 
Art. 30 of Environmental Law 64-00, and that 
lack of land planning provokes that dozens of 

thousand of poor people gather at our river 
banks with which they severely contaminate 
these waters and expose themselves to the 
elevated dangers derived from the flooding 
generated by rains, storms and hurricanes.

We put forth that while reforestation programs 
are very timid and are concentrated along the 
sides of highways so that people believe that 
there is a will to repopulate the forests, the 
lumber mills have once again multiplied in all 
of our mountain ranges, although this time they 
receive the name of forest management plans 
authorized by environmental authorities and 
that reduces the rainfall regimen.

We pointed out the that the Ministry of 
Environment applies an entirely erroneous 
policy regarding the extraction of aggregated 
from rivers and rock quarries but sanctions 
the smaller businesses that apply correct 
environmental sustainability policy extracting 
only from the river terrace, above the ground 
water level and reforesting and leveling the 
mined soil, while allowing companies that 
deprecate the riverbeds all types of liberties, 
opening ground water lagoons to remove 
aggregates below subterranean water level 
and contaminate the waters.

We reiterate that the Ministry of Environment 
behaves as a collecting agency and not like a 
regulatory agency, and that all this ministry’s 
decisions are contrary to the country’s 
environmental interests, citing as an example 
the case of the cement plant in Los Haitises 
and the case of irregular environmental license 
which supports the Barrick Gold mining 
company, indicating that in environmental 
terms the country is not protected.
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Despite the annual availability of surface 
and groundwater, physical evidence such 
as dry river on the south coast and lakes 
disappearing in south-east, besides the 
increase of population demands for better 
water service especially in the metropolitan 
area, and growing conflicts over water use in 
various parts of the country indicate that there 
are areas and periods of significant deficits. 
This deficits cannot yet be rightly identified 
because the national information system 
haven’t produced the required hydrological 

Drainage 
Basin

Area 
(km2)

% 
area

Q medium 
(m3/s)

Q
(liters/s/km2)

Population
 (2002)

% 
People	

% 
People/km2

liters/ 
People/

day

Pacific 
Ocean

23,990 22.0 728.47 31 5,897,817 52.5 245.8 10,897

Caribbean 
Sea

34,259 31.5 1,180.53 34 3,450,840 30.7 100.7 30,030

Gulf of 
Mexico

50,640 46.5 1,297.63 26 1,888,539 16.8 37.3 60,225

Total 108,889 100.0 3,206.63 29 11,237,196 100.0 103.2 25,116

 Source: SEGEPLAN (2007).

Drainage 
Basin

Area 
(km2)

% 
area

Q medium 
(m3/s)

Q
(liters/s/km2)

Population
 (2002)

% 
People	

% 
People/km2

liters/ 
People/

day

Pacific 
Ocean

23,990 22.0 291.39 12 5,897,817 52.5 245.8 4,218

Caribbean 
Sea

34,259 31.5 354.16 10 3,450,840 30.7 100.7 8,580

Gulf of 
Mexico

50,640 46.5 402.27 8 1,888,539 16.8 37.3 18,531

Total 108,889 100.0 1,047.81 10 11,237,196 100.0 103.2 8,372

Source: SEGEPLAN (2007).

information consisting of monthly statements, 
it has only generated average annual balance 
in 1975 (INDE), 1992 (UNESCO-INSIVUMEH) 
and 1994 (PLAMAR). Indeed, the fact that 
the hydrological regime depends solely 
on rain and underground storage, plus 
the average rainfall occurs in six months, 
makes a significant difference on the rivers 
flow between the rainy and the dry period. 
Table 1 and Table 2 show the availability of 
water (liter / capita / day) annual national 
and for the driest month.

Table 1. Annual Water Availability (National and by Drainage Basin)

Table 2. Water Availability in the Dry Season Months (National and by Drainage Basin)
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The annual returns on the month of drought 
in each of the sides are proportional, 
because there are wet lands and dry lands. 
However, the slope of the Gulf of Mexico 
has more per capita availability because of 
the lower population density and greater 
volume flow. When comparing the annual 
per capita availability, the Gulf of Mexico is 
6 times higher than the Pacific and 2 times 
higher than the Caribbean Sea in the driest 
month, the ratio is 4 and 2 times in the 
annual bases, respectively. 

Moreover, a country with an availability greater 
than 1,000 m 3 / capita / year (2.740 liters / 
capita / day) is considered that there is no risk 
of flooding, which occurs in all cases. Moreover, 
the spatial distribution of rainfall is very 
irregular and natural water availability does not 
exactly match the demands. In regions located 
in the upper parts of watersheds and receiving 
less precipitation, the occurrence of water as 
surface flow is lower and there is where most 
of the country population sits; which is the 
case of metropolitan area of Guatemala, 10 of 
the 22 departmental most populous capitals 
of the country and more than 130 of the 335 
municipal seats.
 
FIG. 4 shows the annual average rainfall of the 
country (isohyets), the variation of monthly 
mean flows at two stations for each of the 
three areas and yields and surface water 
availability by watershed.

3. Water Balance 2005
Table 3 shows that the country has a 97.120 
million m3 supply or availability of raw water, 
distributed as follows: 23.7% in the Pacific 

Ocean side, 42.1% in the Gulf of Mexico, and 
34.2 % remaining in the Caribbean Sea. Of 
the water supply, 23.3%, 4.4% and 7.4% in 
each of the basin respectively, are demanded; 
involving a use of 9.9% nationwide. This shows 
that the Gulf of Mexico is the watershed with 
most water and with less demand, contrary to 
what happens in the Pacific Ocean watershed 
(reduced availability, increased demand). The 
first user of water should be the ecological 
flow (10% of average annual flow), but does 
not currently apply in the country, so it was 
not considered in the balance. The country 
uses 9.596 million m3 of water, 53.6% for 
consumptive uses and the remaining 46.4% in 
non-consumptive. At a more disaggregated, 
it could be said that of this total, hydro uses 
a 46.4%, 8.7% for human consumption, 
irrigation 38.2%. By taking into account only 
consumptive uses, water used for human 
consumption 16.2%, 76.9% irrigation and 
industry 6.7%, and other users consume the 
remaining 0.2%.

FIG. 4. Availability & Temporal and Spatial 
Distribution of Water in the Country.

Source: SEGEPLAN (2007).
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Supply and annual water use in Guatemala Situation for the driest month

Concept

Indica-
tors

DB
Pacific 
Ocean

DB Gulf 
of 

Mexico 

DB
Carib-
bean 

Sea

Total
Country

DB
Pacific 
Ocean

DB Gulf 
of 

Mexico 

DB
Carib-
bean 

Sea

Total
Country

flow 
(m3/seg)

volume
(mill m3)

volume
(mill m3)

volume
(mill m3)

volume
(mill m3)

volume
(mill m3)

volume
(mill m3) 

volume
(mill m3)

volume
(mill m3)

Thermal Energy 
(Except cogenera-
tors mills)

3910 mill 
kv/h 0.17 0.00 0.00 0.17 0.01 0.00 0.00 0.01

V. Irrigation 
return water 
(infiltration)

1,097.45 49.21 320.61 1,467.27 182.91 8.20 53.44 244.55

VI. Generation 
contaminated 
water

1,060.93 137.63 340.90 1,539.46 129.57 13.31 40.43 183.31

Domestic origin 388.17 106.00 173.52 667.69 32.35 8.83 14.46 55.64

Agricultural origin 493.85 22.15 144.28 660.27 82.31 3.69 24.05 110.05

Industrial origin 174.77 8.30 22.51 205.58 14.56 0.69 1.88

Origin of other 
economic activi-
ties

4.14 1.18 0.59 5.92 0.35 0.10 0.05 0.49

Balance (surplus 
or deficit) 21,372.6 40,830.07 32,781.1 94,983.94 501.86 1,029.98 776.86 2,308.70

Source: SEGEPLAN (2007).

Of all the water used in the country, 1.540 
million m3 of wastewater is generated (only 5% 
are treated), generally discharged untreated 
into surface streams or bodies of water, so that 
automatically limit or hinder subsequent uses. 
Additionally, 40% of water used in irrigation 
returns to the rivers to infiltrate.

Given the country’s water capital and 
total consumptive demands, there’s an 
original surplus of 87.524 million m3; to 
this the volumes of non-consumptive use, 
the contaminated water and of return are 
added, giving an annual balance of 94.984 

million m3. This, for lack of sewage treatment 
and inability of the sources of pollution fully 
diluted, become low-quality water available. 
The previous balance indicates a relationship 
between balance and availability of 0.98.

As shown in Table 3, in the month of dry season 
of 2005 there’s a surplus of 2.309 million m3 

at the national level, reducing the balance-
capital ratio to 0.87. Doing the analysis, as in 
the previous case (an annual report), it follows 
that there is a total demand of 42.9% available. 
Pacific Ocean side, as mentioned above, has 
the highest water demand, also makes use of 
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Conditions/Scenarios Optimistic Pessimistic Normal Trend

Gross domestic product 
(GDP) > 5.4 % < 3% 3.6%

Growth of tourism >8% < 5% 5%

Increased demand AP >25% < 15% 15%

Increased demand for 
irrigation Doubling little Increases

Increased technification 
sprinkler and drip 
irrigation

Yes No No significant

Source: SEGEPLAN (2007).

Throughout this section the projected demand 
for the various uses of water in 2025, and the 
water balance is described. For each of the 
sector water uses, according to growth rates, 
an estimate demand was projected for the 
year 2025; there are three possible scenarios: 
optimistic, pessimistic and normal trend. Table 4 
shows the conditions that define each scenario, 
while growth in demand for applications in 
each scenario is shown in Table 5. Taking into 
account that there is not enough information 
for the preparation of monthly water balance, 

4. Water Balance and 
Scenarios to 2025 

due to the discontinuity of hydrometric and 
meteorological stations in time and physical 
location, making it necessary to reinstall and 
give continuity to the operation of the few 
stations (“strategic”) that it will have, but they 
belong to different entities, so it is advisable 
to consolidate the information into a single 
institution like the INSIVUMEH or INDE.

The following is a description of the water 
demand by 2025 from baseline scenario, 
and Table 6 shows the calculations used to 
determine the water balance. For domestic 
use demand, the information was available 
at the National Institute of Statistics 
on population projections 2000-2020, 
following the trend for 2020 was projected 
for 2025.
For projection data service coverage to 
the report on the implementation of the 
Millennium Development Goals (targets 10 
and 11, SEGEPLAN 2005), was extended 
for 2025. The same endowments and 
efficiency data contained in this report 
were undertaken, to estimate the current 
demand (2005).

the available 92.4% in this region, while the 
Gulf of Mexico, only 15.3% and in 32.7% of 
the Caribbean Sea. The data show that the 
water capital of the Pacific watershed, 74.9% 
is used for consumption, 17.2% for energy 
producing sector, implying a balance of 7.9%. 
However, adding water use non-consumptive, 
contaminated water and irrigation return, the 
availability of low quality water increases, and 
obtained a surplus of 66.4% of the available 
at the beginning of the month.

Table 4. Terms Those Define the Different Scenarios
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Growth rates/Scenarios Optimistic Pessimistic Normal Trend

Drinking water 4.7% 4.3% 4.5%

Irrigation 4.1% 2.6%
3.2%

Industry 4.8% 2.3% 2.4%

Energy 4.5% 1.7% 2.5%

Water pollution 1.9% 3.1%
2.6%

Reduction return water by 
irrigation efficiency

25.0% 0% 0%

Source: SEGEPLAN (2007).

In the case of irrigation water was considered 
that for the next 20 years, following the trend 
of the past 20 years, the country will double 
the area under irrigation, improving the 
proportion of lower-power systems such as 
irrigation sprinkler and drip. 

An expansion was made in the case of industry, 
assuming a growth rate of this economic 
activity of 2.5% annually, a figure that may 
seem conservative given the expectation that 
it could generate the validity of the new trade 
and investment treaties it has signed the 
country but also takes into account that the 
new models of investment in industries with 
technology will be greater savings of inputs, 
including water. The same annual growth rate 
was estimated to calculate the water demand 
of the other branches of economic activity, 
this could be short for the case of hotels 
and tourism if the country is to position and 
expand their strengths and attributes in the 
development of inbound tourism. 

Human Consumption: For 2025 it is estimated 
that Guatemala will have a total of 19.96 
million inhabitants, 7.26 million more than in 
2005, equivalent to 4.0 million homes. In the 
Pacific watershed will be 9.4 million people, 
4.5 million in the Gulf of Mexico and 6.1 million 
in the Caribbean Sea. The rate of piped water 
coverage is estimated at 86.5% nationally, 
with 90% for urban areas and 84.2% for rural 
areas. In these circumstances it is estimated 
that water demand for domestic use will be 
2.010 million m3 distributed into 57.7% for 
the Pacific watershed, 14.8% for the Gulf of 
Mexico and 27.4% for the Caribbean Sea. 
Irrigation: In the case of irrigation, water 
demand by 2025 is estimated at 7.410 million 
m3, also the highest demand will focus on the 
Pacific watershed where the best farmland 
of the country is located, although given 
irrigation potential in the department of 
Petén, many new areas of irrigation in soils 
with some limitations will be established in 
that department. 

Table 5. Annual Growth Rates of the Water Demand Uses for Each Scenario
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Supply and annual water use in Guatemala Situation for the driest month

Indica-
tors

DB 
Pacific 
Ocean

DB Gulf 
of 

México

DB 
Cari-

bbean 
Sea

Total 
Country

DB 
Pacific 
Ocean

DB Gulf 
of 

México

DB Cari-
bbean 

Sea

Total 
Country

Concept
flow 

(m3/seg)
volume 
(mill m3)

volume 
(mill m3)

volume 
(mill m3)

volume 
(mill m3)

volume 
(mill m3)

volume 
(mill m3)

volume 
(mill m3)

volume 
(mill m3)

I.   Water Capital 3,079.65 22,973.03 40,922.06 33,224.75 97,119.84 755.28 1,042.67 846.55 2,644.50

Drainage Basin of 
Pacific Ocean 728.47

  Drainage Basin of 
Gulf of México 1,297.63

 Drainage Basin of 
Caribbean Sea 1,053.55

II.  Total 
consumptive or 
non-consumptive 
demands

10,123.51 3,048.95 4,623.60 17,796.06 1,340.15 276.00 537.63 2,154.13

III. Total 
consumptive 
demands

7,522.19 583.44 2,392.95 10,498.58 1,123.38 70.54 351.74 1,546.01

a. Water supply 
and sanitation

House-
holds 

Country 
1,160.57 297.81 551.65 2,010.03 96.71 24.82 45.97 167.50

Households with 
home service 3,286,387 1,114.59 269.37 517.04 1,901.00 92.88 22.45 43.09 158.42

Households 
with community 
service

212,727 30.73 11.12 17.09 58.94 2.56 0.93 1.42 4.91

Households with 
other services  
(water well) 329,165 11.19 13.33 13.33 37.85 0.93 1.11 1.11 3.15

Households with-
out service (poor 
access)

215,811 4.07 3.99 4.19 12.25 0.34 0.33 0.35 1.02

 4,044,091     

b. agricultural use 5,879.67 260.82 1,779.41 7919.89 986.62 43.67 300.57 1,330.87

Irrigation (312,000 
ha in the Country) 5,487.25 246.06 1,603.07 7336.37 914.54 41.01 267.18 1,222.73

Livestock and 
other agricultural 
uses (2.0 millons 
UA)

54.87 2.46 16.03 73.36 4.57 0.21 1.34 6.11

Agroindustrial 
(washing cane and 
other)

337.55 12.30 160.31 510.16 67.51 2.46 32.06 102.03

Table 6. Water balance – Normal Trend (estimated for 2025, national and by Drainage Basin
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Supply and annual water use in Guatemala Situation for the driest month

Indica-
tors

DB 
Pacific 
Ocean

DB Gulf 
of Mé-

xico

DB Cari-
bbean 

Sea

Total 
Country

DB 
Pacific 
Ocean

DB Gulf 
of Mé-

xico

DB 
Cari-

bbean 
Sea

Total 
Country

Concept
flow 

(m3/seg)
volume 
(mill m3)

volume 
(mill m3)

volume 
(mill m3)

volume 
(mill m3)

volume 
(mill m3)

volume 
(mill m3)

volume 
(mill m3)

volume 
(mill m3)

c. Industry and 
other processing 
activities

473.46 21.40 60.19 555.05 39.46 1.78 5.02 46.26

Manufacturing
 (80m3/
USD1000 VA) 467.46 19.40 58.19 545.05 38.96 1.62 4.85 45.42

Construction 
industry 6.00 2.00 2.00 10.00 0.50 0.17 0.17 0.84

d. Mining 0.00 0.98 0.49 1.47 0.00 0.10 0.10 1.51

Gold Mines - 
Marlín

822 m3/
día 0.00 0.49 0.00 0.49 0.00 0.03 0.03 0.00

Other mines and 
other mining 
products 
(estimation)

0.00 0.49 0.49 0.98 0.00 0.08 0.08 0.16

e. Other eco-
nomic activities 8.49 2.43 1.22 12.13 0.59 0.17 0.08 0.84

Hotels and 
Restaurants
(27,038 availabi-
lity of beds per 
day. 50%)

5.66 1.62 0.81 8.09 0.47 0.13 0.07 0.67

Commerce and 
others 2.83 0.81 0.41 4.04 0.12 0.03 0.02 0.17

IV. Total non-
consumptive 
demands

2,601.31 2,465.51 2,230.65 7,297.47 216.77 205.46 185.89 608.12

 Hydropower 141.21 2,601.02 2,465.51 2,230.65 7,297.18 216.75 205.46 185.89 608.10

Drainage Basin of 
Pacific Ocean 50.33

Drainage Basin of 
Gulf of México 47.71

Drainage Basin of 
Caribbean Sea 43.17

  Thermal Energy 
 (Except coge-
nerators mills)

3910 mill 
kv/h 0.29 0.00 0 0.29 0.01 0.00 0.00 0.01
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Supply and annual water use in Guatemala Situation for the driest month

Indica-
tors

DB 
Pacific 
Ocean

DB Gulf 
of Mé-

xico

DB 
Cari-

bbean 
Sea

Total 
Country

DB 
Pacific 
Ocean

DB Gulf 
of Mé-

xico

DB Cari-
bbean 

Sea

Total 
Country

Concept
flow 

(m3/seg)
volume 
(mill m3)

volume 
(mill m3)

volume 
(mill m3)

volume 
(mill m3)

volume 
(mill m3)

volume 
(mill m3)

volume 
(mill m3)

volume 
(mill m3)

Households with 
home service 3,286.387 1,089.90 258.26 501.65 1,849.80 90.82 21.52 41.80 154.15

Households 
with community 
service

212.727 29.95 10.45 16.36 56.76 2.50 0.87 1.36 4.73

Households with 
other services  
(water well) 329.165 14.06 16.39 16.48 46.93 1.17 1.37 1.37 3.91

Households 
without service 
(poor access)

215.811 5.13 4.91 5.19 15.23 0.43 0.41 0.43 1.27

 4,044.091     

b. agricultural use 5,317.51 234.73 1,601.47 7,153.71 893.12 39.30 270.52 1,202.95

Irrigation 
(312,000 ha in the 
Country)

4,938.52 221.45 1,442.76 6,602.73 823.09 36.91 240.46 1,100.46

 Livestock and 
other agricultural 
uses (2.0 millons 
UA)

49.39 2.21 14.43 66.03 4.12 0.18 1.20 5.50

Agroindustrial 
(washing cane 
and other) 329.6 11.07 144.28 484.95 65.92 2.21 28.86 96.99

c. Industry and 
other processing 
activities

462.45 20.94 58.82 542.21 38.54 1.75 4.90 45.19

Manufacturing
(80m3/USD1000 
VA) 456.45 18.94 56.82 532.21 38.04 1.58 4.74 44.35

Construction 
industry 6.00 2.00 2.00 10.00 0.50 0.17 0.17 0.84

d. Mining 0.00 0.96 0.48 1.44 0.00 0.10 0.10 1.51

Gold Mines - 
Marlín

822 m3/
día 0.00 0.48 0.00 0.48 0.00 0.03 0.03 0.00

Other mines and 
other mining 
products 
(estimation)

0.00 0.48 0.48 0.96 0.00 0.08 0.08 0.16
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Supply and annual water use in Guatemala Situation for the driest month

Indica-
tors

DB 
Pacific 
Ocean

DB Gulf 
of México

DB 
Cari-

bbean 
Sea

Total 
Country

DB 
Pacific 
Ocean

DB Gulf 
of Mé-

xico

DB 
Cari-

bbean 
Sea

Total 
Country

Concept
flow 

(m3/seg)
volume 
(mill m3)

volume 
(mill m3)

volume 
(mill m3)

volume 
(mill m3)

volume 
(mill m3)

volume 
(mill m3)

volume 
(mill m3)

volume 
(mill m3)

Gold Mines – 
Marlín

822 m3/
día

0.00 0.48 0.00 0.48 0.00 0.03 0.03 0.00

e. Other eco-
nomic activities

7.77 2.22 1.11 11.10 0.54 0.15 0.08 0.77

Hotels and 
Restaurants  
(27,038 availability 
of beds per day. 
50%)

5.18 1.48 0.74 7.40 0.43 0.12 0.06 0.61

Commerce and 
others

2.59 0.74 0.37 3.70 0.11 0.03 0.02 0.16

IV. Total non-
consumptive 
demands

2,222.55 2,106.48 1,905.82 6,234.85 185.20 175.54 158.82 519.56

Energía hidráulica 141.21 2,222.26 2,106.48 1,905.82 6,234.56 185.19 175.54 158.82 519.55

Energía térmica 
(excepto ingenios 
cogeneradores)

3910 mill 
kv/h

0.29 0.00 0.00 0.29 0.01 0.00 0.00 0.01

V. Irrigation 
return water 
(infiltration)

1,975.41 88.58 577.1 5,641.09 329.23 14.76 96.18 244.55

VI. Generation 
contaminated 
water

1,920.53 259.77 667.93 2,848.23 230.42 24.80 76.22 331.44

Domestic origin 820.10 208.81 388.57 1,417.48 68.34 17.40 32.38 118.12

Agricultural origin 844.49 37.87 246.71 1,129.07 140.75 6.31 41.12 188.18

Industrial origin 249.72 11.31 31.76 292.79 20.81 0.94 2.65 24.40

Origin of other 
economic 
activities

6.22 1.78 0.89 8.89 0.52 0.15 0.07 0.74

Balance (surplus 
or deficit)

19,942.20 40,721.55 32,268.22 95,931.98 217.17 1,016.77 698.38 1,655.16

Source: SEGEPLAN (2007).
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Supply and annual water use in Guatemala Situation for the driest month

Indica-
tors

DB Pacific 
Ocean

DB Gulf 
of México

DB 
Cari-

bbean 
Sea

Total 
Country

DB 
Pacific 
Ocean

DB Gulf 
of 

México

DB 
Cari-

bbean 
Sea

Total 
Country

Concept
flow 

(m3/seg)
volume 
(mill m3)

volume 
(mill m3)

volume 
(mill m3)

volume 
(mill m3)

volume 
(mill m3)

volume 
(mill m3)

volume 
(mill m3)

volume 
(mill m3)

I.   Water Capital 3,079.65 22,973.03 40,922.06 33,224.75 97,119.84 755.28 1,042.67 846.55 2,644.50

Drainage Basin of 
Pacific Ocean 728.47

Drainage Basin of 
Gulf of México 1,297.63

Drainage Basin of 
Caribbean Sea 1,053.55

II.  Total consump-
tive or non-
consumptive 
demands

12,864.89 4,271.82 6,070.37 23,207.08 1,670.93 382.19 688.60 2,741.72

III. Total 
consumptive 
demands

9,055.01 660.71 2,803.25 12,518.97 1,353.45 81.26 416.34 1,851.05

a. Water supply 
and sanitation

Hogares 
país 1,200.30 306.58 569.44 2,076.32 100.03 25.55 47.45 173.03

Households with 
home service 3,286.387 1,158.92 280.17 537.67 1,976.76 96.58 23.35 44.81 164.73

Households with 
community service 212.727 31.95 11.57 17.77 61.29 2.66 0.96 1.48 5.11

Households with 
other services  
(water well) 329.165 7.02 11.47 10.74 29.23 0.59 0.96 0.90 2.44

 Households with-
out service (poor 
access)

215.811 2.41 3.37 3.26 9.04 0.20 0.28 0.27 0.75

 4,044.091     

b. agricultural use 7,083.15 312.98 2,135.29 9,531.42 1,189.46 52.41 360.69 1,602.55

Irrigation (312 000 
ha in the Country) 6,584.70 295.27 1,923.68 8,803.65 1,097.45 49.21 320.61 1,467.28

Livestock and 
other agricultural 
uses (2.0 millons 
UA)

65.85 2.95 19.24 88.04 5.49 0.25 1.60 7.34

 Agroindustrial 
(washing cane and 
other)

432.60 14.76 192.37 639.73 86.52 2.95 38.47 127.94

Table 8. Water Balance – Optimistic Trend (Estimated for 2025)
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Supply and annual water use in Guatemala Situation for the driest month

Indica-
tors

DB Pacific 
Ocean

DB Gulf 
of México

DB 
Cari-

bbean 
Sea

Total 
Country

DB 
Pacific 
Ocean

DB Gulf 
of Mé-

xico

DB Cari-
bbean 

Sea

Total 
Country

Concept
flow 

(m3/seg)
volume 
(mill m3)

volume 
(mill m3)

volume 
(mill m3)

volume 
(mill m3)

volume 
(mill m3)

volume 
(mill m3)

volume 
(mill m3)

volume 
(mill m3)

c. Industry and 
other processing 
activities

747.73 32.78 94.34 874.85 62.31 2.73 7.86 72.90

Manufacturing
(80m3/USD1000 
VA) 741.73 30.78 92.34 864.85 61.81 2.56 7.69 72.06

Construction 
industry 6,00 2,00 2,00 10,00 0,50 0,17 0,17 0,84

d. Mining 0.00 1.56 0.78 2.34 0.00 0.10 0.10 1.51

Gold Mines - 
Marlín

822 m3/
día 0.00 0.78 0.00 0.78 0.00 0.03 0.03 0.00

Other mines and 
other mining 
products 
(estimation)

0.00 0.78 0.78 1.56 0.00 0.08 0.08 0.16

e. Other eco-
nomic activities 23.83 6.81 3.40 34.04 1.65 0.47 0.24 2.36

Hotels and Res-
taurants (27,038 
availability of beds 
per day. 50%)

15.89 4.54 2.27 22.70 1.32 0.38 0.19 1.89

Commerce and 
others 7.94 2.27 1.13 11.34 0.33 0.09 0.05 0.47

IV. Total non-
consumptive 
demands

3,809.88 3,611.11 3,267.12 10,688.11 317.48 300.93 272.26 890.67

Energía hidráulica 141.21 3,809.59 3,611.11 3,267.12 317.47 
10,687.82 300.93 272.26 890.66

Energía térmica 
(excepto ingenios 
cogeneradores)

3910 mill 
kv/h 0.29 0.00 0.00 0.29 0.01 0.00 0.00 0.01

V. Irrigation 
return water 
(infiltration)

2,633.88 118.11 769.47 3,521.46 438.98 19.68 128.25 586.91
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Crops Hectares %

Banana tree 22,400 7.18

Sugarcane 168,490 54.00

Flowers and 
foliage

2,800 0.90

Lemon 3,500 1.12

Mango 3,500 1.12

Berries 350 0.11

African Palm 30,800 9.87

Papaya 980 0.31

pineapple	 2,100 0.67

Banana 8,400 2.69

Grass 14,000 4.49

Other permanent 2,170 0.70

Melon 5,530 1.77

Tomato 2,800 0.90

Onion 1,320 0.42

Other vegetables 
and annual crops

42,900 13.75

TOTAL 312,040 100.00

Source: Estimated data. 2002-2003 Agricultural 
Census; (SEGEPLAN 2007).

this has been overcome by the sprinkler which 
demands the 45.6% of the water with such 
use can also be regarded as satisfactory that 
the country has systems drip irrigation as this 
increases the efficiency of water use. 

