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International Commission on Irrigation and Drainage
(ICID) was established in 1950 as a Scientific, Technical,
Non-commercial, Non-Governmental International
Organization (NGO) with headquarters at New Delhi, India.
The Commission is dedicated to enhancing the worldwide
supply of food and fiber by improving water and land
management, especially the productivity of irrigated and
drained lands. The mission of ICID is to stimulate and promote
the development and application of the arts, sciences and
techniques of engineering, agriculture, economics, ecological
and social sciences in managing water and land resources for
irrigation, drainage and flood management using research and
development, and capacity building.  ICID aims to achieve
sustainable irrigated agriculture through integrated water
resources development and management (IWRDM). ICID
network spreads to 105 countries all over the world.

Country Policy Support Program (CPSP) was launched by
ICID in 2002 to contribute to develop effective options for
water resources development and management to achieve an
acceptable food security level and sustainable rural
development. The program is implemented in five countries
viz. China, India, Egypt, Mexico and Pakistan and is funded
by Sustainable Economic Development Department, National
Policy Environment Division, The Govt. of The Netherlands
as Activity No.WW138714/DDE0014311.
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This report presents water issues and concerns of Baluarte
River basin in particular and those pertaining to Mexico,
in general.

Basin Consultation

Under Country Policy Support Program (CPSP) a basin
level consultation to discuss various issues concerning water
resources development and management of the Baluarte
river basin was held. A wide range of stakeholders
comprising federal, state, and municipal authorities; present
and potential water users in agriculture, municipal,
industrial, hydroelectric, and aquaculture activities; state
and federal legislators; university professors and researchers,
high school educators, and federal institution specialists;
private firm consultants and professional practitioners;
representatives from social and industrial organizations,
environmental interest groups, and labor unions;
agricultural and cattle raiser producers; aquaculture
workers and fishermen; potable water and sanitation public
officials; representatives from professional and civil
associations; journalists, lawyers, public notaries, workers,
and citizens  participated in the consultation.

Presently, water resources of the Baluarte River basin
are mainly harnessed through run-of-the-river flow
diversions. The total catchment area of Baluarte basin is
5,180 km2 of which about 89% is covered by forest. The
total annual utilizable water resources of the basin are
1,819 Mm3.  Presently, only 22,000 ha including 7,000 ha
of export-quality mango orchards are under cultivation of
which 5,625 hectares are irrigated (gross). It is projected
that in the Baluarte basin, by the year 2025, the net
cultivated area will be 53,000 hectares of which 45,000
hectares will be net irrigated. The present human
population of the basin is 60,000 and is projected to be
only increased to 70,000 in the year 2025. Currently some
1 Mm3 is diverted for municipal uses and is expected to be
only less than double in coming twenty years.

Agricultural producers in the zone are promoting the
construction of a reservoir viz. Santa Maria   to irrigate
about 65,000 ha and to regularize the natural flows. The
reservoir will have a gross storage capacity of 1,600 Mm3

with an active capacity of 1,185 Mm3, flood control
capacity of 290 Mm3, and dead storage of 125 Mm3.  Most
stakeholders are of the opinion  that it would be difficult
to balance the economical benefits of a  irrigation district

EXECUTIVE SUMMARY

with the cost of building the reservoir without
incorporating another benefits such as hydropower
generation, flood control benefits, urban and industrial
water supply, recreational activities, aquaculture
protection, and ecological flow as well. The Federal Power
Commission states that the construction of Santa Maria
Reservoir could generate 200 GWh/yr, contributing to the
economical and financial viability of the project. It was
also clarified that the benefits from flood control,
recreational activities, and water supply for urban and
industrial uses may not be as high so as to significantly
impact project profitability, but from a social perspective,
these benefits surely support to the reservoir planning.