Major producers keep records of how much 
water they consume; others only use it because 
of the low importance they give because it 
does not represent a cost. Those who consider 
its cost, because of pumping systems, are 
concerned and that is why preferring drip 
irrigation. Furthermore, information access 
hasn’t be systematized yet. 

Along with the irrigation water, it has been 
estimated water consumption for other 
agricultural purposes (coffee benefit, water 
for livestock, poultry, water exchange in the 
1,500 hectare of shrimp ponds and others), as 
water demand is fairly lower than irrigation, 
although the unit consumption of these 
activities can be quite high and polluted. 

The primary industry consumes a significant 
water quantity. Unfortunately the state has no 
records of water consumption in the industries 
of Guatemala and these data are provided 
to the public by the industry themselves, so 
no one can estimate their efficiency. In this 
chapter an estimation of the volume of water 
demanded by the industry, including mining 
and tourism is done.

Industrial activity is concentrated in the 
metropolitan area of Guatemala (MAG), 
press the demand for the service provided 
through piped water supplies in the most 
cases of groundwater. To estimate the water 

6. Water and Industry

consumption of this sector it has been followed 
the approach of the report of the Integrated 
Strategy for Water Resources in Costa Rica 
(2005), in which to make projections of water 
consumption for this sector is set a parameter 
of 80 m3 per each $ 1,000 of added value. For 
Guatemala the figure of 80 m3 was adjusted 
with an increase of 25%. The Guatemalan 
industry in 2004 produced the equivalent of 
USD 3565.9 million in added value at current 
prices. The structure of industrial production 

 Table 10. Guatemala: Estimation by Main Crops 
Irrigated area
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indicates that 66.8% comes from direct 
consumer-oriented processes, production for 
intermediate consumption accounts for 27.5%, 
while production for capital goods is 5.7%.

Under this configuration the water 
consumption in industry was estimated at 
332.6 million m3, which focuses on the MAG, 
in which it is located around 80% of industrial 
value added of the country. Additional to 
the MAG, there are small industrial in the 
departments and municipalities of Escuintla, 
Quetzaltenango and Teculután. As already 
mentioned, the industry has now solved 
the water supply through its direct and free 
access to wells and springs. However, over-
exploitation of aquifers and some high cost 
and represents a substantial investment 
(power and deeper wells), and an estimated 
medium-term are not sustainable because it 
is felt beat down the yield of groundwater.  
Also, the construction industry is an 
activity that cannot develop without water. 
Estimates of the Regional School of Sanitary 
Engineering (ERIS) of the University of San 
Carlos (USAC), suggest that to build a 60 
m2 house is required about 10 m3 of water.3  
Based on this indicator has been estimated, 
very roughly, the water requirement in this 
branch of economic activity.

The mining is gathering again in Guatemala 
with the opening of the Marlin gold mine 
in San Marcos, the possible return of nickel 
mining operations in Izabal and the granting of 
other reconnaissance and exploration licenses 
from the Ministry of Energy and Mines.4 The 
mining industry has a dual effect on water 
availability, on one hand refers to water that 
is removed along with other minerals and the 

Elías, Carlos Alberto, et al. Determinación del 
agua no contabilizada y análisis tarifario del 
sistema de agua de Planes de Bárcenas, en 
revista Agua, Saneamiento & Ambiente, ERIS, 
Facultad de Ingeniería, USAC – 2005.
 
To exploit nickel requires 500 m3 of water per 
ton of product, one would expect a production 
of 14,000 to 24,000 tons per year the plant into 
operation. Communication: Departamento 
de Control Minero, Dirección de Minería, 
Ministerio de Energía y Minas.

Assessment Report Marlin Project, gold and 
silver mining in San Miguel and Sipacapa, 
San Marcos. Comisión especial de la USAC, 
Guatemala, marzo de 2005.

3

4

water used in processing minerals. Depending 
on the hydrogeology of the area, the volume 
of water extracted can be very important. The 
regional impact may not be important, but the 
local impact can be significant. 

In the case of the Marlin Project, which 
extracts gold and silver in the highlands of 
San Marcos, the environmental impact study 
indicates it will take to process 1.5 million m3 
of water per year, of which 1.2 million will 
come from reservoirs lines and 0.3 million 
from groundwater. 

The total requirements will be 4,110 m3 per 
day, of which 822 m3 would come from the 
well and the recycling of tailings pit 3,288 m3. 
The company has entered into operations 
and hopes to exploit 2.1 million ounces gold 
and 28.4 million ounces of silver, contained in 
13.2 million tons of material.5 In the national 
budget is appropriated an annual water 
consumption of 0.3 million m3 for the mining 
project in San Marcos and up to two times for 
mining projects that are developed elsewhere 
in the country.

5
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Type of water service Total 
Country % Urban % Rural %

Total: 2,200,608 100.0 1,104,994 100.0 1,095,614 100.0

Piped water supply. Household water 1,458,480 66.3 880,704 79.7 577,776 52.7

Stream to any homes 93,729 4.3 75,587 6.8 18,142 1.7

Stream public 88,808 4.0 32,308 2.9 56,500 5.2

Wells 337,241 15.3 56,375 5.1 280,866 25.6

Systems-trucks tanks 49,000 2.2 25,886 2.3 23,114 2.1

Rivers or lakes 106,360 4.8 8,848 0.8 97,512 8.9

Other 66,990 3.0 25,286 2.3 41,704 3.8

Source: Population and Housing Census 2002.

therefore is not continuous and with proper 
pressure to supply. 

Additionally, charges for the services 
will not even cover operating expenses 
and maintenance that has resulted in the 
deterioration of existing infrastructure, the 
subsidy for urban areas and expanding the 
service through alternative systems-trucks 
tanks, for example-also of dubious quality 
and cost significantly higher than those of a 
traditional system, to the detriment of the 
needs of rural and / or marginal areas of cities. 

The demand for the entire population of 
the country according to the allocations 
provided in Table 14, is 834.8 million m3 

(only in Guatemala City, the Municipal Water 
Company, EMPAGUA, produces about 120 
million m3  of drinking water per year). Since 
the population is located mainly in the Pacific 
watershed, there is demand of 485.28 million 
m3  (58.1%) in the Gulf of Mexico demand 

is 132.46 million m3  (15.9%), while in the 
Caribbean Sea is 217.07 million m3 (26.0%). 

As will be evident later with the other 
applications, the potable water sector is 
where most problems are present, and 
satisfying them is a great challenge due to 
the dispersion of the rural population and 
in many cases, technical difficulties to its 
delivery point.

Coverage data indicate that must be 
addressed as a priority in rural areas and the 
metropolitan area and improve the quality of 
existing services. The need to modernize the 
water and wastewater subsectors is clearly.

In relation to the overall management of water, 
drinking water and sanitation subsector is 
linked first as a user, i.e. as a rights holder to use 
water-water entering the distribution system, 
to best practices in water use; and control of 
wastewater systems, water exiting the system. 

Table 13. Households by Type of Service Water and Urban and Rural Sectors, 2002

GUATEMALA



378

Tipo de abastecimiento urbano 
(litros/persona/día)

rural 
(litros/persona/día)

demanda anual
 [millones m3]

Piped water supply. 
Household 
water

200 100 732.65

Stream to any homes 100 75  28.93

Stream public 100 75  20.55

Well 50 50  39.77

Systems-trucks tanks 25 25   2.73

Rivers or lakes 25 25   6.35

Other 25 25   3.82

Total 834.80

 Source: Datos censales del año 2002 (SEGEPLAN 2007).

Self-administration of services is subject to 
other statutory and not for the water authority 
to resolve them. The responsibility is to 
ensure that their rights to supply and monitor 
compliance with the retention obligations of 
providers and operators. 

Water pollution in different basins of the 
country is due to point sources (domestic, 
industrial and agro-industrial sewage) and 
nonpoint (erosion of soil with chemicals 
during rainfall runoff events). Table 3 shows 
that existing uses generate 1,540 million m3 
of wastewater at national level, which when 
discharged into surface streams or bodies of 
water, automatically limit or hinder subsequent 
uses of the natural resource receiver. Only 5% 
of the wastewaters are treated and even for 
the dilution effect, that’s why all waters that 
receive those discharges get automatically 
polluted. The volume of polluted water 

8. Pollution

that is discharged into the basins is 40% 
of the municipalities, 40% of agricultural 
activities, 13% of the industries and the 
remaining 7% of agro-industries.

However, the pollution load (BOD, COD 
tons per year) do not keep the same 
proportions as shown in one studied case, 
where agribusiness located on two basins 
on the Pacific watershed contribute more 
than load generated by the population. 
Even though no information or systematic 
control are available, a study case 
conducted as part of the strategy 
for integrated management of water 
resources, indicates that pollution load 
by biochemical oxygen demand (BOD) 
and chemical oxygen demand (COD) 
generated by agro-industry and industry is 
greater than the generated by the communities 
expressed in population equivalents.6 
Currently, pollution limits downstream 

Table 14. Criteria to estimate the current demand for domestic water in Guatemala.
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9. Water in Urban Areas
As noted in Chapter 7, 89.4% of the population 
of the country’s urban areas has water supply 
coverage; the urban population represents 
46.1% of the total. However, around 625,000 
people still do not have access to it through 
household connection (116,395 households). 

In relationship with service quality, the 
empirical evidence indicates that even when 
the water service coverage has significantly 
improved, its quality is not necessarily good 
because of all existing services, only 15% of 
previously treated water is used for domestic 
purposes and provision is not continuous or is 
characterized of having the adequate pressure 
(the largest proportion of this percentage is 
the urban area). On urban areas the proper 
coverage reaches 76.7% of households, while 
the rural level is only of 16.8%.

The percentages of loss in water service 
systems in urban areas reach 50%, while in 
rural areas the efficiency of water distribution 
pipeline is 90% (10% loss) and 80% in other 

forms of supply. In relationship with water 
prices, in urban and rural areas, charges for 
the services will not even cover operating 
expenses and maintenance that has resulted 
in the deterioration of existing infrastructure, 
the subsidy for urban areas and extending the 
service through alternate systems, -tank trucks, 
for example- also of dubious quality and cost 
significantly higher than those of a traditional 
system, to the detriment of the needs of rural 
and / or marginal areas cities. 

The rates for water consumption are not very 
effective, except for the recovery in certain 
sectors by the municipal water company 
in the city of Guatemala (EMPAGUA), 
Agua Mariscal and other municipal water 
companies as Quetzaltenango and Santa 
Elena and San Benito. The average monthly 
fee for the service of drinking water 
nationwide is Q.4.5, when it’s need it to be 
Q.30, Villa Nueva subsidizes monthly water in 
Q.1 million (1 US$ = Q. 7.5). 

Population equivalents: The way to relate the 
pollution load generated by agribusiness and 
industry with the pollution load generated by 
the municipalities is by a factor called equivalent 
population. The way to do this is to divide the 
burden of pollution generated by agribusiness 
and industry, calculated by multiplying the 
discharge of water by the concentration of BOD 
and COD, between the pollution loads generated 
by a person, calculated by multiplying 200 liters 
per day per 250 milligrams per liter BOD (0.01825 
tons / year).Population equivalents: The way to 
relate the pollution load generated by agribusiness 
and industry with the pollution load generated by 
the municipalities is by a factor called equivalent 
population. The way to do this is to divide the 
burden of pollution generated by agribusiness 
and industry, calculated by multiplying the 
discharge of water by the concentration of BOD 
and COD, between the pollution loads generated 
by a person, calculated by multiplying 200 liters 
per day per 250 milligrams per liter BOD (0.01825 
tons / year).

6

productive use and control is a decisive 
factor for the policies of poverty reduction, 
especially in reducing infant and maternal 
mortality rates and does not contribute to 
improve the country’s competitiveness.  With 
the Regulation of Downloads and Reuse of 
Wastewater and Sludge Disposal, adopted in 
May 2006, is expected to a gradual process of 
decontamination to be completed in 18 years.

The greatest challenge now is setting up 
surveillance and institutional coordination 
necessary to implement and monitor 
operational compliance with these provisions.
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and down waters works located original on a 
safe site. Hurricane Mitch struck the region in 
late October and early November 1998, killed 
268 people in the country, 54,705 people were 
evacuated and about 105,000 were affected, 
the number of water systems damaged was 
237, the total damage in the country were 
948.79 million U.S. dollars. Hurricane Stan 
in October 2005, caused 669 people killed 
in the country, 12.445 houses damaged and 
destroyed 5,515, only in the department of San 
Marcos 331 damaged water supply systems, 
losses and damages valued at some 1,000 
million dollars. FIG. 6 shows the occurrence 
of floods according to their probability of 
occurrence, divided into categories. 

In relationship with  to drought, the country 
has generated information on the most 
threatened areas, identified as extremely 
high to very low. FIG. 7 shows the areas of 
the country with an extremely high threat of 
drought to those with very low probability. 

Although progress has been made in the local 
organization, still is necessary to work hard in 
developing planning and disaster preparedness. 
The topics on which emphasis should be 
placed are the knowledge of phenomena, 
development of early warning systems, local 
organization and incorporate elements of 
disaster to the infrastructure design.

The guarantee to life, physical integrity 
of persons and security of their property, 
also compete to make it effective the 
State which has organized the system of 
the National Coordination for Disaster 
Reduction to coordinate public and private 
actions risk management and has among 
its responsibilities set of particular and 
unique way for each and every one of the 
municipalities, the areas of risk. The policy of 
social development and population targeted 
six goals and thirty-one action to reduce 
disaster risks, including the strengthening of 
public administration and social organizations, 

FIG. 6. Flood Hazard Map
SOURCE: CONRED (2001).
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Empirical evidence indicates opposing positions 
and strong of important interest groups in 
relation to who is the owner of the waters, of 
how rights are allocated for development and 
who and how externalities assumes positions 
that are not always consistent with constitutional 
standards and legislation. 

Similarly, public institutions has been 
affected by the sectoral vision of unique 
applications, lack of coordination at central 
and municipal and social positions contrary 
to government decisions, as to the fate of 
water use, such the case of hydroelectricity 
with private participation. 

Therefore, to move towards effective water 
governance, the proposed policy recommends 
build social pacts by which they distribute the 
benefits and costs of their exploitation, which 
could then be translated into public policy tools 
and new legal and institutional arrangements 

as well as social practices successful rescue of 
various characteristics. 

Several of the current public policies consider 
the water sector approach and / or forest 
conservation and the environment. In the 
first case relating to certain uses and second, 
the water recharge Environmental Policy 
refers to a set of measures to protect water 
quality associated with the inventory of water 
and other actions for IWRM. Among others, 
the commitments of the peace agreements 
define the need to adjust the water use 
rights of uprooted populations. Forest Policy 
specifically includes actions to recharge aquifers 
and headwaters watershed protection and 
protected areas, payment for environmental 
services. Social Development Policy and 
Population refers to the risk management 
systems for water threats, and rural development 
considered important to introduce or improve 
water and sanitation services and proposes to 
set payment for environmental services cycle 
regulation hydrology. 

While these policies concern secondary 
to some of the issues of integrated water 
management, do not express any strategic 
measure to ensure the participation of water 
in meeting its objectives and targets thematic, 
sectoral or regional mechanisms and lack of 
coordination between them. These policies will 
simply assume that water to meet the needs 
raised by them. Therefore, the draft policy 
aims to build bridges to bring the thematic and 
sectoral shares raised and give identity to the 
water in the process of national development 
through the institutionalization of coordination 
mechanisms for integrated water management 
within Policy Framework and Strategy. 

at the top, and therefore water quality is 
impaired since birth, and then in the middle 
and low agro downloads are added. At the 
bottom, the floods that occur every year in 
the late rainy season, affecting the safety and 
property of persons located in the plains. 

According to FAO, about 50% of the 
surface waters are taxed to Mexico, with 
whom there’re water treats and adjoining 
boundary and water commission, but not for 
shared water use. Foreign ministries of both 
countries agreed to establish an international 
water agreement in 2009, following a border 
issue between San Marcos and Union Juarez 
in 2007.

17. Governance
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Global warming and increased ocean 
temperatures create the conditions necessary 
for the El Niño phenomenon is more frequent, 
and as a result, the country produces an 
alteration of the normal pattern of rainfall, 
accompanied by a decrease in the able to 
produce significant rain drought, especially 
after it disappeared. 

As information available reads, the current 
trend is toward warming climate, which 
has direct effects on the behavior of water 
events that can cause disasters. Due to higher 
temperature, the thermal conditions of sea 
water, necessary for the development of 
tropical cyclones, is reached more often, so it 
is estimated that the number, size and intensity 
of tropical cyclones will increase, as indeed has 
experienced in recent years with high hurricane 
activity, with the 2005 season the most active 
of which information is available. 

18. Due to Global Change Scenarios

19. Water, Culture and Religion
The Mayan culture, over the centuries, has 
defended nature from a sacred point of 
view. The relationship it has with the living 
environment is harmonious and attributes 
life to everything, including water. In their 
worldview, the sphere of center (Ukux) is 
the heart of heaven, earth, concentrating 
and generates vital energy, and the water 
element, headed south (of the four cardinal 
points), represents the emotional body. One 
of the four elemental beings interacting 
in the ceremonies (deities and forces 
Kaculjas) is the energy or water undines 
(Cips Kaculjas). Within 20 nawals (glyphs 
that compose the Chol Q’ij sacred calendar, 
the basis of their spirituality and guide the 

development of life), is Imox, represented 
by the lizard, which is the principle source of 
water is the left side, the ability to break with 
the rigid structures and patterns. The lizard 
as a symbol in the Mayan universe that holds 
the world on his back and it determines that 
the rain arrives on time. 

The conception of the world for the Mayan 
is the maintenance of the total balance, 
which implies a permanent concern for the 
environment, circumstances and nature of 
each entity at all. Water, considered divine 
spirit is respected as one of the formants of 
man, so also deserving of benevolence and 
identification. Where before birth, speaks 
with rivers and lakes, often called the song 
of the brook, the murmur of a stream, the 
silence of the wells, and the bravery of the 
torrential rain. 

Victor Chaicoj (Mayan priest), note that each 
year the elderly organized to go to ask for 
rain in the hills, go at night and bring gifts, 
food and beverages. It is the best place to 
dialogue with the mountain spirit air, fire and 
water, to make possible the rain, in order to 
pray for the life of all beings depend on water. 

Mayan religion is polytheistic: their gods 
are the elements (like water), atmospheric 
phenomena and celestial bodies; it’s also 
dualistic, based on the principle that good 
and evil are equally divine, remaining in a 
constant struggle (as that affects the fate of 
humanity) and inseparable. The benevolent 
gods produce, for example, the rain (which 
is god Chac, the most popular descent, 
being by extension, the god of fertility and 
agriculture), while the malevolent, are blamed 
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4. Availability
4.1 Distribution of Rainwater

In the XIXth century, as a result of the Lerdo 
Law, communities were dispossessed of their 
land and waters, resulting in the concentration 
of these resources in the hands of a small few. 
In 1915, the Agrarian Law, foundation of land 
reform, returned and provided land, water 
and mountains to communities once again.
Towards the end of the XIXth century and even 
during the beginning of the post-revolutionary 
period, the Mexican government began to 
centralize water management once it had 
studied the situation of the resource and after 
having built the relevant institutions.  As the 
country developed, from 1950 to 1990 water 
use increased intensively in accordance with 
the Irrigation Law of 1926. 
This brought about the construction of 
numerous hydrologic works of great 
importance to regulate rivers, as well as 
investment in the drilling of deep wells which 
in many cases led to overexploitation of rivers 
and aquifers as well as the desiccation of 
lakes, especially in the north and center of the 
nation where agriculture, industry and cities 
were flourishing.

Government reform in 1983 set the stage 
for decentralized management of water 
resources, returning the administration of 
water and sewerage services to municipalities; 
nevertheless the reform ignored communities 
that were already in charge of water 
management, provoking their confrontation 
with municipal heads. When the National Water 
Commission CONAGUA (Comisión Nacional 
del Agua) was created in 1989, decentralization 
policies included irrigation districts. In 1992 a 
new law for national waters was decreed and 
CONAGUA began to promote water markets 
and private investment in water services, 

The average annual precipitation in Mexico 
is 775 mm (FIG. 1), equivalent to 47,980m3/s 
(CONAGUA, 2008). Of these, 72% are 
evapotranspired, 26% corresponds to surface 
run-off, while only 2% is used. In addition, the 
country receives 1,586 m3/s from the United 
States and Guatemala and sends close to 14 
m3/s to the United States in accordance with 
the 1944 International Water Treaty. Aquifer 
recharge reaches 2,471m3/s nationally of 
which 889 m3/s are extracted for use. 
Agriculture uses 77% of water resources, 14% 
is for public supply, 5% is used to generate 
electricity and 4% for industrial purposes. 

MEXICO

FIG. 1. Rainfall Distribution

SOURCE: CONAGUA, 2008

including construction of infrastructure such as 
hydroelectric dams (Aboites et al., 2010).
Unfortunately, this decentralizing process did 
not consider that nearly half of all water for 
irrigation was already  administered by users. 
Finally, although amendments to the National 
Water Act in 2004 did not change many 
principals, it modified the way government 
operates.
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states. However, in the remaining states (Baja 
California, Durango, Jalisco, Nuevo León, 
Querétaro, Quintana Roo, Tabasco, Veracruz 
and Yucatán), management continued to be 
a state responsibility as municipal capacity 
was not considered appropriate to provide 
the services (Pineda et al., 2002).  The 
agencies operating water services in the 
country follow a wide variety of schemes. 
In some states, they are decentralized and 
administered by municipalities; in others, 
they are inter-municipal state agencies; 
still others are committees or commissions 
controlling operation and domestic services 
in all or most of the state (Sandoval, 2010). 
Most organizations have chosen to continue 
being public, and only in exceptional cases, 
have services been given under concession 
to private businesses (CONAGUA, 2003). 
Examples include Aguascalientes and Cancún, 
service contracts in Mexico City and Puebla, 
and the mixed venture in Saltillo (CONAGUA, 
2003). It has not been possible to establish 
fee approval by administration councils as 
a result of court rulings that determine that 
charging for water services is typified in fiscal 
terms as a right, and thus must be approved 
by legislatures (Pineda, 2008). Unfortunately, 
agency managers are appointed every three 
years according to political criteria, therefore 
rotation of personnel is high and the lack of 
adequate technical knowhow is frequent. 

CONAGUA has set up several programs to 
improve urban water services, such as Drinking 
Water, Sewerage and Sanitation in Urban 
Areas (APAZU - Agua Potable, Alcantarillado y 
Saneamiento en Zonas Urbanas), The Program 
for Return of Rights (PRODDER - Programa de 
Devolución de Derechos) and The Program for 

MEXICO

The following is the course of the institutional 
framework for water management throughout 
the XXth century (Sandoval, 2010).
• From the mid XIXth century to 1948, 
services were under municipal management 
and occasionally supported by private 
businesses by means of concessions.  
• Between 1948 and 1983, the federal 
government, located in Mexico City, 
centralized service control.
• From 1983 to 1989, responsibility of 
water and sewerage services was again 
transferred to municipalities. 
• From 1989 onward, the creation on the 
National Water Commission began a new 
stage known as modernization. 

In 1989, CONAGUA determined that agencies 
operating water resources lacked sufficient 
technical and financial capacity to properly 
supply services (Pineda et al., 2010). To 
overcome this situation, the Programa Nacional 
de Agua Potable y Alcantarillado, proposed 
that these agencies should:
• Operate as decentralized companies.
• Include management boards to fix fees or 
tariffs; among other functions. 
• Use financial resources collected exclusively 
to provide services.   
• Be financially self-sufficient as well as 
improve technical and administrative 
capacities. 
• Use citizen participation as a lever to 
improve services.

Consequently, most state governments 
enacted their own sanitation and sewerage 
laws, and towards the mid-1990’s, these 
services were managed by municipalities in 22 

5.1.2 Institutional Framework
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Modernization of Water Operating Agencies 
(PROMAGUA - Programa de Modernización 
de Organismos Operadores de Agua). APAZU 
builds and broadens tap water, sewerage and 
sanitation services in places with over 2,500 
inhabitants. From 2001 to 2005, 2,526 million 
pesos were invested in this program, giving 
426 thousand people access to tap water and 
348 thousand access to sewerage systems; in 
addition sanitation services were improved 
for 2.5 million inhabitants and sewerage 
services for 3.2 million (CONAGUA, 2009). 
On average, this represents an investment 
of 390 pesos per person. On the other hand, 
PRODDER intends to improve efficiency and 
infrastructure by returning fees for the use 
of national water to operating agencies. In 
2006, 1,495.8 million pesos were returned; 
in 2007 1,685 million and in 2008 a total of 
1,941 million pesos (CONAGUA, 2009). 
PROMAGUA intends to support agencies 
that operate water services in places with 
more than 50,000 people so they may 
improve services by promoting private capital 
participation. Projects subject to support 
include: (1) those for the improvement 
of integrated management by means of 
actions directed to increasing physical and 
commercial efficiency; (2) those to supply 
water; (3) those for sanitation; (4) macro-
projects, such as aqueducts and sanitation 
projects of great importance. Private sector 
participation is planned to be by three 
modes: through partial or integrated services 
contracts, by setting up a mixed capital 
company, or by granting a term of entitlement. 
PROMAGUA can provide a non-redeemable 
maximum of 49% for macro-projects and 
40% in the remaining three types of projects. 
(CONAGUA and SEMARNAT, 2009). The 

development of operative agencies has 
also been hindered by financial aspects in 
the past. In 1992, CONAGUA created the 
so-called “blending of resources” in order 
to finance water services; thus the federal 
government contributes part of the funds 
as a way to direct investment priorities and 
maintain a degree of control over technical 
issues. This has given rise to a mechanism 
of virtual control by persuasion for the 
design, building and programming of 
actions, as well as to a certain degree, 
their operating performance, as a result of 
linking financial support to the compliance 
of conditions and specifications as 
determined by the federal authority. It 
is worth mentioning that this tendency 
is also used by The Program for Return 
of Rights (PRODDER) as the Federal 
Government returns fees collected for the 
right to use national waters to operators 
under the condition that they invest an 
additional amount in a project portfolio 
approved by CONAGUA. 

The progress achieved by these three 
programs is shown in Table 2.
As to the results of these programs, national 
tap water coverage grew from 89.6% in 
2006 to 89.8% in 2007; sewerage coverage 
increased from 86% to 86.1% in the same time 
span, and finally water treatment increased 
form 36.1% to 38%. In numerical terms the 
increases are only slight, and it is unclear if 
there have been improvements in service 
efficiency and private sector participation 
(Pineda et al., 2010), nor the advantages and 
benefits of these. Table 3 shows information 
for tap water coverage for the 21 cities for 
which data are available.
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Aprovechamientos Hidráulicos of the SARH, 
URDERALES for CADER of the SARH’s DDR, 
water for ejidos and rural communities on 
behalf of the Ministry for Agrarian Reform, 
were discarded. 

Thus at present, there is little official 
information available on the number of 
users, irrigated surface, cultivation patterns 
and the most basic statistics on agricultural 
production and water volumes used. 
Nevertheless, it is known that in 2006, the last 
year with statistical data for “irrigation units”, 
these were more productive and had greater 
water yield than irrigation districts (Table 4).  
As with “great irrigation”, the name “minor 
irrigation” doesn´t imply that all of these areas 
are truly small, as there are systems reported 
to have a size of 10 thousand hectares (Palerm 
et. al., 2009).

Production in irrigation districts has increased 
from 32 million in 1990, to 35 million in 2008, 
without increasing the irrigation area or the 
use of water; unfortunately information in 
this regard is lacking for irrigation units. 
Parallel to this increase, gross volume of 
water for irrigation –i.e. water extracted for 
irrigation from the supply source, including 
the volume infiltrated and evaporated 
during its conduction and distribution, has 
remained relatively constant at 30,000 Mm3. 
This improved efficiency is due to: (a) better 
conservation of hydro-agricultural works, 
(b) improved efficiency of water conduction 
and distribution networks, and (c) improved 
techniques for land irrigation (Palerm et 
al., 2010). In spite of these positive results, 
irrigation districts and units suffer the 
following problems:

• Insufficient institutional capacity.- 
During the XXth century, minor irrigation 
organizations went through abrupt 
changes caused by modifications in 
legislature; while most recent legislation 
promotes smaller organizations 
instead of recognizing those already 
in existance. An additional problem is 
that modules continue to be controlled 
excessively by CONAGUA within water 
districts.
• Over-granting of concessions for surface 
water and poor registration and control 
of water use in the Public Registry for 
Water Rights (REPDA -Registro Público 
de Derechos de Agua). This registry has 
intended to record all water anew, instead 
of giving continuity to the concessions 
granted previously; a difficult task as there 
are 6 million hectares for irrigation and 
other uses of water in the country. 
• Overexploited aquifers.
• Disproportionate concentration of water 
within some irrigation districts. 
• Lack of combined management of surface 
and groundwaters.

Official information regarding water and 
industry is confusing, imprecise, hardly 
systematic and is not published in an 
updated manner; industry as a unit also lacks 
its own information (Aboites et al., 2008). 
Consequently, the true situation in this sector 
is not well known.

5.3 Industry

Approximately 20% of the water used in the 
country, equivalent to 130 m3/person/year, 
is used industrially. In 2007, industrial use 

5.3.1 Use and Efficiency
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5.4 Ecological Use
It has been estimated that Mexico has 
nearly 14,523 m3/s of blue water1, or 
renewable freshwater available per year, 
and a total of 32,215 m3/s of green water2 
per year corresponding to evapotranspiration 
(CONAGUA, 2008). Blue water availability 
is comprised by approximately 83% surface 
water and 17% groundwater. Considering 
that green water includes not only the water 

Blue water. Water from rivers and aquifers.
Green water. Water used to produce green 
biomass, entering through the roots of 
plants and released into the atmosphere 
by foliage (Lundqvist and Steen, 1999).

1
2

released through evapotranspiration but 
also the blue water that eventually turns into 
green water, the total water volume entering 
the Mexican territory, which is 1,920,725 m3/s 
(3.93%), becomes green water by consumptive 
use. If the volume of water included in other 
consumptive uses is ignored, (1.19%), data 
suggest an environmental water flow, or water 
volume needed to feed rivers and lakes, of 
about 12,018 m3/a (24.65%). These percentages 
are still higher than those of countries like India 
and Kenya, which respectively have values of 
11% and 1.7% (Ruelas et al., 2010).  
Table 8 and FIG. 7 show the environmental 
flow by hydrologic region. This flow fluctuates 

Table 8. Water distribution in Mexico, according to the Falkenmark model

Hydrologic administrative 
Region Blue water (Mm3) Green water 

(Mm3) Gr-Bl water (Mm3) Environmental 
flow (Mm3)

I Baja California Península 4,616 18,034.64 2,889 1,113

II North West 8,204 76,085.09 6,517 631

III North Pacific 25,627 79,972.22 9,674 15,251

IV Balsas 21,651 84,651.32 6,324 10,874

V South Pacific 32,794 53,649.91 991 31,450

VI Río Bravo 12,024 139,374.3 7,690 2,834

VII North Central Basins 7,780 71,616.8 3,368 3,946

VIII Lerma Santiago Pacific 34,037 254,422.1 11,444 20,165

IX Northen Gulf 25,500 82,063.78 3,631 20,817

X Center Gulf 95,455 61,103.87 2,873 90,588

XI Southern Border 157,754 26,415.36 1,588 155,625

XII Yucatán Península 29,645 125,639.47 1,343 27,512

XIII Waters of Valle de México 3,008 6,379.44 2,240 -1,659

Source: Ruelas et al., 2010
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• The lack of a strategic system to provide 
incentives for industries that promote and 
apply programs, actions and projects for 
cleaner production and the efficient use, 
reuse and recycling of water.
 • The lack of social responsibility on behalf 
of many industries.
• Corruption and influence peddling while 
applying laws and regulations.
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this purpose, nearly the same amount as in 
agriculture (Sheinbaum et al., 2010). 

Public information concerning consumption 
of energy for the various activities related to 
water and sewage, is deficient, especially 
in big cities and municipalities with high 
and medium voltage rates. The reason for 
this is that water and energy policies and 
management are under the responsibility of 
various institutions, and with the exception 
of hydro-electricity, they hardly work in 
coordination, (Sheinbaum et al., 2010). 
Water is used for a variety of activities in the 
energy sector, although it is mostly consumed 
in the processing and extraction of fuels; in 
addition, final consumption of energy implies 
minimal water requirements (Sheinbaum et al., 
2010).
The main water sources for extraction 
and processing of energy are the rivers 
Coatzacoalcos, Huazuntlán, Ramos and Tamesí, 
as well as the Salamanca, Cadereyta and Tula 
aquifers, among others. In 2008, the total water 
resources used by Pemex reached 7,540 m3/s, 

of which 3% corresponds to Pemex Exploring 
and Production (PEP - Pemex Exploración 
y Producción), followed by Pemex Gas 
and Basic Petrochemistry (PGPB - Pemex 
Gas y Petroquímica Básica) representing 
18%,  Pemex Petrochemistry (PPQ - Pemex 
Petroquímica) with 24%, and Pemex Refining 
(PR - Pemex Refinación), 55%. Nearly 52% of 
the water consumed for refining comes from 
groundwater sources and 42% from surface 
water, while most of the water used for gas, 
basic and secondary petrochemistry comes 
from surface sources (FIG. 8, Sheinbaum et 
al., 2010).  Although the overall use of water 
for the various activities in the oil industry 
has been declining, water used to refine oil 
showed an increase between 2005 and 2008 
(FIG. 9). Nevertheless, the figure for these 
years, 120 m3/m3 product, remained below the 
value for 2000. 

These savings are the consequence of water 
recycling, and it could be said that the 
increases result from less efficient use. On 
comparing use per product between 2001 and 

FIG. 8 Water Consumption According to Source 
and Oil Industry Branch.

SOURCE: SHEINBAUM ET AL., 2010

FIG. 9 Tendencies in Water Use by Pemex According 
to Activity  (Mm3)

SOURCE: PEMEX (2001-2009)

MEXICO





413

6.2 Water Sources 
Water consumption by the CFE in conventional 
and combined-cycle thermoelectric plants is 
shown in Table 10. It can be seen that CFE 
uses sea and sewage water in addition to 
surface and ground water.  According to 
Pemex reports, treated water for reuse has 
been increasing, reaching 951 m3/s in 2008, 
correspondingly residual water discharge has 
fallen, although an increase can be observed 
since 2006 (FIG. 10).

FIG. 10 Total Water Discharge by Pemex in m3/s, Data 
lacking for 2005.

SOURCE: According to information by Sheinbaum et al., 
2010

During oil extraction, water from underground 
formations is released along with oil and gas, 
this is called congenital water. Its quality varies 
according to the deposit, but in most cases it 
includes a variety of contaminants, noticeably, 
a high degree of salinity. This water is generally 
discarded at high cost, either by deep injection 
into land or by discharging it to the environment 
after treatment. Almost all congenital water 
in Mexico (88.9%) is re-injected (Most recent 
Sustainable Development Report to 
specify percentage reinjection). The Official 
Mexican Norm issued in 2003 determined the 
environmental specifications for the handling 
of congenital water associated to oil, and 
established the maximum permissible limits 
for various contaminants in congenital water 
discharge as well as the necessary characteristics 
that must be present in re-injection wells 
(SEMARNAT, 2003). As a result of the use 
of water treatment plants, discharge of 
contaminants has been falling. In 2000, total 
discharge was 5,541 tons, corresponding to 
23% fats and oils, 61% total suspended solids, 

6.3 Contamination and Control

14% total nitrogen and the rest to other organic 
compounds; while in 2008, total discharge 
was 2,486 tons, of which 15% correspond to 
fats and oils, 69% to suspended solids, 14% 
to total nitrogen and the rest to other organic 
compounds (Table 11). Since 2006, data on 
BOD and heavy metals have been published, 
and in 2008 they were reported at 1,306 and 
28 tons respectively. Oil refining is the activity 
that generates the most contaminants. It is 
interesting to note that although organic 
compounds pose the greatest risks, even at 
very low concentrations, information about 
them is lacking. During 2008 more than 228,000 
m3 (7.2 m3/s) of wastewaters were treated, 
of which  25,850 m3 (0.8 m3/s) were used to 
irrigate green areas and the rest for other 
purposes (CFE, 2008).

MEXICO

used in the country for hydroelectric plants, 
which generate 12% of the nation’s electricity. 

7. Quality of Water
7.1 Monitoring
Data on water quality are obtained through 
the National Monitoring Network, which in 



414

MEXICO

7.2.1 Surface Water
Surface water of excellent quality fell from 
28% in 2003 to 24% in 2007. The opposite 
tendency was observed for water considered 
to be of good quality, showing an increase of 
close to 4 % in the same period, while water 
classified as strongly contaminated remained 
constant. Water of the lesser quality is found 
in the watersheds of Lerma Santiago, Balsas, 
Golfo Norte, Grijalva and Papaloapan, Bravo, 
Pacífico Norte and Golfo Centro. Information 

7.2 Quality of Sources

Table 11. Water Contaminants According to Activity by Pemex (tons)

2000 2001 2002 2003 2004 2005 2006 2007 2008

PEP

Fats and Oils 84 53 55 38 41 81 101 60 41

Total Suspended 
Solids 297 260 228 224 229 320 306 329 222

Total Nitrogen 33.0 5.0 1.0 1.0 0.0 0.5 0.7 0.1 0.0

Other 71.0 0.0 0.0 0.0 0.0 0.1 0.2 0.2 0.0

Total Discharge 485 318 284 263 271 401 407 390 263

BOD 320 333 543 114

Heavy Metals 3.8 0.8 2.0

PR

Fats and Oils 946 651 228 156 153 147 147 214 166

Total Suspended 
Solids 1,233 1,274 951 600 646 669 687 885 813

Total Nitrogen 513 689 450 386 283 233 227 286 263

Other 18 44 34 30 43 34 32 31 35

Total Discharge 2,710 2,658 1,663 1,171 1,125 1,083 1,091 1414 1277

BOD 586 565 749 526

Heavy Metals 10 14 12

PGPB

Fats and Oils 50 53 55 50 44 133 49 96 80

2008 consisted of 389 permanent monitoring 
stations (207 of these located in bodies of 
surface water, 52 in coastal areas and 130 
in aquifers) and 285 mobile stations (241 
located in bodies of surface water, 19 in costal 
areas and 25 in aquifers) (CONAGUA, 2008).
Mostof these stations are located in inhabited 
areas and some in industrial areas (FIG. 11), as 
a consequence information is lacking in many 
parts of the country such as the Baja California 
peninsula, Yucatán, Guerrero, Oaxaca and 
Chiapas (Jimenez et al., 2010).
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2000 2001 2002 2003 2004 2005 2006 2007 2008

Total Suspended 
Solids 322 220 233 198 200 741 175 214 229

Total Nitrogen 82 112 87 74 76 32 72 58 54

Other 5 7 6 5 5 13 6 8 4

Total Discharge 459 393 381 327 325 920 303 376 368

BOD 269 261 333

Heavy Metals 4 1

PPEQ

Fats and Oils 140 156 85 59 104 133 66 76 81

Total Suspended 
Solids 1,418 691 622 819 359 741 464 414 459

Total Nitrogen 113 7 7 8 9 32 34 28 24

Other 16 3 2 5 4 13 21 15 14

Total Discharge 1,687 857 715 892 475 920 574 532 578

BOD 489 300 209 333

Heavy Metals 25 12 13

Source: Sheinbaum et al., 2010

FIG. 11. National Monitoring Network Sampling Sites and Location of the Main Tourist Destinations, 
Population Centers  and Industrial Areas. 

SOURCE: JIMÉNEZ ET AL, 2010

MEXICO

Table 11 (cont.) Water Contaminants According to Activity by Pemex (tons)
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Aguascalientes and Chihuahua. On the other 
hand, hexavalent chromium from both natural 
and anthropogenic sources has been found 
in the aquifer of the northern part of the 
state of Guanajuato, while overexploitation 
of aquifers in urban areas contributes to 
infiltration of residual water from sewage 
networks, although information on this is 
scarce. Residual water permeates eight 
aquifers in the central region of the country 
and one in Yucatán. This is reflected in levels 
of ammonia nitrogen and nitrates higher 
than the maximum allowed by the norms for 
drinking water in aquifers in Mérida, Tlaxcala 
and Valle de Tula, in Hidalgo; indeed there is 
evidence of fecal contamination in the water 
table of Tula and the southern part of Mexico 
City. FIG. 13 shows the geographical location 
of some of the aquifers mentioned above.

FIG. 13. Location of Aquifers Suffering
from Quality Issues

 SOURCE: Adapted from CONAGUA, 2007

7.2.3 Drinking Water
According to data from COFEPRIS (Comisión 
Federal para la Protección contra Riesgos 
Sanitarios –Federal Commission for the 
Protection Against Sanitary Risks), in July of 
2009, chlorination efficiency in the nation was 
on average 90.5%. While states such as Chiapas 
and Michoacán obtained values below the 
average, Baja California Sur, Quintana Roo 
and Coahuila show a chlorination efficiency 
of 100%. In addition, chlorination efficiency 
was observed to increase in the states of 
Durango, Tamaulipas and Chiapas by 17%, 
8% and 6%, respectively, in contrast with 
Sonora and Chihuahua, where it fell 14% and 
24%, respectively (FIG. 14).
Likewise, studies show that although water 
reaches homes with relatively acceptable 
quality, as it goes through home water tanks 
and cisterns, it deteriorates significantly; in 
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other words, the lack of continued home 
maintenance is also a cause for decrease in 
quality (Jiménez et al., 2010). As to the quality 
of water in homes, very few studies have 
been published and the scarce data available 
only cover specific and occasional sampling 
to assess fecal coliform bacteria and residual 
chlorine, while excluding the 38 physico-
chemical parameters established by the 
Mexican Norm.  Agencies operating water 
plants in Mexico are under no obligation 
to sample water quality and make this 
information public.

7.2.4 Bottled Water
The consumption of bottled water is very 
important in the country, as Mexico is the world’s 
second consumer of bottled water and the 
first consumer of bottled soft drinks (FIG. 15). 
It is worth mentioning that in spite of the high 
use of bottled water and the presence of the 
NOM-201-SSA1-2002 norm which refers to the 
sanitary specifications of bottled or packaged 
water, there is no public information on behalf 
of COFEPRIS with respect to its quality.
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8. Sources of Contamination
In Mexico, water contamination is mainly a 
consequence of rubbish being thrown into 
sewage systems, rivers and lakes, discharge 
from urban and industrial centers as well as 
contamination from agricultural areas, all 
of which are the main producers of diffuse 
contamination in the country.

From 1985 to 2007 the flow of municipal 
residual water increased 34% as a consequence 
of an increase in population from 58.2 million 
to 103.5 million in this period.  Residual water 
volume from industrial sources tripled between 
1992 and 1996, and from then on, has not 
shown important variations. Diffuse discharge 
of agricultural origin, reported occasionally, is 
nearly three times the volume discharged by 
municipalities (Jiménez et al., 2010).
FIG.16 shows the load of biodegradable 
organic contamination (BOD5) discharged into 
the environment, assuming that infrastructure 
for treatment works adequately when it is 
available. It can be observed that in 23 
years, the contaminant load discharged by 
municipalities has decreased 16%, while that 
of industrial origin has doubled in the same 
period.  As a result, the total discharge due 
to organic contamination from municipalities 
and industry has increased 45% from 1984 to 
2007 in the nation.

FIG. 16. Annual load of contaminants measured as BOD5 
discharged into the environment between 1984 and 
2007 by municipalities and industry, after treatment 

(with information from Jiménez,
2005 and CONAGUA, 2008)

It has been calculated that Mexico currently 
produces 431.7 m3/s residual water from 
municipal and non-municipal sources; 243 
m3/s of these correspond to municipal sources, 
of which 207 m3/s (85%) are collected.
Out of the collected residual waters, 83.8 
m3/s (40.5%) are treated while 123.2 are not. 

8.1 Municipal Residual Water

In 2007, industry produced 188.7 m3/s 
residual water, of which only 29.9 m3/s (15.8%) 
received treatment in 2,021 plants operating 
nationwide (López et al., 2010). The most 
polluted watersheds receive industrial wastes 
and correspond to the rivers Grijalva and 
Coatzacoalcos, where the effluents of sugar and 
petrochemical industries are dumped. These 
watersheds are followed by the Papaloapan, 
receiving effluents not only from beer and 
chemical industries but also from distilleries 
and tanneries, and the Pánuco, contaminated 
by discharge from oil industries As occurs in 
most Latin American countries, vigilance and 
control of industrial contamination is scarce, 
especially with respect to “dry” industries, i.e. 
those that hardly use water or do not use it 

8.2 Industrial Residual Water

MEXICO

It is worth mentioning that in 1997, there were 
1,712 treatment plants in the country, officially 
operating at 74% of their installed capacity.
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8.3.2.2 Industrial
From 1999 to 2007, the flow of treated residual 
industrial water (of non-municipal origin) has 
been relatively constant between 30 and 
40 m3/s, although only 13 m3/s of the total 
residual water produced by industries, i.e. 7%, 
fulfills regulations (Jiménez et al., 2010). By 
2008, 31% of PTARI (Industrial wastewater 

treatment plants) treated their residual water 
primarily; 55% even reached secondary levels 
of treatment, while only 3% applied advanced 
processes (tertiary level). There is no specific 
information available for the remaining plants 
(11%) (López Zavala et al., 2010).

It has been considered necessary to 
complement infrastructure with other kinds 
of instruments to control contamination, 
in addition to increasing the number of 
treatment plants and the volume of water 
treated according to regulations. It is 
necessary, for example, to establish incentive 
and penalizing policies for those who 
produce, use or discharge toxic recalcitrant 
substances, i.e. those that cannot be removed 
in treatment plants or which can even cause 
them damage. It is also necessary to promote 
comprehensive watershed management 
by means of a program directed to the 
preservation and improvement of the quality 
of surface and groundwater under the current 
conditions and with prospect for the future 
(López et al., 2010). 

8.3.2.3 Private Sector Participation 
In the country, private participation in water 
treatment is much more common than in 
drinking water services. Treatment plants 
under this type of plan exist in Puerto Vallarta, 
Toluca, Chihuahua, Ciudad Juárez, Torreón 
and Ciudad Obregón. In addition, there 
are 26 cases of private participation in the 
building of treatment plants (CONAGUA, 
2003), of which those in Mexico City stand 
out. The advantages of these concessions 
have not been reported, nevertheless there 
has not been an increase in the number of 
cases including private participation.

MEXICO

at all, and therefore do not register residual 
water discharge, although they do pour solid 
and liquid non-water wastes into sewers and 
surface and underground bodies of water. 
(Jiménez Cisneros, 2006). 

8.3.1 Water Purification Plants
In 2007, there were 541 water purification 
plants in the country, although they were 
working at only 72% of their designed 
capacity (CONAGUA, 2008). These were 
processing close to one third of drinking 
water, while the rest of the water, due to its 
origin, was only disinfected.

8.3 Infrastructure for Control

8.3.2 Treatment Plants
8.3.2.1 Municipal
As a consequence of increased residual water 
discharge in the country due to population 
and industrial growth, CONAGUA has 
focused on promoting sanitation of specific 
municipal sources, although not all treated 
water complies with the corresponding 
regulations. Isolated reports state that 
in 1999, when the treated flow was 44 
m3/s, only 5% of it fulfilled regulations 
(Aboites, et. al. 2008), while in 2007, the 
1,712 treatment plants in the country were 
operating at 74% of installed capacity, as 
previously stated.
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8.4 Use of Energy by 
Infrastructure for Control
Table 12 shows the use of energy by the 
infrastructure used for sewage and sanitation 
services. Use is underesetimated due to lack 
of information on the users paying industrial 
fees (Scheinbaum et al., 2010).

Currently, several areas in the country depend 
on treated or untreated residual water for 
productive activities such as agriculture; 
therefore it is essential to officially recognize 
the reuse of water as an additional source of 
water. For example, Mexico is the second 
country worldwide, after China, in the use 
of crude residual water for irrigation of more 
than 180,000 hectares and treated residual 
water for irrigation of approximately 70,000 
hectares (Jiménez, 2006).
According to water statistics in 2008, 
nearly 150 m3/s residual municipal water 
were reused in the country. Transference to 
agriculture (87.5 m3/s), stands out and to a 
lesser degree, industrial use (7,2 m3/s). Reuse 
of industrial water from sugar refineries is 
basically directed toward growing sugar cane 
(42.8 m3/s) and it represents half the volume 
of residual water used in agriculture (Ruelas 
et al., 2010).

9. Reuse

Use of 
Water

National 
Estimate

Use km3 TWh

Table 12  Estimate of Energy Consumed in the Supply, 
Treatment and Pumping of Sewage Water

10.1 Information and Overall Situation
Although Mexico is a country with median 
income, the health risks it suffers are greater 
than those of similar countries, mostly due 
to the fact that water-borne diseases are still 
among the five main factors that affect health 
(Mazari et al., 2010). According to Mazari et 
al., (2010) a detailed analysis of the problem 

10. Effects on Health

MEXICO

Irrigation 60.6

Irrigation by gravity n.a.

Irrigation by pumping 
(tariffs 9)

n.a. 8.05

Public self-supply 11.1

Groundwater 6.9

Surface water 4.2

Tariff 6 1.51

Cutzamala 0.89

Purification 2.7 0.71

Treatment 2.5 1.65

Treatment in Industry 0.94 0.62

TOTAL 13.43

% National Use 7.1%

Source: Sheinbaum et al., 2010

is difficult due to quality of the information, 
especially because:
• Gastrointestinal diseases of fecal-oral 
transmission are not only associated with 
the consumption of contaminated water but 
also of contaminated food, including foods 
eaten raw (for example, salads). Thus, if this 
information is used, it might be assumed that 
food contamination is due to contaminated 
water and not its unhealthy management.
• The categories considered by the 
Epidemiological Bulletin issued by the 
Ministry of Health (SS –Secretaría de Salud) 
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10.3 Comparison with Other Countries
The incidence of infectious intestinal diseases 
reported in Mexico is greater than that in 
countries with a similar GNP such as Argentina 
and Chile and could be related to better 
coverage of basic water services in these 
countries. In addition, it is also important to 
consider the differences between developed 
and developing countries.
The prevalence of Helicobacter pylori in 
young children for example, is greater 
than 50% in developing countries while 
it is usually less than 10% in developed 
ones. In Mexico, H. pylori infection has a 
seroprevalence of 20% in children below 
the age of one and 50% in 10 years old, 
while in 25 years old adults it is greater than 
80% (Mazari et al., 2010).

consider detection and quantification of the 
organisms related to them. The following 
are considered by the Ministry of Health 
as intestinal infectious diseases and by 
CONAGUA as those relating water quality 
to disease incidence: intestinal amebiasis, 
shigellosis, typhoid fever, giardiasis, intestinal 
infections caused by other organisms and 
those that are ill-defined, bacterial food 
poisoning, paratyphoid fever and other 
salmonellosis, as well as other intestinal 
infections caused by protozoans.

10.4 Poverty and Health 
It has been estimated that improvements in 
public infrastructure to provide homes with 
water has an impact of close to 30% on the 
reduction of diarrheic disease (SEMARNAT, 
2008). A study by Guevara et al., (2010) 
found that the lack of water and sanitation 
services is indeed related to infant mortality. 

11.1 Relationship with Water Availability
Although it is widely believed that economic 
and human development are related to water 
availability, this frequently is not so (Montesillo 
et al., 2010). Mexico has a GDP per capita 
of USD$14,560, ranking 55 among 176 
countries, while its HDI (Human Development 
Index) ranks at 55. In contrast, it ranks 95 with 
respect to annual rainfall.
Montesillo et al., 2010 proved that, similar 
to what occurs in countries, natural water 
availability in individual states is not related to 
economic and human development (quantified 
by Pearson correlation coefficient). In fact, based 
on their analysis they point out the following:
• The greatest concessions for water 
exploitation exist in states with the lowest 
natural water availability, which in turn 
are less densely populated and register 
the lowest water productivity, not only 
regarding aggregate information but also 
information from agricultural and industrial 
sectors;

11. Economic Development

MEXICO

The strongest relation is found between 
infant mortality and the lack of piped-in 
water from public networks, followed by the 
relation between infant mortality and the lack 
of sewage and finally the relation between 
infant mortality and the lack of toilets in 
homes (although the relation is weak, it is 
nonetheless positive).
Likewise, people beyond poverty conditions 
have greater access to public services, thus 
an average of 2.5 infant deaths per 100,000 
inhabitants is observed in those states below 
the national food poverty level and 1.7 
per 100,000 inhabitants in states above it 
(Guevara et al., 2010).
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those that register the highest volumes of 
water concessions, such as Sinaloa, Sonora and 
Michoacán, among others.  Although, in general 
terms and based on the aggregate information 
per state, water productivity is inversely 
proportionate to the volume of concessions, 
an in-depth analysis by economic sector is 
necessary, according to domestic accounting 
systems. However, information available about 
water concessions does not allow this job to be 
done (Montesillo et al., 2010).
Although detailed information is lacking, 
analysis can be performed for some sectors, 
such as sector 11, which involves agriculture, 
livestock, forest exploitation, fishing and 
hunting. From the information and data 
by Montesillo et al., (2010), it is possible 
to conclude that states with the highest 
concession of water, such as Colima, 
Sinaloa, Sonora, Hidalgo and Tamaulipas, 
have low economic efficiency related to 
water for agriculture. On the other hand, 
Federal District, Tabasco, Oaxaca, Jalisco, 
Quintana Roo, State of Mexico, the entities 
with the lowest concessions of water for 
agricultural use, have a higher productivity 
in this regard.