The aquaculture protection and ecological flow
downstream of the proposed Santa Maria reservoir are by
far the less understood elements of the ecosystem
equilibrium. There are genuine concerns about the impact
of the reservoir on the lagoon system and estuaries, as well
as on the effect it may have on the interconnection between
the sea and the biota in those ecosystems. It was  also pointed
out that at present, without a reservoir, the flood season in
the Baluarte River opens the sand-bar at the estuaries
allowing the entrance of sea water, which mixes with the
fresh water flowing from upstream which is favorable  for
the ad hoc lacunar system for shrimp reproduction. The
question of how to avoid fisheries disturbances due to the
reservoir construction is a complex one and no objective
solution to decide an appropriate ecological flow is yet
available. There are varying differences of opinions. Some
argue that a constant flow of about 10% of the mean annual
flow should be enough, while others express that the sand-
bar requires a flood-like flow to open, and that a constant
flow is insufficient. A third current of thought indicates
the need to ensure the mixing of fresh water with salt water
in the estuaries - months ahead so that the fish and larvae
especially the shrimps will flourish. It was recommended
that the National Water Commission should perform a
detailed study in this subject before deciding Santa Maria
Reservoir operation, in case a decision is taken to go ahead
with the project. The Mexican National Committee
(MXCID) is willing to participate in the expert consultation
to recommend on this issue.

Most of the participants of the Baluarte River Basin
Consultation agreed to divert some of the basin’s water
resources to increase the agricultural production and the
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irrigated land, generate hydro-electrical power, foster
aquaculture activities, and as assured water source for
municipal uses, while releasing rest of the water for the
environmental purposes in the upper woods and instream
ecosystems. Also, majority of the participants agreed in
protecting downstream riverbanks from recurrent floods,
as well as in reserving an ecological flow that must be
released from the reservoir, even though there was no clarity
about its quantification.

National Consultation

In Mexico, water conflicts between neighboring states
and within hydrological regions have become more
frequent. Low infrastructure maintenance, low water use
efficiencies, water quality degradation and severe flood
control problems portray the pressing need to adopt new
approaches to manage country’s water resources. One of
the most important tools is the existence of a comprehensive
system of water rights, administered by the Federal
Government through the National Water Commission or
by one of its Regional Offices. In Mexico the water rights
system differentiates between water assignments for
municipal uses, which are not tradable, and water
concessions for all other uses, which are expected to be
economically more efficient than urban and industrial uses,
if they are not to be supported by markets of water use
rights. Water dowries (grants), implemented since 1917
Constitution, are accessory to land dowries and may be
employed for multiple uses, except for the finite term of
standing in water concessions, water dowries, which are
granted for indefinite term act as concessions. Land dowries
account for 44% of the national territory, and the volume
of water dowries appurtenant to them are not publicly
known. The volume of consumptive water dowries,
assignments and concessions is about 48,200 Mm3 from
surface water and 27,200 Mm3 from groundwater, which
together represent 15.9% of the national water resources.
In addition, concession is granted for 150,000 Mm3 for
hydroelectric generation, but the actual volume used each
year on an average is 145,620 Mm3, as this use is limited by
the water volume extracted from the reservoirs for
consumptive uses. The total installed hydro-power capacity
in the country is 48,115 Mw, from which hydroelectric
generation contributes about 9,619 Mw distributed through
77 power plants. By the year 2014 it is expected to increase
the installed capacity to 70,241 Mw, from which 2,200
Mw will come from 10 new hydroelectric power plants.

Another element of the new water management in
Mexico is the bolstering of non-regulatory tools, namely

charges for using and discharging water, as well as extracting
stony materials from riverbeds and banks. This constitutes
the basis of the financial system for the National Water
Commission as 65% of its approved budget for 2004 did
not come from general revenues collected by the Ministry
of the Treasury but from charging rights to water use,
discharge and extracting of materials, and 81% of these
duties correspond only to water use. However, the
application of market instruments as supposedly effective
means to induce the efficient use of water has shown severe
limitations in the attaining of social objectives, especially
the environmental ones. Many water users prefer to pay a
discharge fee rather than treating their residual waters and
for water reallocation towards the more profitable uses.
However, during 1992 to 2005 only 1.31% of the
consumptive use concessions were transferred.

The other elements of the new water management in
Mexico include - application of the integrated water
resources management concept, the participation of users
in planning regional water uses and in operating hydraulic
infrastructure granted in concession, a permanent
actualization and publication of water balances, the
creation of a new water culture, and the establishment of
river basin councils. At present there are 26 River Basin
Councils, 10 Watershed Commissions, 16 Catchment
Committees, 66 Groundwater Technical Committees, 32
State Citizen Water Councils, and one National Advisory
Water Council. Every six years a National Water Program
and 13 Hydrological-Administrative regional water
programs are published  in which water users participate.