11.3 Rainfall, Volume Granted in 
Concession and Human Development
The correlation coefficient between HDI and 
rainfall has a negative value of - 0.141, and 
can be interpreted to mean that the higher 
the natural availability of water, the lower the 
value of HDI (Montesillo et al., 2010). Likewise, 
the relation between HDI and the total volume 
of concessions per state (coefficient of -0.092) 
is also negative, although because the value is 
low, it could imply that there is no relationship. 
Therefore, we can conclude that natural water 

availability, quantified by rainfall and total 
volume of concessions are not factors for 
economic or human development. According 
to data from the Federal Expenditure Budget 
(FEB), the states with lower volumes of water 
granted by concession and higher natural water 
availability receive less revenues to control, 
manage, treat and distribute water. This 
explains the higher number of inhabitants 
without domestic piped-water service, the 
higher mortality due to hydric factors and, 
consequently, the lower HDI. Thus, the 
volume of water in concession and the FED 
contribute to emphasize HDI inequality in 
states. Furthermore, in correlating the data of 
Table 14 we obtain that the higher the rainfall, 
the higher each of the following factors: 
percentage illiteracy, percentage population 
with incomplete elementary education, 
percentage population in homes without 
electricity, percentage population without 
sewers and sanitary utilities, and percentage 
dwellers in homes without piped water; in 
summary, the higher natural availability of 
water, the higher poverty level and, therefore, 
the lower HDI. The concession volume has no 
relation to the indexes because the correlation 
coefficient in statistical terms is zero.
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12. Gender and Water
Since the 1970’s, international agencies 
have promoted the participation of women 
in water management and improvement of 
use efficiency and conservation as a way to 
increase health conditions and reduce poverty. 
Consequently, Mexico recently included 
elements in its policies to achieve gender 
equity regarding the access to, and control 
of, water (Nazar et al., 2010). Nevertheless, in 
many areas this has not occurred in practice. 
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13.1 National Situation 
In Mexico, 22 million people still lack access 
to sewage systems and 3 million lack drinking 
water services; most of these have low 
income and are greatly vulnerable (Guevara 
et al., 2010). According to poverty limits 
(CONEVAL, 2007)4 it has been calculated that 
until 2006, 14% of the population suffered 
nutritional poverty, 21% human capacity 
poverty and 43% income poverty. FIG. 18 
shows a graph of poverty degree per state.

13. Poverty

As stated by CONEVAL (2007), and according 
to monthly income per capita in August of 2006,  
three kinds of poverty can be defined in rural 
areas: nutritional poverty (598.7 pesos), human 
capacity poverty (707.84 pesos) and income 
poverty (1,086.4 pesos), these same categories, 
but in urban areas are determined by 809.87, 
993.31 and 1,624.92 pesos, respectively.

4

FIG.19 presents the percentage water services 
for rural and urban populations with respect 
to the presence of nutritional poverty. The 
differences are clear and a discrepancy between 
poor homes in rural and urban areas can be 
observed as 70% of poor rural households 
have access to water services compared to 

13.2 Water and Absolute Poverty
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land, they are also excluded from water rights 
(Nazar et al., 2010).

The Blue Agenda for Women (La Agenda 
Azul de las Mujeres), (2006) points out that in 
recent years, the policies for decentralization 
of water management in Mexico found in 
the National Water Law3 (2008), have not 
increased  financial, technical and human 
institutional capacities in women. Dávila-
Poblete (1998, 2000) analyzes how poor 
women in Mexico are losing their water rights 
as a consequence of the transference of 
irrigation district management.
With the appearance of new user associations 
registers, water will be assigned to whoever 
works the land and not to he or she who owns 
it. Although many women do not work the land 
they own, they nevertheless have had authority 
regarding the use of water. This is currently 
changing under the new structures. Women 
have limited participation in the making of 
public decisions due to their confinement to 
the household, and the disadvantages they 
have within communities as a consequence 
of patrilocal marriage rules. Although the law 
stipulates that the participation of users must 
be promoted in various organizational areas, 
women are excluded because water rights 
are not to their names and thus their access to 
irrigation water is informal. The law itself does 
not exclude them, but deeds and traditions 

do, and they also marginalize themselves from 
decision-making organisms (Nazar et al., 2010).
In order to guarantee the participation of 
women, it has been suggested that they 
should be included in technical sessions 
and decision-making as well as in the 
agencies in charge of water policies in the 
country, such as CONAGUA, as control of 
water resources is transferred from state 
to localities.

 Chapter I, Article 5, Paragraphs II and III, as 
reformed on April 29, 2004, states that it “shall 
promote the participation of water users and 
private individuals in the performance and 
management of hydraulic works and services”, 
and “shall favor the decentralization of the 
management of water resources, according 
to the current legal framework”, respectively.

3
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FIG. 18. Degree of Poverty per State

SOURCE : II CONTEO DE POBLACION Y VIVIENDA 2005. 
INEGI. ÍNDICE DE REZAGO SOCIAL, CONEVAL.

50% of poor urban homes (Guevara et al., 
2010). Poverty is also related to access to public 
infrastructure for water supply. 
FIG. 20 shows how homes where there is no 
poverty are more likely to have access to public 
waterworks within the home, while it is more 
probable for a poor home to obtain its water 

from a waterworks connection outside the 
home, or through other sources such as tank 
trucks, wells, rivers, or another home. Again 
the mostly clearly marked difference is between 
rural households in nutritional poverty and 
urban homes without nutritional poverty, as 
only one in every three poor rural households 
has a waterworks connection inside, while 
nearly 90% urban non-poor homes do have this 
service (Guevara et al., 2010).  With respect 
to sewage, only 30% of poor homes in rural 
areas are connected to a sewage system, 
while sewage service coverage for urban non-
poor homes is greater than 90% (FIG. 21). It 
is worth mentioning that 38% of poor rural 
homes have no access to sewage systems 
at all and thus must face adverse conditions 
and probably suffer greater health risks and 
contamination of water sources. Finally, FIG. 
22 shows that the percentage of the total 
income spent on water is greater in poor 
homes than in those that are not poor.

FIG. 19. Frequency of Water Services in Households 
According to Presence or Absence of Nutritional 

Poverty (< $598.70). 

SOURCE: GUEVARA ET AL., 2010

FIG. 20 Source of Water in Households
According to Presence or

Absence of Nutritional Poverty.

SOURCE: GUEVARA ET AL., 2010 
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15.1 Northern Border
The state of Baja California is found in the 
upper northwest of the Republic of Mexico, 
within the territorial strip characterized by 
arid and semi-arid regions. Although the 
region corresponds to the area where the 
world’s major deserts are found, with their 
characteristic scarcity of water for human 
consumption, the lack of water has not been 
a limiting factor for the social and economic 
development of one of the most important 
economic regions in Mexico. Here,  nearly 4 
million people from throughout the country 
have established their livelihood, forming a 
mosaic of cultures, traditions and customs 
that have given rise to a new community on 
Mexico’s northern border (Román et al., 2010). 
The main source of water is the Colorado 
River containing a volume provided annually 
by the American government in accordance 
to the International Waters Treaty of 1994 
(Box 1). This water supplies the municipalities 
of Mexicali, Tecate and Tijuana in the state 
of Baja California and the municipality of 
San Luis Río Colorado in the state of Sonora 
for human use and productive activities. 

15. Transboundary Water

Box 1
Treaty on the International Waters between Mexico and the United States of America. With information 
from Martínez et al., 2010.
The Treaty determines that Mexico delivers water from the Rio Grande to the United States, while Mexico 
receives water from the Colorado River from the US. In addition, it specifies that water delivery is accounted 
for in five-year cycles and “in the case of extraordinary drought, any missing flow will be replaced during the 
following cycle”. However, the term “extraordinary drought” is not explicitly defined in the treaty (Martínez 
et al., 2010). To define this term, first it must be stated that a year is considered to be dry if the sum of virgin 
flow (uncontrolled) is less than 3,388 million cubic meters (Mm3), or the average annual flow registered. 
Likewise, a five-year dry period can be defined as one in which the sum of virgin flows is less than 16,940 Mm3 
(five times the average) in five years. Because the flow to be delivered to the United States per five-year 
period is 2,158 Mm3 and the anticipated water volume for use in Mexico in this same span is 9,825 Mm3, an 
“extraordinary drought” could be considered to occur when the five-year virgin flow is less than 11,983 (2,158 
+9,825) Mm3 (representing 71% of the average five-year flow), which implies that the sum of the surplus from 
the six tributaries is equal to or less than zero.

MEXICO

water management. To the present date, 
indigenous peoples and communities have 
been invisible with regards to the design and 
practice of these policies notwithstanding the 
large volumes of water that fall on their land 
which feed the nation’s aquifers and currents, 
and the extremely important role they play in 
the conservation of vegetation coverage of the 
elevated areas of watersheds (Peña et al., 2010).

Indigenous populations and their local 
governments are key factors in hydrological 
conservation as they sustain soil and the overall 
health of water sources and currents in areas of 
precipitation and recharge.
These activities still require the native 
knowledge these peoples possess. There 
are plenty of examples that prove that 
indigenous peoples know how to defend 
their natural, territorial and water patrimony 
in highly adverse conditions in which they 
confront social stakeholders with enormous 
economic resources and political influence. 
The main problem is that there are no 
policies to incentivize and reinforce native 
knowledge and it therefore it can be lost 
(Peña et al., 2010).
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Another source of water is the aquifer 
beneath the Mexicali Valley, recharged by 
infiltration of the Colorado River as it flows 
to the Gulf of California (Román et al., 2010). 
In this area, the relation between the two 
nations acquires an additional dimension, 
as the population of both countries shares 
the use of water. Not only are the frequent 
droughts a cause of a variety of conflicts, 
but also flooding caused by a lack of 
infrastructure for control when precipitation 
is intense. Based on an analysis of water 
availability for the five municipalities in Baja 
California, it can be stated that only Mexicali 
has a permanent volume of water sufficient 
to cover the demand of the majority of the 
population during the entire year. 

Baja California receives 1,850,234 Mm3/
per year from the Colorado River, equal 
to 9.1% of its annual base flow, which is 
entirely controlled by the US government 
(CILA, 2000). Not all water provided has the 
same quality as 10% is highly saline and is 
inadequate for direct agricultural use. 
To deal with this technical problem, 
the Mexican government has set up a 
procedure in a place called “La Licuadora” 
to mix these waters with those from the 
aquifer in order to reduce the total salt 
concentration and adapt it for productive 
purposes. In a way, both nations have 
helped solve the problem regarding the 
amount of water, although quality, which is 
not dealt with clearly in the aforementioned 
Treaty, has become a problem. (Román et 
al., 2010). 

The situation of the transboundary watershed 
with the United States is of even greater concern 

in the face of the possible effects produced by 
climate change, especially because greater 
drought is expected in the area in the future. 
An increase in temperature and a decrease 
in precipitation would result in more frequent 
and more severe hydrological droughts, as 
can already be observed in the transboundary 
watersheds between Mexico and the United 
States. To a great degree, the problem has 
become more acute because of the important 
increase in urban and industrial consumption, 
not so much due to a fall in the contribution of 
the river basins. (Roman, et al, 2010).

15.2 Southern border (Mexico, 
Guatemala and Belize) 
Water is ubiquitous along the border shared 
by Mexico, Guatemala and Belize. Most of 
the Mexico-Guatemala boundary is fluvial 
(53%) and corresponds to the Suchiate and 
Usumacinta rivers, while nearly the entire 
Mexico-Belize international boundary (87%) 
is determined by the Hondo River. Various 
wetlands and numerous transboundary rivers 
of various sizes extend along both sides of 
the international boundary between Mexico 
and Guatemala in addition to the three 
aforementioned international rivers. Some 
small lakes and lagoons are artificially divided 
by the border, as well as groundwaters the 
transboundary connections of which have yet 
to be studied in detail. This variety of flows 
and bodies of water form six transboundary 
river basins, two running to the Pacific Ocean, 
three into the Gulf of Mexico, and one into the 
Caribbean (Kauffer et al., 2010). Despite the 
above, the Southern border appears to hold 
little importance for the Mexican government 
and its southern neighbors. Thus, information 
about water uses, pollution and extraction is 
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SOURCE: MARTINEZ ET AL., 2010.

FIG. 28 Overdrafted Aquifers on the Coast under Saline Intrusion Risk Due to Sea Level Rise

FIG. 27. Overdrafted Aquifers in Regions that Will Have Temperature Increases and Precipitation Decreases

SOURCE: ARREGUIN ET AL., 2010

MEXICO
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17.1 Overall Situation
As a consequence of its geographic, 
orographic and hydrologic situation, Mexico 
is exposed to the possibility of extreme 
contingencies. Every year, from the beginning 
of May to the end of October, there are up 
to ten tropical storms, four or five of which 
turn into hurricanes that impact on either the 
Pacific or the Atlantic coast. The swellings 
of the main rivers cause important flooding 
in plains and low-lying towns. In small river 

17. Extreme Contingencies

17.2 Institutional Capacity
In the year 2000, the Fund for Naturals 
Disasters (FONDEN) of the Ministry of the 
Interior was created to deal with the effects 
of natural, unforeseeable disasters, with 
magnitudes that surpass the financial capacity 
to respond of federal organizations. In 2003 
the Rural Population Affected by Climate 
Contingencies (FAPRACC) of the Ministry of 
Agriculture, Livestock, Rural Development, 
Fishing and Feeding, was created and in 
2008 it became the Program for Attention to 
Climate Contingencies (PACC).

The objective of the PACC is to support low-
income farming and fishing producers so they 
may return to their productive activities in the 
shortest possible time in the presence of rare, 
relevant, nonrecurring and unpredictable 
climate contingencies. As from the year 2000, 
the National Center for Disaster Prevention 
(CENAPRED) analyzes the socioeconomic 
impact of geologic, hydrometeorological, 
chemical and sanitary phenomena. Out of 
a total 11576 events declared by FONDEN 
and PACC between 2000 and 2008, 96.9% 
were hydrometeorological, 1.6% chemical, 
1.1% geologic and 0.3% sanitary (Arganis et 
al., 2010).

MEXICO

will be lower recharge into the subsoil and 
greater water evapotranspiration, while FIG. 
28 shows the aquifers that will experience 
greater problems due to saline intrusion. 
Thermal stress caused by global warming will 
diminish the productivity of some of the most 
important crops in Mexico, which will also 
alter their phenological cycle. Temperature 
increase will also enhance the tendency 
towards eutrophication in lakes and reservoirs. 
The main challenge lies in incorporating the 
effects of climate change into the planning 
and management of water resources. In 
general terms, the water sector in Mexico 
should make an enormous and costly effort 
to adapt to climate change.  This will require 
deep institutional and legal changes that can 
translate into a more efficient and sustainable 
management of water resources (Martínez et 
al., 2010). Therefore, it is deemed necessary 
that the country invest more in research and 
development in the field of climate change; 
that commitment-binding mechanisms are 
established among all those involved with 
this phenomenon; and that Mexican data and 
models be used in scenario-development 
processes.

basins, the swellings tend to be very quick 
and water flows at speeds that can cause 
human casualties. On the other hand, there 
are periods of scarce precipitation and low 
river levels that lead to drought, especially 
from November through April, particularly in 
the central and northern areas of the country, 
producing effects reflected in low agricultural 
production, death of livestock, problems to 
supply water, etc. (Arganis et al., 2010).
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FIG. 29. Number of Disaster Declarations by Hydrometeorological Phenomena in Municipalities of the Country

FIG. 30 Combination of Declarations of Disasters, Emergencies and Contingencies 
by Hydrometeorological Phenomena in Municipalities of the Country 

SOURCE: ALANÍS ET AL., 2010)

MEXICO
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17.3 Floods
Luckily, floods caused by insufficient works 
and control have been not too frequent. 
Nevertheless, there have been important 
floods, as shown in Table 16.

In spite of the problems caused by floods 
(FIG. 31), since the mid 80’s the development 
of infrastructure for flood regulation has 
been reduced, and the deterioration in 
maintenance and operation of hydrometric 

and climatologic alert networks is 
remarkable. These have also reduced their 
coverage (unfortunately, from the 70’s to 
the present, the number of (STREAM) 
hydrometric and climatologic gages have 
fallen noticeably and the incorporation of 
digital measurement technology has been 
almost null). In addition, maintenance of 
meteorological radars installed by the 
National Commission of Water (CONAGUA) 
10 years ago has deteriorated and only 
one new radar has been installed in the 
state of Chiapas. It is necessary to extend 
the number of early warning systems, 
incorporate precipitation-runoff models 
that are correctly calibrated and guarantee 
their suitable operation at all times.

MEXICO

FIG. 29 shows a map of the main municipalities 
that have been declared in disaster by 
hydrometeorological phenomena in the 
same period. It is interesting to notice that 
the municipality with the greatest number 
of disaster declarations is Guadalupe, in 
the state of Nuevo Leon, with 14 (1.6 per 
year), notwithstanding its location in a zone 
of low annual precipitation. Most of the 
declarations of disaster in Mexico have 
been due to tropical cyclones (40%), 
followed by rains (33%), and thirdly by 
droughts (21%). The rest are due to low 
temperatures, tornados, snowstorms, frost 
or hail.

Arganis et. al., 2010 grouped all hydro-
meteorological phenomena together and  
assigned  a  greater  weight  to disasters, less 
to emergencies and much less to climatologic 
contingencies, to obtain the map in FIG. 30, 
which gathers affectations by excess of rain 
as well as by water shortage. It is observed 
that Baja California Sur, Chihuahua, the south 
of Sonora and north of Sinaloa, Durango, 
Zacatecas, Nuevo Leon, Veracruz, Tabasco, 
Chiapas and Quintana Roo are the states with 
greatest difficulties.

17.4 Extreme meteorological 
phenomena
The impact of tropical cyclones on the 
availability of water is such that it produces 
most of the moisture that the sea carries 
towards the mainland, although it also 
causes great flooding problems. From 1970 
to 2008, the Mexican coastline was hit by 
170 tropical cyclones, and although they 
caused major damage given the vulnerability 
of many Mexican regions, they left large 
amounts of water, filling dams and natural 
lakes and providing humidity to much of the 
national territory. In contrast, droughts occur 
in many regions of the country causing great 
economic loss, especially in agricultural and 
livestock regions.

18. Water Management
In the past 25 years the Mexican State has 
implemented a profound process of change 
in the management of water with basis 
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YEAR EVENT STATES DEATHS
AFFECTED 
POPULA-

TION

TOTAL 
DAMAGES 

(Millions 
of  dollars)

COST or RAIN DESCRIPTION

1943 Winter 
Rains Sinaloa 27 600 $0.14

14,376 m3/s, 
Fuerte River, 
Huites 
hydrometric 
gage station.

11 rivers overflowed; most im-
portant in Tamazula, Humaya, 
Fuerte, Sinaloa and Culiacán.

The North part of the state 
was isolated without com-
munication by telephone and 
telegraphic media. Two rail-
road bridges, some sections 
of the South-Pacific railroad, 
several highways and houses 
were damaged. There were 
landslides. Losses in agriculture 
were numerous.

1949 Winter 
Rains

Sinaloa and 
Sonora 10 159,000 $10.20

5,265 m3/s, 
Yaqui River, 
Eagle hydromet-
ric gage station.
10000 m3/s, 
Fuerte River, 
Huites hydro-
metric gage 
station.
6,390 m3/s, 
Mayo River, 
Three brothers 
hydrometric 
gage station.

Overflowed Yaqui, Fuerte and 
Mayo rivers.
More than 35 localities were 
flooded. At least 9,000 homes 
were damaged. Two bridges 
and roads were damaged. Cat-
tle were lost. Many localities 
were isolated (Telegraph and 
telephone services were sus-
pended). South Pacific rail ser-
vice was temporarily canceled 
due to damage to railway lines. 
Álvaro Obregón dam, which 
was under construction, was 
destroyed almost entirely
.

1955

Hur-
ricanes: 
Gladys, 
Hilda 
and 
Janet

Veracruz, 
Tamaulipas, 
San Luis 
Potosí, 
Yucatán and 
Quintana 
Roo

110 7.5*

4,002 m3/s, 
Tempoal River, 
Tempoal 
hydrometric 
gage station.
4,810 m3/s, 
Tampaón River, 
Pujal 
hydrometric 
gage station.

Hurricane affected mainly the 
Pánuco River basin. There was 
flooding in low-lying areas of 
the city of Tampico, with a 
height of 3.30 m above average 
tide. The capacity of San José 
dam, in the State of San Luis Po-
tosí was exceeded. The curtain 
did not fail. Part of the city of 
San Luis Potosí was flooded. A 
bridge that leads to the villages 
of Mezquitic and Ahualulco was 
damaged. The overflow of the 
Santiago River destroyed many 
houses in the village of Sole-
dad Diez Gutiérrez. In Tampico 
and Madero City nearly 6,010 
homes destroyed or damaged. 
Flooded area was estimated at 
6,400 km2 and 20,000 heads of 
cattle were lost.

Table 16. Events That Have Generated Greater Damage by Flooding

MEXICO
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1959

Man-
zanillo 
Cy-
clone

Colima and 
Jalisco 1,500 1,600 N/D

Three merchant ships were 
adrift with their crews; 25% of 
the houses were completely 
destroyed in Cihuatlan, and 
there were damaged roads and 
derailed trains.

N/D No rain and no runoff data
* Damages relating only to the city of Tampico

Source: Arganis et al. 2010 “Prevención”, Fascículo “Inhundaciones” (“Prevention” Journal, Part “Floods”, reports from socio-
economic impact series and information from socio-economic studies.

on two core issues: on the one hand, the 
transformation of the legal structure for water 
governance, and on the other, an important 
decentralization process. This transformation 
implies an attempt to democratize water 

The term ‘user’, as defined in the National Water Law, refers to the user of national waters, 
and is the moral or legal person that has a permit, concession or assignment from National 
Water Commission CONAGUA, to exploit or use national waters and their inherent goods. 

6
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management by opening participation to 
water users6, organized society and private 
companies. As a result, regional agencies, 
watershed councils and agencies, and their 
auxiliary organs have been created and 

FIG. 31. Estimation of Flood Risk in Municipalities Throughout the Country (Jiménez, 2008)
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18.1 Institutional Aspects
The evolution of the institutional framework 
is shown in Box 2. In 1989 The National 
Water Commission, CONAGUA, was created 
as the main water authority at the Federal 
level. It began as a decentralized agency 
of the Ministry of Agriculture and Hydraulic 

Resources, SARH, and in 1994 it became 
a decentralized agency of the Ministry of 
Environment, Natural Resources and Fishery 
or SEMARNAP, now the SEMARNAT. 
The fact that by 2009 CONAGUA con-
centrated close to 72% of the budget 
assigned to this Ministry, gives an idea of the 
weight the agency has within the SEMARNAT. 
CONAGUA consists of a Technical Council, a 
General Director, an internal control agency 
and the corresponding administrative units. 
(Torregrosa et al., 2010).

MEXICO

18.2 Private Participation
The foundations for private participation 
policies in modern Mexico were established 
in the eighties, when the conditions necessary 
for the democratization of water and sanitation 
services in the country were created. These 
policies were the result of recurrent economic 
crisis that favored the submission of economic 
and social policies to the demands established 
by financial organisms such as The World Bank,  
International Monetary Fund, Inter-American 
Development Bank, among others. 

The main idea behind them is that private 
participation allows a better and more efficient 
management of water and sanitation systems 
(Torregrosa et al., 2010).  In Mexico, private 
participation occurred in some water services 
but mainly in sanitation systems. In general the 
private sector has participated in at least three 
main ways.  (Torregrosa et al., 2010): 
• The comprehensive management of 
systems, by which private companies that 
obtain a concession should invest and inject 
fresh private capital, although in reality they 
gain access to soft credits from the State. 
In Mexico there are two comprehensive 

strengthened. This has been achieved by 
creating and strengthening local authorities 
for water regulation and management, such 
as the offices of the Regional Agencies of the 
National Water Commission, and the creation 
of new environments for participation in the 
organization structure for water management 
such as Watershed Councils, the auxiliary 
organs of these Councils called Groundwater 
Technical Comities or COTAS and the transfer 
of Irrigation districts to users.

During these 25 years, water management 
and governance in Mexico has transformed 
from a model based on highly vertical and 
centralized administrative reasoning, to a 
model still in development which is less 
centralized and with a particular proposal 
for social and private participation, called 
by Aboites the “Commercial Environmental 
Model” (Aboites, L. 2009, 2010; Torregrosa 
et al., 2010).
The reforms have been centered on the 
areas administrated by the State, such as 
the irrigation Districts and Water Utilities, 
nevertheless these policies have left aside, 
what Aboites calls ‘town waters’ or ‘aguas 
pueblerinas’, that correspond to the 2.5 
million ha of small irrigation and the huge 
amount of rural communities that manage 
on their own access to the resource to fulfill 
their needs.
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on behalf of the government was greater 
than those representing users of all kinds. 
Consequently, and in spite of participation 
being open to users, the programming 
and coordinating of the comprehensive 
management of water remained concentrated 
in government authorities. In 1997, after 
having acquired experience and in response 
to demands from the various users of water 
and social sectors, the National Water Law 
regulations were amended and the internal 
structure of Watershed Councils was modified 
for the purpose of achieving a better balance 
between government and user participation. 

The main effort in the formation of Watershed 
Councils and their auxiliary agencies occurred 
in 1997 when, within the institutional 
structure of CONAGUA, the Management 
for Watershed Council Coordination was 
created for the purpose of coordinating 
the general strategy for their creation. This 
strategy consisted of four phases: design, 
implementation, consolidation, and finally 
operation and development. Thus, from 
a single Watershed Council in 1993, we 
have today 25, in addition to 21 Watershed 
Commissions, 26 Watershed Committees and 
78 COTAS throughout the country. (Torregrosa 
et al., 2010) . When the National Water Law 
was reformed in 2004, the legal framework 
for water management at the watershed level 
was strengthened and the social participation 
in councils was broadened. Therefore, 
for the first time participation at this level 
included organized society in general. These 
amendments established that representatives 
of the variety of users of water resources, 
together with society organizations, such as 
civil societies, must represent al least 50% of 

the participants in Watershed Councils. This 
reform also reinforced water management 
decentralization at the watershed level with the 
creation of Watershed Agencies, taken from 
the French water management model, passing 
regulatory responsibility from the Federation 
to a regional level. These Agencies were 
conceived as lawfully autonomous technical, 
administrative and legal units, assigned to 
the General Director of CONAGUA, and with 
faculties are to regulate, know and agree on 
regional water policy at watershed level in 
consistency with the National Water Policy. 

Watershed agencies introduced an additional 
element to the institutional political and 
administrative structure. Before the 2004 
amendments, CONAGUA included 13 
administrative hydrological regions that 
contained the 37 natural hydrological regions 
in the country. As from the nineties, these 
regional institutions were strengthened when 
CONAGUA closed some of its states level 
offices and transferred several functions 
related to potable water matters to state and 
municipal governments, while strengthening 
administration at the regional level (Torregrosa 
et al., 2010).

18.4 Institutional Framework 
at State Level
With respect to changes at state level, these 
have created the institutions that will be in 
charge of water management at this level, 
such as the State Water Commissions, Water 
Institutes, and the creation of state water 
laws, although these transformations have 
not occurred simultaneously in all the states in 
the national territory. Important changes have 
also taken place at the municipal level and 
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Use Origen Total Volume Percentage extraction

Surface Groundwater

Agriculture a 40.7 20.5 61.2 76.8

Public Supply b 4.2 7 11.2 14

Self-supplied industry c 1.6 1.6 3.3 4.1

Hydro-power plants d 3.6 0.4 4.1 5.1

Total 50.1 29.5 79.8 100

NOTE: 1 km3 = 1 000 hm3 = 1 billion m3. Data corresponds to volumes allocated on December 31st, 2007.
a Includes agricultural, livestock, aquaculture, multiple and other headings of
the REPDA classification, as well as volumes of water still pending registration
(2.05 km3).
b Includes public urban and domestic headings of the REPDA classification.
c Includes industrial, agro-industrial, service and trade headings of the REPDA classification.
d Includes all energy generation plants that are not hydropower plants.
Source: CONAGUA. Deputy Director General’s Office for Water Management.

Table 17. Consumptive Uses, According to Extraction source, 2008 (Billions of Millions m3, Km3)

Table 18 Main Legal Regulations Relating to Water, with Information from Rodriguez and Emanuelli, 2010

The Constitution

Most relevant articles 1st, 3rd, 4th, 5th and 6th° sections of article 27; article 
73, section XVII, and article 115, section III, paragraph a

Article 27	 Sets down the system for the ownership of water in 
Mexico and states that water is of public domain as 
an unalienable and non-lapsable good, although its 
domain may be transferred to individuals by means of 
concessions. 

Article 73 Determines the authorities who shall regulate 
the exploitation and use of water, as well as the 
preservation of its quantity and quality. In addition 
it gives the House of Representatives the faculty 
to issue laws on the use of water under federal 
jurisdiction. It also establishes that the federal 
executive can promote actions with state and 
municipal governments, without affecting its powers 
in the matter of and related to the sphere of their 
attributions for water management. 

Article 115 A reform issued on February 5, 1983, transfers the 
obligation of the federal government to provide 
services for drinking water, sewage, treatment and 
disposal of residual waters to municipalities.
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19.1.1 Development of the Regulatory 
Framework to Control Water Pollution 
Municipal 
Ever since 1973, when the Ministry of 
Hydrologic Resources established the bases 
for registration and monitoring of residual 
water discharge, the description and 
classification of all bodies of water in the 
nation and the objectives regarding its quality, 
Mexico has had a regulatory framework to 
protect the quality of water. Unfortunately, 
it was not carried out due to lack financial 
support and political willingness. Since 1982, 
efforts were made to set up regulations for 
each type of discharge, similar to those in 
the United States.  In all, 44 regulations were 
established, although because they were 
hardly applied, they contributed very little 
to residual water treatment and pollution 
control. In 1996, a new legal framework was 
set up to allow the gradual control of pollution 
and to set up goals regarding the reuse of 
treated water or its final disposal. Thanks to 

these regulations, the quality of treated water 
has doubled since 1996, contrasting with 
what had been occurring during the seven 
previous years (estimate according to data 
from CONAGUA, 2000 and 2005), and will 
have a much more significant increase as an 
important volume of the residual water from 
Mexico City is treated (Jiménez et al., 2010).

Industrial
Concern for the environment began in Mexico 
in 1971 when the Federal Act to Prevent and 
Control Environmental Pollution (LFPCCA 
-Ley Federal para Prevenir y Controlar la 
Contaminación Ambiental) was issued. This 
act was in force until 1982, when the Federal 
Act for the Protection of the Environment 
(LFPA - Ley Federal de Protección al Ambiente) 
was brought into effect and later prolonged 
until 1988. Thus, in the period from 1971 to 
1988 many industries included environmental 
sections in their organizations, although 
recurring economic crisis postponed many 
good intentions with respect to environmental 
issues and businesses eventually closed down 
their environmental areas. With the General 
Act for Ecological Balance and Environmental 
Protection (LGEEPA -Ley General del 
Equilibrio Ecológico y la Protección al 
Ambiente) of 1988 and its 1996 and 2007 
reviews, a new “environmental market” was 
created. Nevertheless, most businesses did 
not create a special environmental office, 
rather they opened one within or adjacent 
to other areas such as security or hygiene 
(López et al., 2010). Unfortunately, personnel 
in charge of environmental issues often lack 
formal training in the area, and consequently 
Mexican industries repeatedly face problems 
such as the following (López et al., 2010): 

MEXICO

• NOM-003-CNA-1996. Requirements 
during the construction of water-withdrawal 
wells to prevent the pollution of aquifers. 
•	 NOM-004-CNA-1996. Requirements 
for the protection of aquifers during the 
maintenance and rehabilitation of water-
withdrawal wells and for the closing of wells 
in general. 
•	  NOM-011-CNA-2000. Conservation 
of water resources. Established 
specifications and methods used to 
determine average annual availability of 
national waters.
•	 NOM-013-CNA-2000. Drinking water 
distribution networks. Specifications for 
water tightness and testing methods.
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• High fines due to non-fulfillment of special 
conditions for discharge. 
• Problems with water coming from systems 
for water pretreatment. 
• Increased cost of drinking and well water. 
• Drinking water scarcity.
• Inefficient use and management of water 
within industries.
• Operation of inefficient water treatment 
systems within industries.
• Rudimentary reuse and recycling of water. 

On the other hand, the lack of structural and 
functional capacity on behalf of institutions of 
the federal, state and municipal government 
for the vigilance and supervision of industrial 
systems for the management of tap and 
residual water has hindered the application of 
and the compliance with environmental laws 
and regulations on the part of these industries 
ever since the publication of LFPCCA in 1971 
(López et al., 2010).

19.2 Assessment of the 
Regulatory Framework
The following are deficiencies in the regulatory 
framework regarding water (Gutierrez y 
Emanuelli, 2010):
• Although the fact that bodies of surface 
water are national property is relatively well 
established, this is not the case with bodies 
of groundwater.
• There is no clear relationship between 
public policies to be applied for the 
management of water and other aspects 
such as the management of land or rural 
development.
• The responsibility of water and sanitation 
services was transferred to municipalities 
when the level of service coverage was very 

low, and thus they were required to provide 
a volume of resources and a complex 
institutional capacity that they lacked. 
Consequently this has lead to an inability 
to provide these services that continues to 
exist at present. 
• LAN is an instrument with a questionable 
legislative technique as it relates the various 
entities that manage water resources and 
their uses in a complex way. This makes 
is very difficult for citizens to understand 
the main law and thus opens it wide 
to discretional administration practices 
and even corruption. In addition, to the 
present date the executive regulations 
corresponding to the 2004 amendments 
have not been published, deterring 
understanding with regards to how it 
is operating in reality and who or how 
decisions are being made on the matter. 
• Deficient vigilance and compliance with 
NOMs. 
• There is no clarity with respect to the 
specific competent authorities in charge 
of providing follow up to the application 
of norms (LFMN, LAN, LGEEPA, General 
Health Act, etc.), or when or how the 
surveillance processes for their observance 
will be achieved when turning to other 
applicable regulations on the subject.

19.3 The Human Right to Water
It is important to point out that although in 
the current constitution there is no article 
explicitly recognizing the human right to 
water, there are elements that allow it to be 
recognized implicitly. 

Firstly, because the right to water is closely 
related to the rights recognized in the 
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Nicaragua is a particularly privileged country 
with respect to water resources. The amount 
of water available per capita is 38, 668 cubic 
meters per year (m3/capita/year), i.e. greater 
than the average for Central America. 

It is worth noting that its water availability is 
approximately four times greater than that 
of the United States or certain European 
countries such as Switzerland (Table I.1).

When compared to the rest of the world, 
water availability in Nicaragua expressed as 

1. Introduction

Table 1. Water Availability per Capita

Country
Water 

availability per 
capita m3/cap.

Guatemala 12,121

Honduras 15,211

Belize 64,817

Nicaragua	  38,668

El Salvador 2,876

Costa Rica 31,318

Panamá 52,437

Central 
America 31,064

Brazil 32,256 = C.A.

United States 8,906 29 % C.A.

Great britain	 2,471 8 % C.A

Switzerland 7,427 24 % C.A.

South Africa 1,187 4 % C.A.

Holland 5,758 18 % C.A.

Mexico 4,742 15 % C.A.

Source: World Bank, 2001. 

run-off per capita (m3) reaches levels of 
>10,000 (FIG.1). According to the 
Environmental Performance Index (Yale 
Center for Environmental Law & Policy, 
2010) Nicaragua is considered to have 
the optimum level for water stress (water 
scarcity in a territory when considering 
the volume of water shared by a certain 
population) with the highest possible 
score of 100 points, meaning 0% of the 
population living under water stress. It 
also has a score of 100 points for water 
scarcity
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Nevertheless, 45.8% of the population in the 
country lives in poverty and 15.1% in extreme 
poverty. In rural areas, two out of three 
people are poor, while 27.4% or nearly one 
third of the rural population lives in extreme 
poverty (INIDE, 2005). All of Central America 
is considered to be in economic scarcity of 
water due to the lack of financial resources 
to use and maintain the adequate quality 
of water sources for human consumption, 
which implies issues regarding good 
integrated governance of the resource 
(FIG. 2).
 
With respect to water quality (information 
from UNEP/GEMS), the Environmental 
Performance Indices system mentioned 
above gives Nicaragua a score of 42.3 points, 
placing it in 136th place out of 163 countries 
evaluated.  The pollution of Nicaragua’s 
freshwater is the result of population growth 
in synergy with deficient sanitary infrastructure 
(for both liquid and solid wastes) and the 
lack of territorial planning that has produced 

FIG. 1. Epicontinental Water Throughout the World: Availability Expressed as Run-off Per Capita 

SOURCE: FEKETE ET AL., GLOBAL, COMPOSITE RUNOFF FIELDS.

environmental decline and is reflected in 
water quality. Problems with pollution have 
continued because land is being used in ways 
that are contrary to its potential uses, in other 
words deforestation and land conversion into 
grassland for cattle and other agricultural 
uses. Poor water quality provokes problems 
directly affecting the quality of life and the 
health of human populations (Section 7).

Nicaragua’s favorable water availability 
situation is essential as the starting point 
for the improvement of water quality and 
human health, along with the promotion of 
economic development. The generation of 
information and a better understanding of 
the physical, natural and economic conditions 
of water resources, together with the 
establishment of the institutional and legal 
conditions for good water management are 
vital to promote the country’s development. 
Likewise, an information system on water 
resources is a basic instrument for its 
improved governance.
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Fifty one rivers drain into the Atlantic, four 
into Lake Xolotlán (also called Lake Managua) 
and twelve into Lake Cocibolca (also known 
as Lake Nicaragua), which in turn drain into 
the Caribbean Sea through the San Juan river. 
The Pacific basins are smaller and its rivers 
are shorter. In addition, the area has the best 
agricultural land and is where more than 60% 
of the country’s population lives (FIG. 4.).

FIG. 4. Population Distribution in Nicaragua

SOURCE: MONTENEGRO, S., KEYNOTE SPEECH: 
NICARAGUA, A COUNTRY WITH WATER AND THIRST.

Twelve rivers drain directly into the Pacific 
Ocean. The country includes two large 
lakes and 18 lagoons, of which nine are in 
the Pacific region, five in the Central region 
and four in the Atlantic. Furthermore, of the 
four dams in Nicaragua, three are for the 
production of hydroelectricity and one for 
irrigation and fish farming. The abundant 
surface water resources are seasonal and are 
distributed irregularly; ninety three percent 
are in the Atlantic region and only 7% in the 
Pacific (Table 2). There are four main aquifers 
in the Pacific and 21 in the Atlantic, including 
the river low plains (INETER). 

Of the 19 largest basins in Central America, 
five are found in Nicaragua, two of which are 
bi-national. The basin of the San Juan River 
(Basin Nº 69) is the second largest in Central 
America (Table 3).

Table 3. The 19 Largest Watersheds in Central America

Drainage Watershed Country Area km2

Atlantic Usumacinta 
River

México-
Guatemala-
Belice

5,1 190.36

Atlantic San Juan 
River

Nicaragua-
Costa Rica 42,051.61

Atlantic Patuca River Honduras 24,593.87

Atlantic Coco River Honduras-
Nicaragua 24,345.16

Atlantic Ulua River Honduras 21,396.03

Atlantic Motagua 
River

Guatemala-
Honduras 18,056.56

Atlantic Río Grande 
de Matagalpa Nicaragua 17,959.96

Pacific
Lempa River

El Salvador-
Guatemala-
Honduras

17,882.98

Pacific Ocosito 
River Guatemala 12,944.44

Atlantic Escondido 
River Nicaragua 11,517.81

Atlantic Belize River Belize 10,529.36

Atlantic Agua River Honduras 10,311.35

Atlantic Dulce River Guatemala 8,016.75

Atlantic Sico, Tinto or 
Negro River Honduras 7,714.84

Atlantic Choluteca 
River Honduras 7,430.68

Atlantic Warunta 
River Honduras 6,012.10

Atlantic Hondo River Belize 5,948.14

Atlantic Wawa River Nicaragua 5,501.60

Pacific Chucunaque 
River Panama 5,043.52

Source: Yelba Flores.

NICARAGUA





467

FIG. 5. Billed Use and National Production of Water

SOURCE: BANCO CENTRAL DE NICARAGUA YEAR BOOK 2001 - 2008. INFORMATION DOES NOT INCLUDE THE 
DEPARTAMENTS OF JINOTEGA AND MATAGALPA

These estimates vary between 137, 448 and 
192, 690 Mm3/year (PANic, 2001–2005; FAO 
Aquastat, 2005), and only 7% correspond to the 
country’s Pacific watershed. Considering the 
water availability figure of 192, 690 Mm3/year 
and that the Nicaraguan population for 2010 is 
5, 995, 928 inhabitants (https://cia.gov/library/
publications/the-world-factbook/), the amount 
of water per capita would be 32.14 x 1000 m3.

In spite of the great volume of surface waters 
available in the country, the main water supply 
source is groundwater because surface waters 
are more polluted. Groundwater is found 
within quaternary alluvial aquifers co-existing 
with tertiary pyroclastic sands and quaternary 
volcanic deposits in fractures in the Nicaragua 
Depressions and the Pacific and Caribbean 
Plains. The main aquifers are found in the 
Pacific region as geological formations favors 
the presence of groundwater (FIG. 6.). As 
mentioned above, agriculture mainly relies 
on groundwater in this part of the country. 
In contrast, the Atlantic area -also called the 

Atlantic Coast- apart from being the largest 
(46 600 km2), has a greater availability of 
surface water resources, while the Central 
area has an intermediate nature with some 
rivers with a constant flow and productive 
valleys of groundwater.

Lake Colcibolca has the greatest surface 
water potential for consumption with an 
area of 8,264 km2, and an average discharge 
volume to the San Juan River of 12,614.4 
mm3/year. Law 620 of the Ley General de 
Aguas Nacionales (General Water Law), has 
declared the lake as a natural reserve destined 
for human use and irrigation in the future (La 
Gaceta, 2007b).

The surface water available in Nicaragua 
is approximately 309,284 mm3/year (IEA-
MARENA, 2001). Nearly 44% of this water 
makes up the national surface runoff. However, 
this information is only an approximation of 
the real values as hydrometric information 

3.1.2 Availability of Surface Water
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FIG. 6. Geological Map.

SOURCE: WEYL, 1980, MODIFIED BY LOSILLA, 2001.

does not cover all hydrographic basins. Of the 
21 existing basins, eight drain into the Pacific 
Ocean, while the rest drain into the Caribbean 
Sea. The Pacific basins cover nearly 10% of 
the national territory in which precipitation 
varies from 500 mm to 1000 mm throughout 
the year, while in contrast, precipitation along 
the Caribbean watershed, reaches values of 
up to 4000 mm per year. FIG. 7 illustrates the 
distribution of precipitation. The areas with 
less precipitation are the most vulnerable 
to drought. Among the permanent, 
intermittent and temporary bodies of water 
in the country, Nicaragua has close to 63 
rivers. The greater Nicaraguan lakes are the 
Cocibolca or Nicaragua, with a surface of 
8,133 km2, and the Xolotlán or Managua, 
with a surface of 1,016 km2 (GWP CA, 2006). 
Of the 21 basins, two are transboundary: 
a) the basin of the Coco River, extending 
throughout 24,476 km2, 21% of which 
belongs to Honduras, and b) the San Juan 
River basin with 41,870 km2, 32% of which 
are found in territory of Costa Rica. 

As mentioned previously, Nicaragua’s abundant 
surface water resources are seasonal and 

FIG. 7. Mean Annual Precipitation

irregularly distributed. Table 5 shows an estimate 
of the availability of national water resources per 
region as presented by OPS-OMS. 

Region Surface 
water (Mm3)

Groundwater 
(Mm3)

Total
(Mm3)

Pacific 4 023 2 862 6 885

Central 18 798 172 18 970

Atlantic 72 192 30 72 222

Total 95 013 3 064 98 077

Mm3: million cubic meters

Source: (OPS-OMS, 2004)

Table 5. Hydric Resource Availability in the Country.

SOURCE: (MAGFOR, 2002).

NICARAGUA







471

Table 7. Water Production and Billed Supply by the ENACAL Water Distribution Company

Year Production 
volume

Billed use (Mm3/year)

Residential Commercial Industrial Government Municipal Total

1995 182,753.7 85,331.5 4,683.4 711.8 7,041.4 97,056.3 97,768.1

1996 184,760.0 86,665.7 4,631.1 719.9 6,970.0 98,266.8 98,986.7

1997 203,776.5 88,549.3 4,562.8 737.5 7,168.5 100,280.6 101,018.1

1998 207,735.5 95,964.1 4,896.5 776.0 7,864.5 108,725.1 109,501.1

1999 208,172.6 92,623.1 5,437.7 708.5 6,688.6 104,749.4 105,457.9

2000 224,022.8 94,557.5 5,694.7 739.8 6,897.2 107,149.4 107,889.2

2001 233,217.5 96,245.3 5,863.2 846.2 6,425.4 108,533.9 109,380.1

2002 240,499.4 94,239.8 5,958.6 848.8 6,342.5 106,540.9 107,389.7

2003 254,961.8 96,832.0 6,546.0 875.8 5,632.2 109,010.2 109,886.0

2004 264,930.3 98,599.7 8,853.6 838.0 6,600.2 114,053.5 114,891.5

2005 267,609.7 99,852.0 9,865.5 815.2 6,996.0 116,713.5 117,528.7

2006 271,065.5 103,336.7 10,742.2 756.8 6,874.6 120,953.5 121,710.2

2007 272,960.8 105,100.3 11,520.0 692.7 6,894.2 123,514.5 124,207.2

2008 286,974.0 112,519.6 12,701.2 745.4 7 120.0 132,340.8 133,086.2

Source: Non-published data

In the same way as in other human societies 
(WWAP, 2006), Nicaraguan industry has been 
strategically established near sources of clean 
water (surface and groundwater) not only to 
be able to exploit it, but also for the spilling 
of wastewaters. 

A large number of industries are concentrated 
in Managua’s industrial park, on the cost of 
Lake Xolotlán. While mid-sized industries 
obtain their water supply (ENACAL, 2005) 
from drilled wells that have not yet been 
inventoried, the remaining industries are 
supplied by ENACAL (INEC, 2003). Processing 
technologies currently used do not allow 
optimal use of water, so it later becomes part 
of industrial effluents.

3.2.2 Water Sources for Industrial Use

Water has a variety of industrial uses: as 
a raw material, as a solvent, for transport, 
heating or cooling, etc. According to data 
from the World Bank (2201) the volume 
of water used industrially in Nicaragua 
in the year 2000 was 30.0 Mm3. However 
information for billed use reported by 
ENACAL for that year (Table 7) corresponds 
only to 2.5% of this amount (Figure 5).

In the year 2000 the industry value added 
(IVA) and the industrial water productivity, 
defined as the ratio between the IVA and the 
annual volume of water extracted by industry  
from the source, was US$0.48 billion and 
14.34 US$/m3, respectively (WWAP, 2006). 

3.2.3 Industrial Use and Consumption of 
Water
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For the year 2005, the industry value added 
was approximately US$0.75 billion. Although 
this figure is greater than previous years, it 
is lower than the IVA for the rest of Central 
America (WWAP, 2006). The low levels of 
industrial water productivity are reflected 
in the unrealistic value of the resource and 
its poor industrial use. This is common in 
countries where the fees for industrial water 
uses are low, as the case of Nicaragua. In 
other Central American countries industrial 
water productivity ranges from 9 -17 US$/m3. 
Excluding the departments of Matagalpa and 
Jinotega, water consumed by industry during 
the years 2000, 2001 and 2002, was 739,775 
m3, 847, 085 m3 and 849,236 m3, respectively; 
of these, 60% to 65% were used by industries 
in Managua (INEC, 2003). 

During this period, nearly 812,000 m3 were 
billed, representing 0.75% of the average 
total billed consumption of 233 × 106 m3 
for the entire system, including industry, 
government, domestic and commercial use 
(INEC, 2009).  Although FIG. 5 shows that 
billed-consumption for the industrial sector 
remained constant from the 1990’s to 2008, 
this does not mean there has not been an 
increase in water use. To date, the system 
for “charging fees for the use, exploitation, 
discharge and protection of hydric resources” 
as established by Law 620, General Law for 
National Water of 2007, has yet to exist.

Agriculture has historically been the 
country’s main economic activity and 
Nicaragua has one of the highest rates of 
agricultural land use in Central America 
(Table 8).

3.3 Agricultural Uses

The Central Bank of Nicargua (BCN -Banco 
Central de Nicaragua) reports in its 2001-2008 
yearbook that agriculture, forestry and fishery 
contributed 19.1% of Nicaragua’s GIP in 2008, 
thus showing the importance of agricultural 
activities in the country’s economy. 

From 2000 to 2008, more individuals worked 
in agricultural and fishery activities, form 27% 
to 30%, than in any other economic sector 
(BCN, 2009: based on projections from INIDE, 
Home Surveys to Measure Employment, 
2005). Stockbreeding remained constant in 
the past decade at between 9% and 10% of 
the GIP (CONAGAN, 2009). 

It is worth noting that the contribution of 
agriculture to the GIP fell from 20.1% in 
2006 to 19.1% in 2008 as a consequence of 
hurricane Felix which caused considerable 
losses in the sector. Agricultural activities 

Country

Agricultural 
Land Use

(% total 
area)

% of GIP 
from 

Agriculture 
(% 1999)

% Irrigated 
Land

Guatemala 41,6 23 6,6

Honduras	 6,1 19 3,4

Belize 77,4 10 4,4

Nicaragua 32,0 16 3,7

El 
Salvador

62,3 32 3,2

Costa Rica 55,7 11 25

Panamá 28,6 7 4,9

43,4 16,8 7,3

Source: World Bank: Agricultural Land Use; Selected 
Countries, 2001. 

Table 8. Agricultural Land Use in Central America 

NICARAGUA







475

Table 13. Estimated Irrigation Efficiency per Type of 
System and Water Source

System Water Source Efficiency

Spraying/Pivot Groundwater 63% 

Gravity Groundwater 51% 

Rice Groundwater 63% 

Spraying/Pivot Surface water 42% 

Gravity Surface water 34% 

Rice Surface water 42% 

Source: PARH (1997): Plan de Acción de los Recursos 
Hídricos en Nicaragua.

Eleven planning units called “current 
irrigable surface” which include irrigation 
infrastructure have been considered (Table 
14), with a total surface of close to 61,000 
ha.  There are approximately 1,200,000 ha 
of available land at an altitude of up to 200 
masl (Table 14). Taking water availability 
into account, especially the waters of Lake 
Cocibolca, an additional area of 230,000 
hectares have been contemplated.

3.3.2. The State of Irrigation in Nicaragua

Table 14. Land Availability and Potential Irrigation Area; with Area of Maximum Potential Based on Available 
Land and Hydric Resources

Land Availability and Potential 
Irrigation Area

Area of Maximum Potential Based on Available Land and Hydric 
Resources

Zone
Total Area

(ha)
Regions Source Planning Unit Area

Golf of Fonseca 
(Pacific)

162,800 North Pacific
Surface/
groundwater

1 and 2 71,000

Managua Lake
(Central–
Lacustrine)

138,300
Central Pacific 
Central

Groundwater 3 - 7 18,000

Cosiguina–
Tamarindo 
(Pacific)

178,600 South Pacific Groundwater 4 3,200

Carmen–Bahía 
Salinas (Pacific)

185,500 Lower North Groundwater 11 800

Nicaragua Lake 

(Lacustrine)
436,700 Lower Central Surface water 8 and 11 6,800

Inter-
mountainous 
valleys

108,200 Lower South Groundwater 9 and 10 13,000

TOTAL 1 ,210,100 Nicaragua Lake Surface water 5, 9 and 10 120,000

TOTAL
70% 
Surface/30%   
Groundwater

232,800

Source: CCO, 1998.
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Ninety  four  percent of Nicaragua’s hydroelectric 
resources are concentrated in the Atlantic 
watershed. According to hydric availability, 
the potential for generating hydroelectricity 
has been estimated to be of up to 3,760 MW. 
Hydropower generation increased 8.0% in 
2000 with respect to the total amount of energy 
generated until then, resulting in per capita use 
of 474 kWh. Although hydropower generation 
continues to rise, per capita consumption 
continues to be the lowest in the region.

3.4 Other Uses

Because Nicaragua largely depends on 
imported oil to generate its electricity, the 
demand for electricity by both its population 
and the activities related to development, 
is only partially satisfied. In the year 2006, 
hydropower represented 10% of the electricity 
generated in the country. HIDROGESA, a 
public company, operates the two existing 
hydroelectric plants (Centroamerica and 
Santa Barbara). In view of these facts, the 
Ministry of Mining and Energy (MEM –
Ministerio de Energía y Minas) has identified 
the renewable energy potential and level of 
use in the country, as shown in Table 15.

3.4.1 Hydroelectricity

Source of 
energy

Potential
(mw)

Effective 
capacity 

(mw)

Percentage 
use (%)

Hydroelectricity 3,280 98 3.0

Geothermic 1,200 37 3.1

Wind 800  0 0.0

Biomass 200* 60   30.0

TOTAL 5,480 195 3.6

Source: MEM, Nicaragua, 2008.

Table 15. Potential and Use of the Renewable 
Resources in Nicaragua. 

The total water demand for energy generated 
by the projects identified by the MEM is 
estimated at 481 Mm3 (FIG. 8.).