Local Actions for Global Challenges: Water for Food
and the Environment

The National Preparatory Meeting for the IV World
Water Forum, “Water for Food and the Environment” was
attended by professionals from federal, state, and municipal
officials, authorities from the National Water Commission,
Ministry of Agriculture, Rural Development, Fishing and
Nourishment, Ministry of Environment and Natural
Resources, water rights holders, researchers, specialist from
non governmental organizations, and professors from the
academia. The purpose was to consult the national opinion
in regard to the fourth thematic subject of the forthcoming
world forum, related to Water Management for Food and
the Environment, in the five cross-cutting perspectives:
a) New Models for Financing Local Water Initiatives,
b) Institutional Development and Political Processes,
c) Capacity-building and Social Learning, d) Application
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of Science, Technology and Knowledge, and e) Targeting,
Monitoring and Implementation Assessment.

It was recognized that the increase in food production
for domestic consumption and export must be attained
without neglecting the water needs of our ecosystems. To
achieve such a goal it is required to search for innovative
ways to finance local initiatives, develop capacity-building
and social learning, and to quest the full application of
science, technology and the knowledge in water
management. For instance, financing the construction of
Picachos dam, in which participants are the National Water
Commission, the government of the State of Sinaloa, the
municipal government of Mazatlán and the Water Users,
acknowledges as a novel solution to be adopted in Mexico.

Other local actions such as the rehabilitation,
modernization, use of technological solutions in irrigation
systems and technological rain-fed areas, will facilitated

reduced water consumption in food production. This allows
not only increasing the agricultural production and
productivity, but also improving the rural income and its
distribution and helping the commercialization of
agricultural products, without impacting water stress further.
It is of utmost importance that such successful technology
examples be shared with large world community.

All these successful, novel and replicable projects in
Mexico, are not only examples for other countries, but
contribute to review the distribution of tasks among the
State, private initiative, and society, in order to design
clear and just water policies, and to adequately prepare
present institutions to new challenges. The dialogue in
which society may participate in finding solutions will
allow building a vision environmentally sustainable,
economically efficient, and socially acceptable for water
management.

�����
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CHAPTER 1

INTRODUCTION TO COUNTRY POLICY SUPPORT PROGRAM (CPSP)

1.1 Genesis of CPSP

The Second World Water Forum held at The Hague in
March 2002 deliberated the World Water Vision 2025 in
regard to Water for Food (agriculture), Water for People
(drinking, domestic, sanitation, industry, energy), and water
for Nature (eco-system). ICID facilitated 2nd World Water
Forum in formulation of World Water Vision on "Water
for Food and Rural Development" (WFFRD). In
preparation of WFFRD, ICID, after wide deliberations and
consultations supported by FAO, IWMI, IFPRI, had
projected that by 2025, for Food and Rural Development,
it would be necessary to increase the irrigated area by 18%,
water withdrawals by 17%, water storage by 13% and
funding by 3 times, even after assuming large increases in
water use efficiencies.  However, the "Overview Vision" of
the 2nd World Water Forum scaled down these findings
very considerably, giving rise to serious anomalies.

In this background ICID adopted, in the year 2000, a
"Strategy for Implementation of ICID's Concerns Emanating
from the Vision", for the presentation in the 3rd Word Water
Forum held at Kyoto, Japan.  As a follow up of the strategy,
ICID took up the project titled "Country Policy Support
Program" (CPSP).  FAO, IFPRI, IPTRID, IWMI and the
World Bank agreed to act as Contributing Organizations.
The CPSP is funded by the Sustainable Economic
Development Department (SEDD), National Policy
Environment Division, the Government of The
Netherlands with its Phase I for the period July 2002 to
December 2005.

CPSP essentially serves as a support program to evaluate
water related policies of the member countries. This is done

through an assessment of the water supplies and
requirements for a few selected basins through the
integration of the water needs for the three sectors - Food,
People and Nature.  The assessment process covers the
hydrological assessment, the assessment of the requirements
of the three sectors, evolving options of developments
through the building up of development scenarios and
management policies and evaluating their impacts on the
surface and ground water regime. Basically, the assessment
demonstrates how the Integrated Water Resource
Development and Management (IWRDM) approach can
help in achieving sustainable development, and is thus
able to provide a rational approach for evaluation of water
policies.

Within the context as described above, the objective
of CPSP is to demonstrate the benefit of Integrated Water
Resource Development and Management (IWRDM), used
in a participatory and transparent mode, for integration of
water needs of the three use sectors viz. Food, People and
Nature. The overall goal is to create an improved
Knowledge Base (KB) in regard to the basin studies in
order to support new policies initiatives. This is done
through Basin and National Level Consultations  in which
all stakeholders would be provided with the findings to
help informed discussions, in respect of both assessments
and uses and the desirability of various policy interventions
keeping "sustainability" and other cherished objectives.