FIG. 8 shows the hydroelectric projects 
requiring a specific surface water volume 
provided by natural waterfalls or the 
damming of river water. The plants currently 
in operation, Centroamerica and Santa 
Barbara, rely on the diversion of the Tuma 
River in the 48m high Mancotal dam which 
forms the artificial reservoir of Lake Apanás. 
This reservoir has an average altitude of 956.5 
masl, a surface area of 58 km2, and a storage 
volume of 440 Mm3, of which 310 Mm3 are 
active storage thus allowing the regulation of 
the variable flow of the Tuma River.

FIG. 8. Hydroelectric Projects in Nicaragua; Source 
MEM. 

SOURCE: MARENA, 2001, TAKEN FROM DE SILVA, 2002. 
HYDRIC CAPITAL AND USES OF WATER IN NICARAGUA.

Lake Apanás is one of the main reservoirs for 
the production of hydroelectricity. Its useful 
life and that of the Viejo River have decreased 
due to erosion of its basin. Likewise, the 
problems produced by the competition for 
the use of its waters in irrigation in the Sébaco 
Valley on one hand, and for generation of 
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electricity by the Santa Barbara plant on the 
other, underline the importance of putting 
hydrologic plans per basin into practice (IEA-
MARENA 2001).Table 16 shows the maximum 
estimated reservoir storage volume for 
hydropower generation for MEM projects.
All hydroelectric plants, those in existence 

Table 16. Maximum estimated storage volume 
for reservoirs. Nicaragua (MEM –Ministerio de 

Energía y Minas), 2010.

Hydroelectric Project Maximum reservoir 
volume (Mm3)

Copalar 13 047

Tumarín 200

Mojolka  2 215

Boboke 10 360

Paso Real 25

Esquirín 20

Valentín  4 160

Piedra Fina 3.2

Pajaritos 1 281.64

La Estrella 18

El Consuelo 14

Piedra Puntuda NR

Brito  1.6

Lira 2.95

Pantasma 0.524

El Salto  0.01

Centroamérica   30

Santa Bárbara 25

Larreynaga  0.18

La Sirena 131

El Barro    0.36

Source: Hydroelectric projects, Ministry of Energy 
and Mining of Nicaragua (MEM - Ministerio de 
Energía y Minas), 2010

and projected in the future, are located 
on the rivers of the Central and Atlantic 
regions because they provide the necessary 
conditions for their development. It is worth 
noting that the plants currently operating 
have decreased their production capacity in 
times of severe drought and also by erosion 
processes in the basins that have reduced 
storage volume by sedimentation. In addition, 
it is important to consider the long term 
effects of climate change once these projects 
have been approved. 

National water availability is sufficient to cover 
the existing demand, as can be seen in FIG. 9. 
However, although availability is greater than 
demand in the basins draining into the Pacific, 
the existing difference is hardly significant, and 
thus will lead to issues of scarcity in the future. 
In fact, Basin Nº 64 (between Cosigüiná and 
Tamarindo) already suffers shortages due to 
poor water distribution and overexploitation 
of the aquifer for use in agriculture, especially 
during the dry season (November to April) 
(MARENA, 2008a). Table 7 shows water 
demand according to estimated population 
per departament.

3.5 Demand Versus Availability

FIG. 9. Estimates of Total Water Demand in Mm3/year.
SOURCE: PHIPDA, 2003.
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Water demand by municipalities, industry and 
agriculture is shown in Tables 18, 19 and 20.

Table 17. Estimated Current Population and Water Demand in the Country

Department 2010 Population
(inhabitants)

Water Demand Year 2010
 (Mm3/year)

Total Urban Rural Urban Rural

Nueva Segovia 246,466 101,544 144,922 7.36 9.06

Jinotega 374,875 80,223 294,652 5.82 18.42

Madriz 146,964 45,118 101,846 2.94 6.37

Estelí 216,057 127,474 88,583 9.24 5.54

Chinandega 394,373 235,441 158,932 17.07 9.93

León 364,763 215,210 149,553 15.60 9.35

Matagalpa 518,004 193,215 324,788 14.01 20.30

Boaco 158,320 49,712 108,607 3.24 6.79

Managua 1,353,897 1,225,277 128,620 88.83 8.04

Masaya 317,044 175,642 141,401 12.73 8.84

Chontales 158,606 92,150 66,456 6.68 4.15

Granada 175,022 112,014 63,008 8.12 3.94

Carazo 175,410 108,228 67,182 7.85 4.20

Rivas 165,070 78,243 86,827 5.67 5.43

Río San Juan 111,361 27,283 84,078 1.58 5.25

RAAN 399,013 111,724 287,289 8.10 17.96

RAAS 325,347 120,053 205,294 8.70 12.83

Total 5,600,591 3,098,552 2,502,039 223.56 156.38

Total water demand 379.94

Source: Personal compilation based on population data from 2005 INEC Census and INAA Norms, 1999.

Table 18. Per Year Municipal Use of Water, Municipal 
Gross Product and Population.

Year
Municipal 

Use
(Mm3/year)

Average 
Municipal Fee 

(US$/m3)

Gross Internal 
Product Services 

(US$)

2005 116,713.5 0.34 0.89

2006 120,953.5 0.32 0.96

2007 123,514.5 0.31 0.00

2008 132,340.8 0.30 0.00

Source: ENACAL, Banco Central. Statistical Yearbook 
2001-2008.

Year

Water for 
Industrial 

Use 
(Mm3/

year)

Industrial 
Product 

(US$)

Industrial Water 
Fee (US$/m3)

2005 6,996.0 4.13 0.88

2006 6,874.6 4.30 0.86

2007 6,894.2 4.46 0.83

2008 7,120.0 4.59 1.10

Source: ENACAL, Banco Central. Statistical Yearbook 
2001-2008.

Table 19. Per Year Industrial Water Use, Gross 
Municipal Product and Fees,
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Body of water

Wastes

Solid Liquid

Domestic Industrial Domestic Industrial

Acome 
River(Chinandega) x x

Atoya River (El 
Viejo) x x

Chiquito River 
(León) x x x x

La Zopilotera River 
(Chichigalpa) x x x x

El Realejo Estuary x x

Xolotlán x x x x

Tiscapa x x x

Xiloá x

Cocibolca x x x x

Masaya x

Río de Oro (Rivas) x x

Fonseca River x

Malacatoya

Mayales x x

Acoyapa x

Tepenaguasapa x x

Source: CIRA/UNAN, 2007, Flores, S., 2005, MARENA, 2004c, and MARENA, 2003.

Table 26. Bodies of Water Receiving liquid and Solid Wastes. 

Contamination by heavy metals from both 
human and natural sources has been the 
cause of the most important pollution 
problems with respect to the quality of hydric 
resources (UNICEF, 2004; Altamirano, 2005). 
Certain areas in the Central and Northern 
regions are polluted by arsenic from natural 
sources, while craterous lagoons in the 
Pacific, such as Apoyo, Xiloá, Asososca de 
León and Apoyeque also have high levels of 
arsenic (Parello et al., 2008). Mercury used 
in small-scale mining, chromium used by 

4.3. Impact of Heavy Metals tanneries and the lead used in the production 
of batteries are examples of metal pollutants 
of human origin.

Arsenic causes natural contamination of 
groundwater in certain areas of the country 
as a consequence of the presence of 
volcanic formations. The main sources of 
arsenic are mineralized or hydrothermally 
modified tectonic structures found parallel 
to the Nicaraguan Graben, while faults and 
fractures near the flow of groundwater allow 

4.3.1. Problems Caused by Arsenic
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FIG. 16. Land use in the basin of the San Juan River. Lake Colciboca Region.
SOURCE: VAMMEN, 2006. MAP BY YELBA FLORES.

be found directly in the lake when its waters 
are highest during the months of heavy 
rainfall. By means of the “Comprehensive 
Development of the Acahualinca District 
(Managua)” the Mayoralty of Managua in 
coordination with the Spanish Agency for 
International Cooperation for Development 
(AECID - Agencia Española de Cooperación 
Internacional para el Desarrollo), is currently 
developing a proposal to reduce the effects 
of leachates both in the lake as well as in the 
groundwater.  The project includes sealing the 
dump, installing a leachate treatment plant 
and the proper classification of solid wastes 
reaching the landfill.

4.6.1.2. Lake Cocibolca
Lake Cocibolca is the largest body of surface 
water in Central America and is also the largest 
tropical lake in the American continent. It 
has a highly important hydric potential for 
Nicaragua, as its waters are of good quality 
and fit for human use. It is worth mentioning 
that the average flow at its only outlet at San 
Carlos, the start of the San Juan River, is 475 
m3/s or 41 Mm3/d as calculated by INETER.   

Limnologic studies by CIRA/UNAN have 
revealed the speeding up of eutrophication 
processes in recent decades. This has been 
detected as an increase in phytoplankton 
biomass, structural simplification of phyto- 
and zooplankton, and the predominance 
of cyanophytes, blue-green algae that are 
eutrophication indicators.  (Procuenca San 
Juan, 2004a y b). 

These changes have been brought about 
by the increase in macronutrient flow from 
tributaries, the basins of which have suffered 
deforestation, as well as the conversion of 
extensive areas for livestock pasture (FIG. 16) 
and the resulting erosion (Vammen, 2006). 
The main tributaries of Lake Cocibolca in 
Nicaragua, the rivers Malacatoya (in its three 
sections), Mayales, Acoyapa, Oyate, Piedra 
(mid-section), Camastro, Tule and Sapoá 
contain total phosphorus concentrations 
above those that are recommended by the 
Environmental Protection Agency (EPA) to 
avoid eutrophication in lotic bodies of water 
(fast moving) (CIRA/UNAN, 2007). The EPA 
recommends the total phosphorus (TP) 
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guideline value of 0.05 mg/l for all currents 
entering a lake or reservoir. All surface flows 
discharging its waters into Lake Cocibolca are 
used as drinking troughs, for crop irrigation 
(Malacatoya River), and receive various 
discharges from municipalities (Mayales 
River), as well as wastes from dairy processing 
and tanneries, among others. The waters of 
Lake Cocibolca are used to flood extensive 
areas dedicated to growing rice while the 
ecosystem itself receives the irrigation return 
water. Data obtained by CIRA/UNAN from 
2002 and 2003 on the nutrient loading of 
surface waters in Lake Cocibolca, show that 
the Oyate and Tepenaguasapa tributaries found 
on its eastern shore are the main contributors of 
phosphorus pollution with 41 and 123 tons per 
year respectively, as well as nitrogen pollution 
with 123 and 345 tons per year respectively. 
This equals 92% of the total received by the 
ecosystem through rivers. Results show that 
greater input occurs during the first rains when 
soil lacks vegetation in areas used for farming 
activities (Flores, S., 2005).

The General Law for National Waters 
recognizes the importance of adopting 
measures to avoid the degradation of waters 
in the basin: “the lake must be considered a 
natural clean water reserve of high national 
interest and priority, and it is necessary 
to establish the specific mechanisms and 
regulations that guarantee and regulate 
water productivity, while simultaneously 
ensuring the maintenance and increase of 
flow that allow the development of economic 
activities, without detriment to the quantity 
and quality of water production, forbidding 
introduction and culture of exotic invasive 
species, as well as avoiding contamination 

of the resource and the deterioration of 
the ecosystem by industrial and domestic 
effluents” (General Law for National Waters, 
Law 620, La Gaceta, 2007b). The National 
Assembly also ordered the establishment 
of the “Commission for the Sustainable 
Development of the Lake Cocibolca and San 
Juan River Basin” for the purpose of preparing 
the Plan for Comprehensive Management for 
Basin Nº 69. 

4.6.2 Basin Nº 64
Basin Nº 64 is found in the northwest of 
Nicaragua, between the Cosigüina volcano 
and the Tamarindo River (Figure 3) and 
contains the most productive aquifers in the 
country (27.5 x 109 m3; UN, 1974). The aquifer 
covers an area of 1,300 km2 and sustains a 
population of nearly 700,000 inhabitants 
(16% of the total population of Nicaragua), as 
well as the most extensive and fertile land for 
agriculture in the nation. Productive activities 
mainly involve growth of agricultural exports 
by monoculture and intensive mechanization. 
The main crops currently at risk and produced 
for export are sugarcane (65%), peanuts 
(29%) and bananas (6%); these receive a large 
quantity of agricultural chemicals and are 
irrigated by 74.4% of the water extracted from 
the aquifer (MARENA, 2008a y b). Because 
the León-Chinindega aquifer is shallow and 
unconfined, it is highly vulnerable to pollution 
by pesticides. Between 1950 and 1980, the 
most widely used pesticides were highly 
persistent organochlorines. From 1973 to 
1981, 70,270 tons of pesticides were applied, 
80% for the growing of cotton (Briemberg, 
1994). Several studies have shown the 
presence of dieldrin, pp-DDT, pp-DDE, pp-
DDD, and toxaphene above the norm for 
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4.6.3 Contamination of the Caribbean 
Watershed
The rapid spread of the agricultural border to 
the Caribbean coast (Figure IV.5), soil erosion 
caused by fast deforestation, and the wide 
use of pesticides in agriculture have together 

5. Water and Sanitation
5.1 Water Demand for 
Human Consumption
Nicaragua has experienced a significant 
demographic expansion in the past 50 years; 
its population has grown from 1,049,611 
inhabitants in 1950 to 5,142,098 inhabitants 
in the year 2005 (INEC, 2005). 

According to projections on population 
growth, demography in the country is 

drinking water at depths of 12 meters below 
the water table in three sample wells located 
in various fields, historically used to cultivate 
cotton (Delgado, 2003). These compounds 
were also found in soils (Briemberg, 1994; 
CIRA/UNAN, 1999a; Centro Humboldt, 2001). 
The León-Chinandega aquifer in addition 
includes a deeper system that is recharged 
in the mountains, while the shallow system is 
recharged from the central plain (UN, 1974). 

The deeper aquifer is highly vulnerable to 
climate change and to flow conditions of 
the local rivers. Agro-chemicals found in 
the shallow system are a risk to the deeper 
aquifer due to greater pumping of water or 
drought conditions that reduce river volume 
and promote water exchange between the 
two systems (Delgado, 2003; CIRA/UNAN, 
1999b, and Calderón, 2003). Pollution 
assessment of aquifer vulnerability shows 
that it increases during rainy years (MARENA, 
2008a), especially during extreme events 
such as hurricane Mitch, as floods carry all 
kinds of contaminants to wells. The aquifer 
also is very dynamic as a consequence 
of its great permeability. A toxicological 
analysis of the soil and waterwells in the 
Posoltega area performed after hurricane 
Mitch found organochlorinated pesticides in 
concentrations above the EPA norm in eight 
wells and organophosphates in eleven wells   
(CIRA/UNAN, 1999a).

generated an increasing concern relative 
to pollution in ecosystems and draining of 
toxic substances into rivers, coastal lagoons 
and fisheries next to the Caribbean Sea. As 
93% of the country’s surface waters flow into 
Nicaragua’s Caribbean coast, the “Monitoring 
of Pesticide Runoff into the Nicaraguan 
Caribbean” project is  being put into action 
by CIRA/UNAN, under the coordination of 
MARENA and within the framework of the 
regional project “Colombia, Costa Rica and 
Nicaragua; Reducing Pesticide Runoff in the 
Caribbean Sea” (Proyecto RepCar, 2009). In 
this way, information on runoff and impact 
of pesticides along the Caribbean coast will 
be available, concretely with respect to the 
outlet of three basins: (a) Basin Nº 45 Coco 
River (bi-national basin shared with Honduras 
where the Coco or Wangki River hydrographic 
system, the longest in the nation, is found); (b) 
Basin Nº 61 corresponding to the Escondido 
River (connected to the coastal lagoon 
known as the Bluefields Bay, which receives 
pesticides applied on crops in the northern 
part of the basin, and (c) Basin Nº 63 between 
the Escondido River and Punta Gorda (where 
a large part of the population from the Región 
Autónoma Atlántica Sur-RAAS lives).
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hardly available and there are great deposits 
of groundwater. 

This situation forces exploitation of groundwater 
as the main supply source, consequently 
increasing distribution costs due to the energy 
needed to collect and send water through the 
network, therefore limiting development of 
the sector because of high investment costs. 
In the country, clean water is supplied in 
urban areas by ENACAL, the decentralized 
companies AMAT (Empresa Aguadora 
de Matagalpa) and EMAJIN (Empresa de 
Acueductos y Alcantarillados de Jinotega), 
in addition to several municipalities and 
private land developers. ENACAL manages 
76% of the clean water systems in the country. 
Table 27 summarizes information for the 222 
drinking water supply systems, 154 of which 
come from groundwater.

Most of the networks for drinking water 
supply in the country are in poor condition, 
affecting the quality of service, specifically 
continuity of supply.  ENACAL, the country’s 
water distribution company, reports that the 
main supply problems are caused by the 
following factors: limited or no maintenance 
of the network system or pumping 

Distribution 
Companies

Number of systems	 Number of systems per type of effluent

Groundwater Surface water Combination of both

ENACAL 169 138 23 8

AMAT/AMAJIN 19 11 8 -

Municipalities 33 4 29 -

Private 1 1 - -

Total 222 154 60 8

Source: ENACAL, 2008a.

Table 27. Number of Supply Systems per Type of Supply Source.

equipment, high degree of leakage due to 
obsolete distribution networks, frequent and 
lengthy power interruptions, unorganized 
network growth and not less importantly, the 
gap existing between water production and 
increasing demand by the population.  
According to the Executive Head of ENACAL, 
more than half of its users receive water 
partially (a few hours a day) and nearly half 
of the country’s population does not receive 
services from the company. Only 46% of 
the 286.97 mm3 of water supplied annually 
by ENACAL are billed, thus restricting 
development in the sector because of lack of 
resources for investment (ENACAL, 2008a). 
Service quality is most affected from 7:00 am 
and 5:00 pm when demand is highest, mainly 
due to issues with pumping pressure and the 
existing deficit between supply and demand.

Problems concerning service continuity 
become acute during the dry months, the 
most difficult being February, March, April 
and May, when water rationing plans must be 
implemented not only in the capital, but also 
in the remaining departments of the Pacific 
and Central regions (FAO-CEPAL, 2009).
Between 2002 and 2007, ENACAL invested 
US$167,669.30 in clean water and sanitation 
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as well as design shortcomings that range 
from inadequate sizing to the absence of 
preliminary works for the initial treatment 
of inflows, leading to serious environmental 
problems for the bodies of water that receive 
the treated effluent. An example of this is 
Lake Masaya which suffers a high degree of 
eutrophication because it directly receives 
the effluent from the oxidation pond of the 
Masaya municipality (FAO-CEPAL, 2009).

5.8. Applied Technology for the 
Treatment of Wastewaters 
Presently, all existing treatment plants for 
domestic wastewater operate by means 
of physical, biological, aerobic, anaerobic 
processes or in combination with hydraulic 
systems.  Treatment systems found in middle 
to high-class urban areas, which have sprung 
up in recent decades, use conventional 
technology. The most common among these 
systems are compact activated sludge plants, 
which require electricity for their operation. 

With respect to industries, treatment 
technology has focused on conventional 
options: activated sludge, biological filters, 
compact treatment plants, etc. In these 
cases, technology depends greatly on the 
characteristics or components of the effluent.

5.9. Reuse of Water
In Nicaragua, the reuse of treated water is 
an uncommon practice, possibly because 
treatment systems in the country have been 
shown to be inefficient to remove pathogens 
and this hinders the use of treated waters 
for a variety of activities such as irrigation, 
field application, cleaning, and aquaculture, 
among others. From 2000-2002 the effluents 

of only six treatment plants were reused in 
agriculture, specifically forestry plantations 
and tall-growing crops (CEPIS-OPS, 2002). 

The percentage of treated wastewater that is 
reused is currently unknown, but most often 
treated effluents are poured into bodies of 
surface waters such as lakes and rivers, and 
a small percentage is used in seepage pits, 
a practice used in certain compact plant 
treatment systems found in urban areas.

Considering that water supply systems are 
designed for a period of 25 years, most 
drinking water distribution networks in 
urban areas in Nicaragua are obsolete. The 
fact that their useful life is over, in addition 
to the poor maintenance given to pipes and 
pumping equipment, have resulted in serious 
problems regarding water leaking out during 
distribution, mainly due to rusted or broken 
pipes. Other aggravating circumstances 
include the connections made by spontaneous 
human settlements in which pipes lacking 
adequate technical specifications are used 
thus increasing the frequency and amount of 
water leakage in the networks.  A considerable 
amount of investment is needed to restore 
and extend the existing waterworks systems.

As to sanitary sewage networks, the situation 
is even more precarious; as mentioned 
previously, 36 of the 215 cities considered to 
be urban areas have sewage systems, and the 
coverage is only 50%. The problem however 
becomes acute when considering the state of 
obsolescence in which most of the existing 
sewage systems are found in, in addition to 

5.10. Present Situation of Distribution 
and Sanitation Networks
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the inadequate use the systems are given 
by people that pour domestic rainwater into 
them and in some cases, even solid wastes. 
This situation, which is evident in the constant 
blockage issues and spilling of wastewaters in 
various manholes on streets and avenues and 
the noxious smells and runoff of grey water, 
has placed the sanitation system on the verge 
of collapse (ENACAL, 2008). 

Such a dramatic situation demands greater 
investment in the sector to allow restoring, 
extension and maintenance of the sanitation 
networks, together with campaigns to 
increase environmental awareness and 
education that will lead to better service, 
coverage and function.

5.11. Drinking Water and 
Sanitation in Rural Areas
In rural areas, drinking water services are 
supplied by ENACAL, municipalities and 
CAPS. INAA, who regulates this sector, 
reported rural drinking water coverage of 
56% in 2006 (ENACAL, 2008).

In 2008 it was estimated that 5,276 rural 
aqueduct systems supplied the same number 
of small rural communities (ENACAL, 2008). 
The distribution of these water supply systems 
per department is shown in FIG. 19.  

The departments of Matagalpa, León, Estelí 
and Jinotega have most rural waterworks; 
in contrast, the North Atlantic regions have 
the least amount of works and are thus the 
most depressed area regarding the drinking 
water sector. It is estimated that half of 
the rural population in the Pacific region 
of Nicaragua has no access to drinking 

water in their homes and is thus forced to 
supply themselves through communal and 
individual wells, rainwater or surface water 
from rivers, lagoons or shallow reservoirs 
used for livestock watering. From a sanitary 
viewpoint, this represents an important 
health risk. Nevertheless, the situation is even 
more serious in the Atlantic region because 
80% of the population has no direct access to 
drinking water at all. 

FIG. 19. Distribution of Rural Aqueducts per 
Department;

SOURCE: PERSONAL COMPILATION (CIRA/UNAN) WITH 
DATA PUBLISHED BY ENACAL, 2008

Disperse communities present the greatest 
supply challenges as people often have to 
walk several kilometers to find a source of 
water. The supply system is conditioned by 
how long the network has existed, plus the 
yield and building of wells. An additional 
factor that hinders access to the resource are 
new and illegal connections to the system 
by middle to high-class condominiums and 
developments which lack their own wells and 
result in pressure loss in the supply networks.

Supply in rural areas is covered by small 
systems, of which the most commonly used 
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are hand-dug wells (PEM –pozo excavado 
a mano), drilled wells (PP -pozo perforado), 
mini-aqueducts by electric pumping (MABE¬ 
–mini acueductos por bombeo eléctrico), 
mini-aqueducts by gravity (MAG –mini 
acueductos por gravedad), collection from 
springs (CM -captaciones de manantial). Up 
to the year 2002, there had been 4, 886 works 
registered for all the systems mentioned 
(ENACAL, 2005). 

Unfortunately, supply in rural aqueducts in 
most cases is not continuous, quantity is 
rationed and quality is far from optimum as 
the result of a lack of monitoring systems. 
In general, most rural drinking water supply 
systems have been built with external aid 
and insufficient precaution was taken to 
ensure their sustainability. Likewise, there 
has been no maintenance and follow up for 
the works, thus many are non-operating and 
communities are without service. 

According to the most recent population 
census (INEC, 2005), 84.8% has some kind 
of sanitary service, latrines being the most 
common; 15.4% has no service whatsoever; 
43% urban population has toilets while this 
is so for only 2.1% of rural areas. Sanitary 
sewer system coverage is less than 50% 
and grey waters are directly disposed of in 
yards, streets, streams or ravines eventually 
reaching bodies of surface water or filter into 
the soil. In Nicaragua, only 56% municipalities 
have a regular garbage collection service, 
covering an average of 49% nationally. 
Most municipalities have open air landfills 
and only 13% de of these comply with the 
technical and sanitary requirements to 
operate (MARENA, 2005b). 

Domestic wastewaters in rural areas go 
untreated, although there have been isolated 
experiences with the use of the technologies 
applied in urban areas. These are individual 
treatment systems that deal with grey 
waters; they use biofilters or filter beds by 
way of artificial wetlands. Another common 
practice is the use of septic tanks that lack 
soil waterproofing and thus become potential 
sources of pollution.

Composting latrines have been used to 
treat sewage, although unsuccessfully for 
cultural reasons. Garbage collection services 
are almost non-existent in rural areas and 
people rely on burning or burying trash or 
they dispose of it illegally in streams, brooks, 
river beds, lakeshores and the ocean. During 
the season of heavy rains, currents carry solid 
wastes into bodies of surface waters like 
lakes, lagoons and even the ocean, causing 
serious impact on aquatic ecosystems. 

Various studies (MARENA, 2005a, 2007, 2008a, 
b, c, 2009; González, 2006; MARENA, PNUD, 
2000; CATHALAC, PNUD, GEF, 2008; CEPAL, 
GTZ, 2009; CEPAL, 1999) point at the main 
effects of climate change in Nicaragua: 

1) Increase in atmospheric temperature 
and change in rain patterns and amount 
of precipitation, that produce dry periods 
in specific areas of the country due to a 
decrease in groundwater level and runoff 
in the surface water system;
2) Increase in natural threats caused 
by hurricanes, intense precipitation, 
flooding, frequency and length of 
droughts, fire, and heat waves, that affect 

6. Climate Change
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could be greater in subtropical latitudes. This 
rise could be greater in Central America, 
along the Pacific coast, near Guatemala, El 
Salvador and Nicaragua”. The Nicaraguan 
Pacific has been identified as the region most 
vulnerable to water scarcity, even under an 
optimistic scenario, because of the drop in 
rainfall expected by the year 2030 and the 
high vulnerability associated to an increasing 
population rate, intensive agricultural practices 
and environmental decline. The North-Central 
region presents moderate vulnerability. 

As to water quality, greater deterioration is 
expected as a consequence of pollution by 
agricultural chemicals used in more intensive 
agricultural practices and the discharge of 
untreated liquid wastes (MARENA, 2001). In 
such a scenario, the water table of the Pacific 
basin is considered to be highly vulnerable 
as it is already under pressure because of 
intensive farming, industry, lack of wastewater 
treatment and saline intrusion in coastal areas. 
The country’s Central region is considered at 
a mid-level risk because of agriculture and 
deforestation. In terms of variations in rainfall, 
a reduction is expected for the months of July 
and August, corresponding precisely to the 
dry season (MARENA, 2009). This situation, 
together with a the need to increase irrigation 
areas, population increase and a large amount 
of industrial and agricultural activities, will 
cause a fall in water tables and thus a greater 
demand for pumping water. The various 
scenarios for the modeling of aquifer recharge 
in dry years indicate that vulnerability is high, 
as this factor shows a 50% fall, leading to 
a fall in aquifer level below what is safe for 
exploitation. This is an extremely important 
risk indicator for the future, especially under 

situations of prolonged drought associated 
to climate change (MARENA, 2005a). On the 
other hand, as stated in Section IV.6.2, low 
water tables, along with a fall in volume in 
tributary rivers, promote greater groundwater 
pollution. Likewise, the León-Chinandega 
aquifer, found in Basin Nº 64 is predicted to 
suffer water scarcity, in terms of the existing 
infrastructure as from 2015. 

This situation causes concern because, as 
noted in Section IV.6.2, the aquifer is the 
main source of water for all uses (domestic, 
irrigation, industrial and municipal). In 
addition, it is expected that the poorest 
rural communities – particularly small-scale 
producers- will be the most affected in 
these circumstances (MARENA, 2008a), as 
they depend on shallow individual wells. 
As a result of water scarcity, people will be 
more vulnerable to water-borne diseases 
and to malnutrition as there will also be a 
lack of food, a decrease in grain production 
and the proliferation on pests. According to 
studies by INETER (FIG. 21), the areas most 
exposed to drought are the Pacific West 
(Chinandega) and certain municipalities 
in the Central regions (Chontales). In the 
Northern region, the most affected area is 
found between the mountains of Dipilto, 
Jalapa and Isabelia and the de Tepesomoto 
range (INETER, 2000).

In conditions of a modified climate, these areas 
would receive less that 500mm precipitation 
per year, and suffer important consequences 
in agriculture and livestock activities. Most of 
the Central and South Pacific might go from 
having a rainfall of 1,400-1,800 mm/year to 
800-1 000 mm/year. As a result, the arid areas 
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in Nicaragua would grow, and municipalities 
currently considered as dry would become 
even drier by the year 2100 (INETER, 
Dirección General de Meteorología, 1997).

FIG. 21. Map of Areas Vulnerable to Drought in 
Nicaragua;

SOURCE: INETER, 1994.

6.2. Extreme Events 
Extreme events, i.e. drought and flooding, 
affect the poorer and most vulnerable sectors 
of the population the most. They also upset 
governmental efforts for development 
and cause the environment to deteriorate; 
modifying the conditions water resources are 
in. During the last decade there has been an 
increase in frequency and magnitude of El 
Niño and La Niña, which are associated to 
droughts and flooding respectively. On one 
hand, La Niña is related to tropical storms 
and hurricanes and brings about heavy 
rainfall. In the recent past, seven strong 
hurricanes have caused floods and serious 
economic and social damage in Nicaragua 
and neighboring countries. These hurricanes 
are Fifí (1974), Alleta (1982), Joan (1988), 
César (1996), Mitch (1998), Keith (2000) and 

Félix (2006). Nicaragua’s Caribbean coast is 
in the pathway Basin Nº 3 hurricanes (Gulf 
of Mexico, Caribbean Sea and the Atlantic 
Ocean). On average, there are 9.6 tropical 
storms per year. In addition, there is a 6% 
probability of a direct hit by a hurricane in 
the Bluefields area, and a 36% in the “Cabo 
Gracias a Dios” area located in Northern 
Nicaragua on the border with Honduras. This 
implies a high vulnerability to extreme events 
in the Autonomous Regions of the North and 
South Atlantic of Nicaragua (MARENA, 2009). 
Although it is the region with the most water 
resources, the health risk is high because 
of its low human development index (the 
percentage population without water services 
for the North Atlantic Autonomous Region is 
64%, and for the South Atlantic Autonomous 
Region, 89%) and the great number of users 
lacking drinking water services. 

Likewise, El Niño produces warm events 
and drought, as those occurring in the years 
1972, 1976-77, 1991, 1992, 1994 and 1997 
(MARENA, 2008b). In late drought conditions, 
(August to December), there is an increase in 
probability of forest fires which destroys soil 
structure and fertility and makes soil more 
susceptible to water erosion. From 2004 to 
2007, between 1,801 and 4,160 hot spots 
have been registered in the entire national 
territory (SINIA, 2008) concentrated in areas 
dedicated to farming. The Atlantic and San 
Juan River areas are the most affected by 
forest fires (MARENA, 2001).

Floods are caused by the accumulation of 
surface runoff from strong precipitation on 
rivers that run over into the flooding plains. 
The areas in Nicaragua most susceptible to 
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flooding are located in the Atlantic regions 
and, to a lesser degree in the lowlands of the 
Nicaraguan Depression, and the shores of 
Lakes Xolotlán and Cocibolca in the Pacific 
region (MARENA, 2008b). Torrential rains can 
also affect the infrastructure used to collect 
and distribute drinking water, leading to 
water-borne diarrheic diseases. The impact 
of hurricanes, such as hurricane Mitch, 
produce contamination of surface water 
and wells in flood-prone areas that are also 
affected by massive dragging of soils that 
have accumulated pesticides (CIRA/UNAN, 
1999a). Flood waters can also carry all kinds of 
contaminants, which affect highly permeable 
and shallow aquifers, as occurred in León-
Chinandega on the passage of hurricane 
Mitch.  The rural sector is highly vulnerable to 
these extreme events as these communities 
rely on shallow community wells that lack 
sanitary seals and any kind of protective 
measure, as a source of domestic water. 

6.3. Rise in Sea Level
It has been calculated that sea levels could 
rise up to 35 cm in the present century (IPCC, 
2007). FIG. 22, “Flood Areas due to Sea Level 
Rises” show that Nicaragua’s Caribbean coast 
would be the most affected, consequently 
becoming more prone to flooding, coastal 
erosion and saline intrusion. In addition, the 
wetland systems, which cover ~90% of the 
coastline, would be affected as well. 

According to Table 28, five municipalities 
are at risk of potential salinization of water 
sources, with a total population of 145,328 
inhabitants representing 17% of the 
population in the Caribbean region. The rise in 
sea level, together with the high vulnerability 

to hurricanes, justifies the concern for “more 
intense storm surges that affect larger areas of 
coasts” (MARENA, 2009). 

FIG. 22.  Flood Areas due to Sea Level Rises.

SOURCE: SICA, MARCO REGIONAL DE ADAPTACIÓN AL 
CAMBIO CLIMÁTICO PARA CENTROAMÉRICA.

Cities supplied by 
coastal aquifers

Population estimate for 
2008

Puerto Cabezas 68,783

Prinzapolka 16,741

Laguna de Perlas 11,098

Bluefields	 47,347

San Juan del Norte 1,359

Total 145,328

Source: Personal compilation from population data 
in INEC census, 2005.

Table 28. Estimate of the Population Supplied by 
Coastal Aquifers on the Nicaraguan Atlantic coast. 

The consequences of climate change are 
a latent threat to human development in 
Nicaragua. There is a vicious circle regarding 
poverty that involves “current rural poverty, 
continuous breakdown of renewable natural 
resources and vulnerability in the face of 
climate change”. It has been determined 
that 65% of Nicaraguan households are poor 
(Banco Central, 2008), with daily incomes of 
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less than two dollars. It is urgent to plan how 
adaptation to climate change is to occur in 
order to avoid worsening of the expected 
impact (PNUD, 2007-2008). The wealth that 
hydric resources represent in Nicaragua could 
become an important cornerstone for the 
nation’s development; therefore, it is extremely 
urgent to protect and manage these resources 
comprehensively based on the potential 
impact caused by climate change.

The water and sanitation crisis above all 
affects the poorest population; nearly two out 
of every three people in the world who lack 
access to clean water survive on less than two 
dollars a day as well as more than 660 million 
people who lack sanitation. In Nicaragua, 
75.8% of the country’s population lives on 
less than two dollars a day (ENACAL, 2007). 

Furthermore, the lack of sanitation is strongly 
associated to water pollution by pathogens 
and chemical toxins and results in poor water 
quality leading to a series of diseases and 
social issues associated to poor quality of life 
of the population involved. Contamination 
by human activities directly affects aquatic 
ecosystems and human health as it is the 
cause of diseases that have serious effects on 
health and the quality of human life. 
These so-called water-borne illnesses, linked 
to the deaths of millions of children every 
year, are produced by enteropathogens 
and mainly affect the intestinal tract with 
diarrhea as their most common symptom. 
Contaminated water and lack of sanitation 
are considered to be the second greatest 
cause of death worldwide (UNPD, 2006); in 
the year 2006 there were 144,000 recorded 

7. Water and Health  

deaths caused by acute diarrheic diseases 
in Nicaragua (EDA) (ENACAL, 2007). In 
addition Nicaragua suffers from outbreaks 
of leptospirosis during the rainy season 
because water is contaminated with urine of 
Leptospira-infected rodents (MINSA, 2003). 

Another important issue is chronic disease 
related to water contaminated by agro-
chemicals, mainly organochlorines (Álvarez 
Castillo, 1994; Carvalho, 2002; Briemberg, 
J. 1994). Likewise, there are diseases caused 
by the contamination of water resources by 
heavy metals such as mercury and arsenic 
(Altamirano et al., 2009; Jimenez et al., 
2009). 

Regarding the link between water availability 
and cases of acute and persistent diarrhea, it 
is worth noting that in the three years studied, 
the departments with the lowest drinking 
water production show a greater morbidity 
rate by acute and persistent diarrhea than the 
national. Every one of the departments with 
a rate similar or above the national morbidity 
rate for acute and persistent diarrhea are also 
those with serious problems concerning water 
supply according to ENACAL and those with 
scarce access to drinking water and sanitary 
services (ENDESA, 2007). Table 29 shows 
the relation that exists between safe and 
potable water and the incidence of acute and 
persistent diarrhea throughout several years. 

In the western part of the country, the pollution 
by organochlorinated pesticides of soil, water 
and sediments has been widely documented 
(Montenegro et al., 2009; Montenegro et 
al., 2007; Carvalho et al., 2002). In this area, 
xenobiotics have been detected in blood, 
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General Sobre Explotación de las Riquezas 
Naturales” (General Law for the Exploitation 
of Natural Resources) (1958) (La Gaceta, Nº 
83, April, 1958)  was enacted; nevertheless, 
once again water was left out of the legal 
framework. Because of the absence of a 
clearly-defined legal framework, the most 
widely applied norms were those found in 
the Civil Code which recognizes the private 
property of water and in the name of individual 
rights has allowed the contamination of water 
resources in the entire country.

Nearly 100 years passed before the first laws 
that intended to protect water resources 
in a comprehensive manner were passed 
by means of the General Law for the 
Environment and Natural Resources (Ley 
General del Medio Ambiente y los Recursos 
Naturales [Ley 217]) (La Gaceta, 1996), 
promulgated and put into effect in 1996. For 
the first time, the law modified the concepts 
relating to privatization and individual rights 
found in previous laws, and established legal 
consistency with the Constitutional provision 
found in Article 102 which states: “Natural 
resources are national patrimony. 

The preservation of the environment, as 
well as the conservation, development and 
exploitation of natural resources is a concern 
of the State”. Along these lines, Law 217 
states in Article 72: “Water, in all of its states, 
is of public domain. In addition, the State 
owns the beaches of oceans, rivers and lakes; 
riverbeds and basins of natural water deposits; 
salinitrous lands, firm ground found up to thirty 
meters beyond the maximum waterline or the 
permanent banks of rivers and lakes, and the 
stratum or deposits of groundwaters”. 

Law 217 contains 22 Articles dealing with 
various aspects with regards to water 
resources; however, they have not been 
applied on account of the lack of an institution 
in charge of implementing it and protecting 
the resource. The National Policy for Water 
Resources (La Gaceta, 2001) relies on 
management per watershed as the foundation 
for the integrated governance of water 
resources in Nicaragua. It also determines 
the importance of water as national wealth of 
public domain to satisfy the basic needs of the 
population, respecting principles of social and 
gender equity. The policy foresees the impact 
of climate change when it states in Article 2: 
“The objectives of the National Policy for 
Water Resources are the use and integrated 
management of hydric resources in line with 
the social and economic requirements of 
development and in accordance with the 
capacity of ecosystems, in the benefit of 
present and future generations, as well as to 
prevent natural disasters caused by extreme 
hydrological events”. 

The legislative history of water regulation 
reaches its peak in September of 2007, when 
the first law to regulate hydric resources is 
approved and passed becoming the first 
valid legal instrument for the sustainable 
management of water. This law established a 
comprehensive regulatory framework in line 
with the National Policy for the administration, 
conservation, development, use, sustainable 
and equitable exploitation of hydric resources 
in the country, as well as the preservation 
of their quantity and quality.  (C. García, 
President of the Environmental Commission 
of the National Assembly). The General 
Law for National Waters (Law 620) and its 
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Table 1 shows that although annual water 
availability is only 37,363 millions of cubic 
meters which represents 1,8% of the country’s 
total availability for the Pacific Basin, 65% of 
the Peruvian population, 18,315,276 people, 
live in this area, which results in an availability 
of 2,040 m3/person/year on the average.  
However, some populated centers have an 
average availability of less than 1,000 m3/
person/year.  For instance, the Rimac River 
Basin, where Lima is located, has a water 
availability of 148,6 m3/person/year which is 
way below the water scarcity treshold.  Lima is 
the second largest city in the world, following 
Cairo, located in a desert area.  However, 
Cairo is very close to the Nile River, which 
provides much greater water availability than 
the Rimac River provides to Lima.

The Amazon Basin, which also includes the 
highlands, has an annual water availability of 
1,998,752 millions of cubic meters, which is 
97,7% of the water resources of the nation.  
With a population of only 8,579,112, the 
water index is 232,979 m3/person/day.  This is 
approximately 114 times the water availability 
of the Pacific Basin.

FIG. 1. Drainage Basins in Peru.

FIG. 2. Population Density by Region.  Population 
Density Decreases Towards the East. 

SOURCE:  INSTITUTO NACIONAL DE  ESTADÍSTICA E 
INFORMÁTICA (2007) DENSIDAD 2007 DENSITY 2007

FIG. 3. Typical View of the Central Coast 

SOURCE:  ATLAS GEOGRÁFICO DEL PERÚ, 2007
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of elevation between the forebay and the 
tailwater are components which allow one to 
calculate the gross power available. A study 
for evaluation of the potential for power 
generation in Peru was conducted in 1969 
by the Association Lahmeyer – Salzgitter.  
It was sponsored by the former Federal 
Republic of Germany through the German 
Society of Technical Cooperation (GTZ, 
acronym in German), International Bank for 
Reconstruction and Development (IBRD) and 
the Peruvian Government.

The evaluation considered potential power 
plants that could produce 20 MW or more.  
Sites in the lower Amazon Jungle were not 
considered, because of the lack of data, 
mainly topographic surveys and hydrological 
information, unfavorable geologic conditions 
and potential deleterious effects in the 
environment caused by the flooding of large 
areas. The theoretical power potential was 
estimated in 200,000 MW.  This study was 
updated in 1979 by the Ministry of Energy and 
Mines (MEM, acronym in Spanish).  In both 
cases, the reports mentioned that one of the 
main problems for the studies was the lack of 
data. Table 2 summarizes the number of power 
plants and their potential of power generation.
It is worth mentioning that ELECTROPERU 
(the Government Owned Power Company) 
developed preliminary studies for hydropower 
generation of electricity, particularly in 
those sites in which the population heavily 
depended on thermal power. Sites in the 
Peru’s Lower Jungle mostly use thermal 
power plants due to the lack of hydrologic 
information on suitable locations and the 
absence of adequate connectivity in the 
area. For instance, the Napo – Mazán project 

consists of using water taken from the 
Mazán River, a tributary of the Amazon River, 
and diverting it to a power plant. Power is 
generated taking advantage of the difference 
of elevation between the Mazán River and 
the Amazon River, which is approximately 6 
m (19,7 ft). This project could provide electric 
power to Iquitos, the capital of the Loreto 
Region, and other cities in the Amazon area.  
Currently, there are a number of power 
generation projects being developed. A 
number of companies have already applied 
for permits and it is expected that new power 
plants will be built in the short and medium 
term.

Power generate Number of power plants

More than 500 MW 1

Between 100 y 500 MW 9

Between 50 y 100 MW 4

Between 10 y 50 MW 10

Less than 10 MW 9

Harald Federicksen (1996) pointed out that it 
is important not to waste time in coming up 
with real solutions for problems generated by 
the scarcity of water resources. There are four 
points that are key to understand the problems:

a) Scarce time to take preventive measures.
b) Limited measures which are currently 
available to mitigate the effects of water 
scarcity.
c) Competition for funds and resources 
allocations.
d) The minimum ability to handle droughts 
when they occur.

Table 2.  Number of Power Plants and Range of 
Power Generated in MW.
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Large scale municipal water treatment plants 
are practically non-existent in Peru. For 
instance, several collector sewages convey 
wastewater from Lima, the capital city, to 
the Pacific Ocean. Wastewater is mainly 
domestic and industrial. Total annual volumes 
and percentages of wastewater treated and 
untreated are shown in Table 3.

A large amount of water is left untreated.  
In most cases, wastewater is discharged in 
watercourses or water bodies, thus polluting 
the environment.

One of the first major treatment plants 
wastewater, PTAR Taboada, shall be built 
in Callao, the coastal city adjacent to Lima, 
and will process part of the effluents from 
the capital city. A Spanish company won the 

Wastewater produced by 
sanitation services

Volume per year 
(m3/year)

Discharge (m3/s) % Treatment

With treatment 217,253,807 6,89 29,10

Without treatment 530,027,896 16,81 70,90

Total 747,281,703 23,70 100,00

bid to perform the work in 2009. A financial 
agreement was reached and preliminary 
works started on July 20, 2010.  SEDAPAL, the 
water utility and wastewater in Lima will build 
other plants in the following years, according 
to information available on its website (www.
sedapal.com.pe, 2011).

According to the Pan-American Health 
Organization (PAHO), 80% of the hospital 
bed occupation is caused by drinking 
contaminated water. Because of lack of culture 
of water, most cities and towns municipal 
services pour their sewage and solid wastes 
in water bodies and rivers.
This problem is especially critical in large cities 
like Lima with some 8 million inhabitants and 
Arequipa with about 1 million people which 
pollute the Rimac and Chili rivers respectively 
beyond permissible limits.

Contamination reduces the volume of water of 
good quality and also substantially increases 
the cost of drinking water treatment. In 
medium sized cities and towns this problems 
is even more critical. To fulfill one of the 8 
Objectives of the UN Millennium Declaration 
to reduce the infant mortality, it is necessary 
to lower the water contamination caused by 
the population, and agricultural and mining 
activities. It is a key issue to contribute to 
reduce poverty in the country.

FIG. 7. Mine tailings on the Left Bank of Colorado River 
in Cajamarca, Northern Peruvian Andes

Table 3.  Total Annual Volume and Percentages of Wastewater with and Without Treatment.
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of 6,2% of the country GNP. To reduce the 
losses in urban areas in Peru was initiated the 
Sustainable Cities Program in 1998 focused 
on its first attribute: the cities safety. The best 
argument to convince the chief of the El Niño 
Reconstruction Committee (CEREN) at the 
same time, Peru prime minister was that the 
flooding maps.
El Niño 1997-98 were practically carbon copy 
of those of El Niño 1982-83 of main cities 
affected by both El Niño as Tumbes, Piura 
Talara, Paita, etc. In addition to the functions 
of the National Water Authority of Peru 
(ANA) that is to have an efficient water use 
in the country, including disaster reduction, 
Peru’s National Center for Strategic Planning 
(CEPLAN) has nominated a specialist on El 
Niño Southern Oscillation (ENSO) to reduce 
its future negative impact.

Negative trends in precipitation patterns 
have been observed in Chile and part of the 
Western Coast of South America.  Southern 
Peru may be affected by diminished water 
availability. Positive trends in precipitation 
have been observed in the Amazonian 
region, which may lead to more frequent 
flooding in riverside areas.

The Andean glaciers are disappearing 
due to an increase in air temperature 
at high altitudes and diminishing trend 
in precipitations. Figure 8 (Morales-
Arnao, 1982 – 1997 – 2005) shows glacier 
Yanamarey evolution in the course of 23 
years. The same phenomenon has been 
observed in all Peruvian glaciers. Therefore, 
water reserves in form of ice and snow are 
diminishing at a fast rate and may adversely 
affect water availability in the near future.

The importance politicians, entrepreneurs 
and the society at large gave to Peru’s natural 
resources is reflected in Peru’s national coat 
of arms (or Great Shield) which shows a 
Vicuña, a Quinoa tree and a cornucopia, 
which represent the Animal, Vegetal and 
Mineral Kingdom, respectively.  This reflects 
the importance natural resources have in 
Peru’s economic life.  In fact, Peru has been 
a supplier of raw materials to industrialized 
countries for about 200 years. 
 
Peru is a Unitarian country. Its constitution 
establishes that natural resources, renewable 
or not, are property of the State and its 
exploitation is given in concession to the 

7. Institutional Framework

FIG. 8.  Yanamarey Glacier Between 1982 and 2005.  
(Morales Arnao, 1982,  1997 and 2005).
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Peru’s Water Resources Law (Law 29338 
– March 2009)
Peru’s new water resources law has been 
published in March 2009. This new law 
establishes that ANA is the top technical and 
normative authority to deal with water issues 
in Peru. The National Court of Resolution of 
Water Controversies is part of ANA and its 
mandates are final and can only be appealed 
by judicial means. Basin Councils are also 
established.  They participate in the planning 
and coordination of water uses. They may 
cover one or two regions, in which case each 
region will provide the necessary members 
to insure that all sectors of society are fairly 
represented by this authority.

Users´ boards are also regulated. They 
operate, manage and maintain water 
distribution infrastructure, decide on water 
distribution amongst its members and also 
charge for the use of water.

Farmers´ communities and Tribal Communities 
rights are also recognized in this law.  Water 
may be used according to their traditions.  
These organizations have the same rights and 
obligations than the users´ boards. Priorities in 
water use are clearly defined.  The top priority 
is primary use, which is direct consumption by 
human beings.  Population use is the second 
priority. This is consumption in a network of 
domestic users.  Productive use comes third.  
This use is linked to economic activities.

The Hydraulic Resources - University Research 
Consortium (HR-URC) of Peru is composed by 
eight universities qualified by CONCYTEC, the 

8. Recent Efforts in Water 
Resources Research in Peru

National Council of Science, Technology and 
Innovation of Peru, a government agency that 
promotes scientific and technological research 
in Peru. These universities are:  Universidad 
Nacional de Ingeniería (UNI), Universidad 
Nacional Agraria – La Molina (UNALM), 
Universidad Peruana Cayetano Heredia (UPCH), 
Pontificia Universidad Católica del Perú (PUCP),  
Universidad Nacional Mayor de San Marcos 
(UNMSM),  Universidad Nacional de Trujillo 
(UNT), Universidad Nacional San Agustín de 
Arequipa (UNSAA) and Universidad Nacional 
San Antonio Abad del Cuzco (UNSAAC). They 
were ranked and qualified mainly based on 
research production. HR-URC has organized 
three meetings so that the universities that 
are members of HR-URC could present 
their present and future research projects. In 
addition, other organizations such as regional 
(state) and national agencies participated and 
presented their expertise as well as the issues 
they deal with on a daily basis.

CONCYTEC has acted as a facilitator to 
produce ProHidro, the National Plan for 
Research on Science, Technology, and 
Innovation in Water Resources.  Members 
of ProHidro are university instructors and 
researchers, public and private water 
resources managers, regional (state), local 
and national government officers.

Five main research areas have been identified 
by members of ProHidro as follows:

a) Water availability.
b) Water resources integrated 
management.
c) Water supply and wastewater. 
d) Water quality.
e) Risk management.
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Research areas have also been divided in 
lines of research and finally, research projects 
were proposed. One of the main difficulties 
consists of the lack of reliable hydrologic 
and meteorological data. Some examples of 
research produced by Peruvian scholars are 
presented in the next section. Since 2009, 
three universities that form the Strategic 
Alliance: UNALM, UNI and UNMSM have 
organized three National Water Congresses 
in which water issues have been presented in 
a multidisciplinary way.

The congress was developed and chaired 
by the three institutions in the order 
mentioned before. Research on subjects such 
as hydrology, hydraulics, water resources 
management, social and environmental 
issues, etc. have been covered. Institutional 
framework has also been an important 
subject, due to the recent creation of ANA.  
Participants included researchers from 
national and foreign universities, public 
officers, NGOs, private consultants, Utility 
Companies, Water Boards, and the private 
sector in general.

Research on Water Availability
The main objective of this are is to evaluate 
present and future water resources availability 
on a basin by basin basis. Several research 
projects are being conducted in this area.    
The National Agrarian University at La Molina 
(UNALM) is currently studying water resources 
availability in the Peruvian Andes, particularly 
in the White Range where global warming 
has caused retreat of the snow covered areas.  
They are also studying rainfall-runoff relations 
in the Amazon Jungle of Peru. Both projects 
are supported by French universities.

The National University of Engineering (UNI) 
is studying rainfall-runoff relations in several 
natural settings in Peru. Peru’s area and 
weather diversity makes it necessary to study 
water resources in different geographical 
conditions. There is a lack of real time records 
of precipitation and discharge in Peru.  
Therefore, techniques have to be developed 
from basins that have better information 
than others. Two research projects have 
been recently concluded by UNI graduate 
students. In the first one, a Master’s thesis   
has shown that it is possible to predict mean 
daily discharges based on daily precipitations 
in a basin with very limited data by using 
conceptual models such as the Tank and 
NAM models. The Major National University 
San Marcos (UNMSM) is conducting research 
on groundwater resources near marine areas.  
The objective is to study potential solutions 
for avoiding intrusion of saline water in 
coastal wells.

Research on Water Quality
The purpose of this research area is to improve 
the capacity of monitoring, contamination 
reduction and preservation of water quality.
A team led by Dr. Guy Carvajal has been 
working on the reduction of contamination 
levels of Arsenic, Cadmium and Lead from 
polluted water by filtering water through 
sand.  The method consists of using a mix of 
magnesium, sand and marine spores.  Marine 
spores are used to oxidize magnesium, which 
creates a barrier that traps heavy metals.  
Results clearly show that after two hours 
of filtering, concentration of heavy metals 
decreases below OMS permissible limits. Dr. 
Guy Carvajal is a micro biologist specialized 
in Genetics who works as a professor at the 
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1) Peru has a very uneven distribution of 
water resources and population. People had 
a strong tendency to populate the coast, 
which is a very dry area. Water availability per 
capita is one of the lowest in the world.
2) Most of consumptive water use is agricultural, 
followed by municipal and industrial activities, 
and mining. This latter activity is gradually 
increasing its water consumption.
3) Contamination of water bodies and streams 
is an issue that needs to be solved. Passives 
left from past human activities, untreated 
municipal effluents,  and current unregulated 
economic activities are harming water 
resources in Peru.

9. Conclusions and 
Recommendations

4) Water related extreme events affect the life 
and economy of Peru. On one hand El Niño 
Southern Oscillation causes flooding in the 
Northern Coast of Peru and on the other hand, 
may cause severe droughts in other regions.
5) Glaciers are rapidly disappearing from the 
Peruvian Andes. This may significantly affect 
water resources availability in the near future.
6) Water related laws and regulations have 
been rapidly changing during the last 
years to deal with water related problems 
in a comprehensive way. The Ministry 
of Environment and the National Water 
Authority were created in 2008. The Water 
Resources Law and the National Water 
Resources System were created this year.
7) The new water resources law confers full 
power to ANA to deal with water issues on a 
national scale. It also provides a framework in 
which national, regional and local authorities 
and users can use water in a sustainable, 
effective and efficient way. Functions and 
limitations of users´ boards are established.  
Traditional and ancestral uses by farmers´ 
communities and minority ethnic groups are 
recognized as well.
8) Research efforts are made in Peru in the 
water resources area. Most of the work is 
concentrated in a few large universities.  Main 
research areas are water availability and water 
quality. The main difficulty for conducting 
research on water availability is the lack of 
reliable data. Government officers and the 
private sector have also developed some 
work that has been presented in the National 
Water Congresses.

The author would like to thank Dr. Blanca 
Jimenez Cisneros for his invitation to write 
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freshwater diversions exclusive of those used 
for thermoelectric production. The remaining 
23% comes from ground water resources.

FIG 2. Sources of Water Supplies in the United States

The United States has substantial ground 
water resources and virtually no region 
of the country completely lacks ground 
water. FIG. 3 shows the location of nation’s 
principal aquifers or ground water bodies. 
The importance of ground water lies in the 
fact that it is a significant source of drinking 
water in every state. Ground water is also 
an important source of agricultural water in 
the arid and semi-arid western states where 
irrigation is practiced extensively. Moreover, 
the quantities of ground water available 
in storage are significant and can provide 
extra supply on a temporary basis if surface 
supplies are not available. Thus, ground water 
can provide important protection in times 
of drought when surface supplies are not 
available in the usual quantities. (Alley, Reilly 
and Franks, 1999).  The fact that ground water 

is stored in aquifers and does not respond 
directly, in terms of recharge, to shortfalls 
in precipitation means that it tends to be 
readily available, at least over the short run 
in times of drought. In addition, dewatered 
pore space in the nation’s aquifers provide 
very significant storage capacity (Alley, Reilly 
and Franks, 1999). The health of the nation’s 
ground water is a matter of some concern. 
Ground water overdraft threatens the 
sustainability of available quantities of water 
while ground water contamination, especially 
with toxic waste, threatens its quality. As a 
general rule, the quantity of water available 
for extraction on a long term basis can be no 
more than the annual rate of recharge. When 
more water is extracted than is discharged, 
the ground water is said to be overrated.  
Persistent overdraft cannot be sustained 
indefinitely because overdraft results in the 
decline in the level of the water table as 
more water is extracted than is recharged. 
Persistent overdraft means that ultimately 
the water table will drop to a point where at 
least some subset of the extractors can no 
longer extract economically and extractions 
will decline.

Persistent overdraft leads to a number of 
problems. First, in most areas surface water 
and ground water are linked. Where this 
occurs, reduction in water tables will tend 
to accelerate the rate of recharge at the 
expense of surface water flows.  Second, 
land subsidence, or a settling of the land 
surface, is frequently the result of persistent 
ground water overdraft. Galloway, Jones and 
Ingebritsen (1999), report that more than 80% 
of the land subsidence in the United States is 
attributable to ground water overdraft. Third, 
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overdraft can lead to significant declines in 
ground water quality. Most commonly this 
happens when coastal aquifers are overdrawn 
and sea water intrusion results. Quality 
declines can also be experienced in inland 
aquifers where good quality water is extracted 
from the upper layers of the aquifer, thereby 
allowing poor quality, often saline waters to 
be drawn upward.

Overdraft occurs to some extent in all regions 
of the U.S.  Along the Atlantic Coastal Plain it 
has had significant impacts on surface water 
flows. In West Central Florida and along the 
Gulf Coast, sea water intrusion has been 
significant. The High Plains overlie the famous 
Ogallala Aquifer which holds enormous 
volumes of water but recharges very slowly 
and in some places not at all. On the southern 
High Plains the drawdown has had significant 
economic impacts on agriculture in the region 
which has been supported historically by 
ground water. The inland Pacific Northwest 
has also been subjected to substantial ground 
water drawdown. Again, overpumping by 
agricultural users has been the cause. Finally, 
there has been substantial ground water 
overdraft in the southwest desert and in rural 
aquifers in California. In all of these instances 
efforts to attenuate the overdraft have been 
only partially successful. As a result,  the 
problem of persistent overdraft continues 
to threaten the sustainability of aquifers in 
many regions (Alley, Reilly and Franks, 1999; 
U.S. Geological Survey, 2003). The other 
major threat to the sustainability of ground 
water resources in the U.S. is ground water 
contamination. In addition to the salt water 
intrusion which is mainly caused by overdraft, 
ground water can be contaminated either 

through land surface/aquifer interactions 
or surface water/ground water interactions. 
Land surface/ground water interactions are 
dominated by non-point source discharges. 
In irrigated areas, percolating waters-
sometimes attributed to overirrigation-can 
carry pesticide, herbicide and other chemical 
residues into ground water. Similarly, 
livestock operations can lead to aquifer 
contamination with excessive nitrogen and 
other contaminants. Toxic wastes which were 
historically disposed of underground or in 
landfills of various sorts pose a particular 
problem.  In many areas well-head regulations 
have help to reduce contamination but to 
date non-point source pollutants remain very 
difficult to control.

Surface water/ground water interactions can 
also damage ground water quality by carrying 
pollutants in the surface water to ground water 
through surface ground water interactions. 
Microbial contamination frequently can occur 
in this way if the overlying surface waters are 
badly polluted to begin with. Point source 
contaminants in surface waters have been 
regulated reasonably effectively by both 
national and state governments but non-point 
source contaminants in surface supplies remain 
a problem. There are two important principles 
that govern the regulation of ground water 
contamination. First, it is virtually always cheaper 
to prevent ground water contamination in the 
first place than it is to clean it up after the fact. 
Second, ground water tends to move much 
more slowly than surface water and frequently 
is not in contact with light. The result is that 
the self cleansing properties of ground water, 
including dilution, are less effective to those of 
surface waters. (Alley, Reilly and Franks, 1999).  
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FIG. 3. “Nationwide Map of Principal Aquifers”

SOURCE: USGS GROUND WATER ATLAS, 1999
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3. Water Use
Water use in the United States is usually 
counted in terms of combined withdrawals 
from both surface and ground water.

Total daily withdrawals average about 1.5 
X 1012 liters. As shown in FIG. 4(a) below 
80% comes from surface water and 20% 
from ground water. FIG. 4(b) summarizes 
the fact that 84.8% comes from freshwater 
sources while 15.2% from saline. (Saline 
water is used for cooling and for some 
industrial application). Finally, FIG. 4(c) shows 
approximately 77.4% of fresh water comes 
from surface supplies with the remaining 
22.6% coming from ground water.

The practices of accounting for use as 
withdrawals creates some confusion because 
it fails to distinguish between water that is 
consumptively used and water that is returned 
to the stream and may be used again. 
Nevertheless it is the primary form in which 
the data are available. In terms of withdrawals, 
the two largest users of water are for irrigation 

FIG. 4A. Total Fresh and Saline Water Source

FIG. 4B. Withdrawals are 84.8% from Fresh Water and 
15.2% from Saline Water

FIG. 4C. Fresh Water by Source

which accounts for 31% of withdrawals and 
thermoelectric power production which 
accounts for 49%. There are two significant 
differences between these uses. First, a very 
high proportion of irrigation withdrawals is 
used consumptively by the crop itself, and 
return flows to both ground and surface 
waters, if any, tend to be quite modest. By 
contrast, thermoelectric water is used for 
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relatively static when compared with the 
growth in population, gross domestic product 
and total federal outlays. Yet, perhaps more 
importantly there are other symptoms that 
suggest that the federal research enterprise 
is not in particularly good shape to meet the 
challenges which lie ahead (some of those 
challenges are described in the next section).

Many Actors, Little Coordination: Water 
resources research is conducted by no less 
than ten federal agencies. It is fragmented, 
lacks strategic coherence and is susceptible 
to unneeded duplication. Five of the federal 
agencies, listed in Table 1 below, account 
for almost 88% of total funding though no 
agency contributed more than 25% of the 
funding.

Agency 
(Abbreviation)  

Percentage Federal 
Water Research Budget, 

in 2000
U.S. Department of 
Agriculture (USDA)  

17%

 U.S. Geological 
Survey (USES)

18%

 National Science 
Foundation (NSF   ) 22%

U.S. Department of 
Defense (DOD)  15%

U.S. Environmental 
Protection Agency  15%

Source: (NRC, 2004)

Table 1. Federal Agencies with Major Role in
Supporting Water Research

There are an additional five agencies whose 
support levels total approximately 12%. They 
are listed in Table 2 below. The problem here is 
not with the alignment of agencies within the 
two categories but with the fact that there are 
many agencies independently carrying out 

programs of water research and supporting 
such research at the nation’s Universities. 
There is no mechanism for setting national 
water research priorities. There is no process 
through which aggregate performance of the 
federal government in the water research area 
can be assessed periodically and revised to 
ensure that the nation is getting the most for 
its water research dollar (National Research 
Council, 2004).

Agency 
(Abbreviation)  

Percentage Federal 
Water Research 
Budget, in 2000

U.S. Department 
of Health & Human 
Services (DHSS)                           

1%

U.S. Bureau of 
Reclamation (USAR)  2%

 National Oceanic 
& Atmospheric 
Administration 
(NAA)                       

4%

U.S. Department of 
Energy (DOE) 

 4%

National 
Aeronautics & Space 
Administration 
(NASA)                            

 2%

Source: (NRC, 2004)

Table 2. Federal Agencies with Minor Role in 
Supporting Water

The pattern of research topics in the federal 
portfolio fails to reflect modern priorities. The 
emphasis and funding support provided to 
the various research subjects does not reflect 
current topical research priorities. Specifically, 
research on water law, water demand and 
other institutionally relevant topics are now 
funded at levels significantly below the levels 
they were funded at 30 years ago. Moreover, 
water supply augmentation and conservation 
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as well because there was insufficient water 
to serve both the perceived environmental 
need for water and the irrigation contracts 
(National Research Council, 2003).

The manifestations of scarcity are not confined 
to the western regions of the country. 
Glennon (2002) documents examples from 
across the nation in which excess ground 
water withdrawals have caused the drying 
up of streams and rivers and a cascade of 
social conflicts, economic hardship and 
environmental degradation. In many cases, 
the problem is worsened because existing 
legal systems do not recognize that surface 
and ground water are interconnected. The 
waters of the Potomac River were the focus 
of a dispute between Maryland and Virginia in 
the early years of the 21st century. Ultimately 
this dispute had to be resolved by the U.S. 
Supreme Court. And there is extant another 
dispute between the states of Georgia, 
Alabama and Florida that focuses around the 
efforts of Atlanta, Georgia to secure sufficient 
water to support anticipated population 
growth. The manifestations of scarcity are no 
longer restricted to dry western regions but 
are now part of the water management picture 
nationwide. New methods will have to be 
found to resolve the resulting conflicts and to 
help ensure that the nation gets optimal return 
from an increasingly limited water supply.

Protecting the Nation’s 
Drinking Water Supplies. 
Over the last 100 years the U.S. has made 
enormous investments in its water treatment 
and distribution system. The result has 
been that the aggregate water supply has 
been among the safest, most reliable and 

most healthful in the world. Yet there are 
two distinct threats which will have to be 
dealt with in the future. The first, focuses on 
the list of new and potential contaminants 
which threaten the raw water supplies on a 
continuing basis. The second focuses on an 
aging water and sanitation infrastructure 
which will have to be largely rebuilt in the 
coming century. As economic development 
continues, the appearance of new chemicals 
and their residues will likely accelerate. Such 
chemicals are developed for specific purposes 
and frequently confer large benefits on 
society. Yet, at the time they are introduced, 
their behavior and fate in the environment 
are unknown. There is a clear propensity 
for raw water supplies to be contaminated 
not just by newly developed chemicals but 
with chemicals that have been heavily used 
in the past and may not have been properly 
disposed of.

Thus, for example, chemicals ranging from 
the residues of pesticides and fertilizers 
have appeared in ground water some 
decades after their use began. Over the last 
years, a chemical used in the manufacturing 
processes for munitions, rocket fuels and 
fireworks has appeared in California’s ground 
waters. This chemical is suspected of being a 
human carcinogen and is known to interfere 
with human thyroid hormone production. 
These are not isolated examples. Chemicals 
of all sorts - new and old - have appeared 
and will continue to appear in the nation’s 
ground and surface water. Methods to detect 
these chemicals in the environment early on 
and to develop technologies for treating and 
removing them from drinking water supplies 
will be sorely needed. Ideally, it would be 
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desirable to further the development of 
screening protocols which would allow an 
early assessment of how new chemicals are 
likely to behave in the environment and 
characterize the possibility for contamination. 
The second threat to the integrity of the 
nation’s drinking water supplies is the aging 
infrastructure. In the coming decades there 
will be failures of urban distribution systems, 
some of which are well over 100 years old.  
Drinking water treatment plants will have to 
be replaced, and will need to be designed 
in ways that will permit them to adapt to 
new challenges in maintaining drinking 
water quality. It is not even clear that simply 
replacing existing systems makes sense. 
The need to replace distribution systems 
under miles of paved urban areas points 
to the importance of considering more 
decentralized types of systems which serve 
well defined communities or even individual 
dwellings should be examined. There is also 
the very real issue of how the replacement of 
such systems can be financed. Early estimates 
of total costs are staggering.

Can an Effective Water 
Policy be made? 
There is much evidence that many federal water 
policies are either ineffective or only partly 
effective. Thus, for example, many hectares of 
wetlands have been lost to development over 
the years in spite of the fact that wetlands 
are enormously productive biologically and 
provide all manner of environmental services. 
In 1990 the federal government enacted a 
policy that required that there be no net loss 
of wetlands. It required that there had to be 
mitigation where wetlands were destroyed or 
modified. The evidence shows that despite 

the requirement that more than one hectare 
of wetlands must be restored for each hectare 
destroyed; only 70% of the required land area 
was actually restored or created (National 
Research Council, 2001). In addition, many 
of the mitigation efforts were not monitored 
and there was full compliance with only about 
half the permits issued. This is attributable 
in part to the lack of adequate scientific 
information on which to base mitigation 
efforts. Specifically, restoration ecology is not 
currently well enough understood to allow 
such efforts to go forward.

There are a number of other areas where the 
making of policy is hampered by the lack of 
adequate scientific information. These include: 
1) Treatment of drinking water supplies. The 
policies required to govern adequate drinking 
water will require additional science on the 
fate and transport of new chemicals in the 
environment as well as information about the 
effectiveness of new and existing treatment 
technologies in removing harmful and 
potentially harmful contaminants. 2) The use 
of water in agriculture. Agriculture is a major 
consumptive user of water and is seen by 
many as the supplier of last resort to support 
new, high valued uses. Yet the demands for 
agricultural products will continue to grow 
as the world’s population grows. In addition, 
agricultural water management contributes 
to the pollution of ground and surface water 
and to the erosion of some lands.

These non-point sources of contamination 
have been extremely difficult to regulate 
effectively. 3) The maintenance and 
preservation of aquatic habitats. There is 
insufficient knowledge about the quantities 
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Venezuela has abundant water resources, 
distributed in seven hydrographic systems 
and 16 hydrographic regions. The country 
accounts with more than 100 reservoirs, which 
have been built in order to satisfy diverse 
purposes: drinking and industrial water 
supplies, irrigation, flood control, recreation 
and hydroelectric power production.

So many anthropogenic activities are developed 
in Venezuelan hydrographic regions, which 
are affecting water quality of stream, lakes 
and reservoirs. Some of these problems are: 
eutrophication, pollution, lowered water flow, 
high water demand for watering, domestic and 
industrial uses, among others. In Venezuela, 
there are lots of regulatory standards and laws 

1. Introduction

concerning with the water conservation and 
water resources management. There are many 
Institions related with water management and 
research in Venezuela, including Ministries, 
Governmental Enterprises, Universities 
and Research Institutes, among others. 
Some cases of practices of water resources 
management are also discussed.

Venezuela has abundant water resources, 
especially in the Southern region (Rodríguez-
Betancourt & González-Aguirre, 2000). 
Volume of water resources are calculated in 
1320 km3 per year (Cañizales et al., 2006). The 
occupancy process of the National territory 
was characterized by a progressive population 
concentration on the Andean-Coastal arch 
of the country and, specifically, in the big 
cities located in North-Central area, which 
have less water availability (Rodríguez-
Betancourt & González-Aguirre, 2000; 
Cañizales et al., 2006).

Water demand in Venezuela is associated to 
irrigation, industrial-urban uses, and electric 
power production (Rodríguez-Betancourt & 
González-Aguirre, 2000). Navigation, and 
recreation uses represent relatively minor 
demands with a non-consumptive character.
To satisfy water demand, a total of 110 reservoirs 
have been built in Venezuela (MINAMB, 2006), 
which serve for diverse purposes: drinking 
and industrial water supplies, irrigation, flood 
control, recreation and hydroelectric power 
production (González et al., 2004a; MINAMB, 
2006; González et al., 2009a).

However, their misuse and human activities in 
their basins have generated several problems, 

2. Hydric Resources

General Aspects

Keywords: Water resources, problems and 
management of water resources, legal 
instruments, regulatory standards, Venezuela.
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Circuits States Reservoirs

Nº 1 (17)

Aragua, 
Carabobo, 
Miranda, 
Cojedes & 
Vargas

Suata, Taiguaiguay, Canoabo, Guataparo, Pao Cachinche, La Mariposa, 
Agua Fría, El Guapo, La Pereza, Lagartijo, Ocumarito, Quebrada Seca, 
Taguacita, Taguaza, Capaya, Pao La Balsa, Petaquire 

Nº 2 (23)
Guárico & 
Anzoátegui 
(and Aragua)

El Pueblito, Guanapito, Guárico, Jabillal, La Becerra, Santa Rosa, 
Tamanaco, Taparito, Tierra Blanca, Tiznados, Vilchez, El Cigarrón, Coco ‘e 
Mono, Camatagua, El Andino, El Cují, Guacamayal, La Estancia, La Tigra, La 
Tigrita, Santa Clara, Vista Alegre, San Miguel 

Nº 3 (9)
Sucre, Monagas 
& Nueva 
Esparta

Clavellinos, El Pilar, Turimiquire, Guamo, Guatamare, La Asunción, San 
Juan Bautista, San Francisco de Macanao, San Antonio

Nº 4 (7)
Barinas, 
Portuguesa, 
Mérida & 
Trujillo

Masparro, Boconó-Tucupido, Las Majaguas, Las Mercedes, Las Palmas, 
Onia, Agua Viva 

Nº 5 (19) Falcón, Lara & 
Yaracuy

Camare o Pedregal, Cruz Verde, El Cristo, El Isiro, El Hueque III, Las 
Barrancas, Mamito, Mapara, Tocuyo de La Costa, Atarigua, Dos Bocas, 
Dos Cerritos, El Ermitaño, El Zamuro, Los Quediches, Cabuy, Cumaripa, 
Papelón, Durute 

Nº 6 (6) Zulia & Falcón El Tablazo, Machango, Burro Negro, Socuy, Matícora, Tulé 

Nº 7 (9) Táchira & 
Mérida

Uribante, La Honda, Doradas, Las Cuevas, Camburito, Caparo, Borde 
Seco, La Vueltosa, Santo Domingo 

Nº 8 (7) Bolívar Caruachi, Copapuicito, El Palmar, Macagua, Puente Blanco, San Pedro, 
Tocoma

So many anthropogenic activities are developed 
in Venezuelan hydrographic regions, which 
are affecting water quality of stream, lakes 
and reservoirs. Some of these problems are: 
eutrophication, pollution, lowered water flow, 
high water demand for watering, domestic 
and industrial uses, among others.

5. Some Problems Related 
with Water Management

Eutrophication has been reported for many 
water bodies in Venezuela, and many of them are 
used for drinking water supply to the main cities 
of the country. Caracas City and its metropolitan 
area (ca. 4,000,000 inhabitants) receive water 
from the Taguaza, Tuy and Guárico River basins, 
through the “Tuy River System” (González et 
al., 2009a), a complex web of pipelines which 
connects 9 reservoirs: Camatagua, Lagartijo, 
Taguaza, Quebrada Seca, Ocumarito, Taguacita, 
Macarao, La Pereza and La Mariposa. Only 
Lagartijo, Taguaza and Taguacita reservoirs are 
located in protected areas; the rest of them 

Ministry of Environment grouped national 
reservoirs in eight circuits, according to their 
geographical locations, in order to plan their 
maintenance (Table 1).

Table 1. National Circuit of Reservoirs, Grouped According to Geographical Regions, for the Planning of their 
Maintenance. Modified from Minamb (2007).

Eutrophication: 
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and the good water quality that is supplied 
for diverse purposes. Elsewhere, Ministry of 
the Environment has invested high amounts 
of money to recover the water quality in some 
reservoirs, and has invested a lot of time to 
organize communities in order to capacitate 
them for solving their problems and protect 
their natural resources. Some examples will be 
depicted in the following paragraphs.

Reservoir suffers high and frequent level 
fluctuations due to the high water demand 
of the city of Caracas, and water pumping 
from Camatagua and Lagartijo reservoirs. Its 
basin is highly impacted and eroded, which 
directly contribute with a lot of nutrients and 
sediments to the water body.

In October 2005, the water hyacinth 
Eichhornia crassipes began to cover the 
reservoir surface, affecting even more its 
water quality.

From January to May 2007, irregular 
macrophyte removal was made, and due to 
this fact, without success; macrophyte covered 
up to 85% of reservoir surface. In May 2007, 
Ministry of the Environment ordered the 
removal of the macrophyte. The population 
of E. crassipes was almost entirely removed 
in few days, using mechanical harvesting. 
However, water quality was affected, as it 
can be seen in Table 2, because of the high 
amounts of organic matter from dead plants 
that were accumulated in the reservoir bed.

Removal of water hyacinth was the right 
action, but this macrophyte increased their 
high population densities again at the end of 

8.1. La Mariposa Reservoir Case:

2008, because of the lack of a systemic and 
periodical removal of plants. Plants covered 
more than 50% of water surface by February 
2009, and a new removal plan is been 
applied today. Eutrophication sources are still 
present around the reservoir, and therefore, 
if not controlled, E. crassipes will increase in 
numbers once again.

Jan. 
2001

Jan. 
2007

Jan. 
2008

Transparency (m) 0.7 1.3 0.3

Temperature (°C) 24.9 24.6 25.2

Dissolved oxygen  
(mg/l)

7.0 3.8 2.7

Conductivity 
(µS/cm)	

302 347 416

pH 8.05 7.60 8.13

Total P (µg/l) 123 153 308

Total N (µg/l) 1383 844 2261

Condition Without
E. crassipes

Covered 
with

E. crassipes

E. 
crassipes
removed

Table 2. Water Quality in La Mariposa Reservoir 
before, during and after the Presence of

Eichhornia Crassipes.

Reservoir tributaries transport untreated 
waste water from Valencia City, and waste 
water from poultry and pig farms. Thus, 
tributaries introduce high level of nutrients 
into the reservoir (González et al., 2004a; 
2004b). Cyanobacteria blooms were common 
during the rainy season period. Therefore, 
reservoir is highly eutrophic.
	
After limnological characterization, which 
was carried out by Laboratory of Limnology 
of Central University of Venezuela, remedial 
measure was suggested to the hydrological 
companies. Thus, in November 2001 the 

8.2. Pao-Cachinche Reservoir Case:
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The Venezuelan Government encourages 
communities to get involved in improving 
their quality of life. Technical Roundtables 
for Water Problems (TRWP) emerged as an 
alternative for solving problems related to 
drinking water and environmental sanitation in 
Venezuela, in a participatory way. Venezuelan 
government is also creating structures called 
Community Water Councils, where all the 
TRWP converge to present their problems 
and offer their ideas (Salazar, 2009).

From 1999, communal organizations have been 
conformed in urban and rural areas, which have 
been called Technical Roundtables for Water 
Problems (TRWP), with the aim of enhancing 
the maintenance of drinking water supply and 
sanity services. These TRWP have been become 
a fundamental mechanism for the community 
organization, and helping in the development 
of a new culture for water conservation.

Technical Roundtables for Water Problems 
(TRWP) are good examples of community 
participation. Based in the National 
Constitution of the Bolivarian Republic 
of Venezuela, the hydrological company 
HIDROVEN and its filial enterprises, promote 
the conformation of these TRWP (Arconada, 
2005, 2006). 

National Constitution of Venezuela, 
Organic Law of Lending of Drinking Water 
Services and Sanity (LOPSAPS), establish 
the legal framework and mechanisms for 
transferring water services management 
from the hydrological companies to 
Municipalities.

8.4. Technical Roundtables 
for Water Problems:

Hydrological companies, together with 
TRWP, are co-responsible in the diagnosis of 
problems, making and execution of projects, 
and doing comptroller functions.

Venezuelan Government created the Fund 
for Finances Community Projects, in order to 
support these TRWP, which have become in a 
pioneer experience in the direct economical 
fund management for the execution of 
projects related with water supply and sanity. 
Communities have been designed these 
projects on their own. Then, the functioning 
of TRWP is as follows: Communities meet, 
they present their problems and devise their 
projects, and when the financing comes 
through, they carry out the work.

Actually, more than 6500 TRWP are operating 
in Venezuela. Some of their achievements are:

• More than 1,200,000 of inhabitants have 
been benefited.
• More than 1000 projects have been 
executed, with an investment of more 
than US$ 100,000,000.
• Inclusion of more than 600,000 inhabitants 
to the national water system.

This strategy of participation has decisively 
contributed to the main objective of extending 
the population access to drinking water 
supply and sanity. Moreover, communities 
have progressively widened the range of 
their interests: initially concerned with the 
immediate problems of access to drinking 
water and its quality, they have moved on 
to consider broader problems, including the 
environmental problems of the river basins.
In conclusion, there are a growing number of 
Venezuelan communities that deal with their 
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IANAS WATER PROGRAM
Encouraging awareness and knowledge in society in which concerns the 
worth of water and its status in our planet is a fundamental task of our 
times. Like in many places around the world, American countries face 
water problems that demand a better management in order to fulfill 
people’s demands.

Such problems include: scarcity and pollution of water, the need for 
better water management, the lack of ecological order, the impact of 
climate change on the water cycle and the low investment in research and 
technological development in countries.

Hence the idea of writing this book which consists of 15 chapters, most of 
them written by several authors who take care of the particularities and 
needs of their countries. This work brings together the opinions and 
knowledge of 66 specialists in the field of water coming from Argentina, 
Bolivia, Brazil, Canada, Chile, Colombia, Costa Rica, Cuba, United States, 
Guatemala, Mexico, Nicaragua, Peru, Dominican Republic and Venezuela 
which comprise the Water Program of IANAS.

It will be seen, that challenges regarding water in the continent are 
remarkable: scarcity, pollution and climate change impact. Facing these 
issues requires a strengthened management where all the users work 
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