1.2  Participating Countries

The five countries of the world i.e., China, Egypt, India,
Mexico, and Pakistan accounting for 43% of the world
population and 51% of the world irrigated area were
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selected under the CPSP (Figure 1). In the Phase-I, detailed
studies were carried out in two countries i.e., China and
India, including some preliminary activities in respect of
Egypt, Mexico, and Pakistan. Outcome of CPSP studies
carried out in India and china are available in CPSP reports

1 to 6 (ICID, 2005a to f). Further, horizontal and vertical
expansion of studies in these five countries could be
programmed under Phase-II subject to further deliberations
amongst the donors, the National Committees and the ICID
Central Office.

Figure 1  Participating Countries in CPSP

�����
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CHAPTER 2

BALUARTE BASIN CONSULTATION

2.1  Basin Description

Baluarte river, also known as El Rosario River, springs at
the Sierra Madre Occidental (Western Mother Sierra) in
the state of Durango, with the name of Quebrada de
Guadalupe (Guadalupe Creek) and later  it is called as
Espíritu Santo (Holly Spirit). Figure 2 shows the location
of  Baluarte river basin and Figure 3 shows a map of the
basin . The total catchment area of the basin is 5,180 km2,
while the drained area till Baluarte II hydrometric station
is 4,653 km2.The length of the main stream of the river is
about 156 km.

The total population of the Baluarte river basin is
59,675 with a very sparse density of 18.1 persons /km2.
Salient  features  of  the Baluarte basin are given in
Annexure 1.

The Baluarte River receives its water from the creeks
Pánuco, Matatán y Santa María and it finally discharges
into the Pacific Ocean at Puerto Las Cabras (Las Cabras
Port). In a small transect the Baluarte River coincides with
the state limit between Sinaloa and Durango.

The mean annual river flow is 1,739 Mm3 and presently,

Figure 2  Location of Baluarte River Basin
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as there are no large reservoirs in the Baluarte basin most of
the flow is available for use. This has motivated the
proposal of construction of the most debated project in the
region - the Santa María reservoir, with a gross capacity of
1,127 Mm3 and an active capacity of 840 Mm3.

The stream flows register at the Baluarte II hydrometric
station for the period 1947-1992 is shown at Figure 4. The
years with higher flow volumes were 1968 (3,511 Mm3)
and 1958 (3,056 Mm3). The driest flow years were 1957
(698 Mm3) and 1982 (800 Mm3).

The largest stream flow volume is observed during the
months of July to October (rainy season). Lowest stream
flows are observed from November to June, while the flows
become almost zero in April and May. Distribution of
monthly stream flows is shown in Figure 5. The flood season
stream flows represent 91.6% of the total flow; 83.5%
corresponds to summer and 8.3% to winter.

The characteristic of rainy seasons are as follows:

❍ Summer rainfall between the months of June to

Figure 3  Map of Baluarte River Basin

Figure 4  Baluarte River Annual Stream Flows
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October. These are characterized by being intense
thunderstorms of short duration, influenced by local
convective systems and the presence of tropical
cyclones. The percentage of rainfall in these months
is 83%.

❍ Winter rainfall between the months of November
and January. These are long duration events of low
intensity due to convergences, waterways and cold
fronts coming from the North. They coincide with
low pressure zones which bring humidity from the
Pacific Ocean and have generated extraordinary
floods in 1949, 1991 and 1992. The percentage of
rain in this season is 13%.

❍ Dry month’s rainfall between the months from
February to May. These are sporadic, low duration
and low intensity events. The driest month is May,
and in some years the precipitation is null. The
percentage of rainfall during these months is 4%.

The mean, maximum and minimum values of
precipitation in Baluarte basin are given in Annexure 2.
The mean monthly values of temperatures and evaporation
in the Baluarte River basin are given in Annexure 3. Besides
evaporation from soil and plant surfaces, there is an
additional return of water to the hydrological cycle due to
the plant transpiration, which results from the biological
processes; the combined factor is called as evapo-
transpiration. The value of this parameter in the
hydrological cycle is associated with the irrigation needs.

Hence, evapo-transpiration is an important factor in
deciding the crop water requirement.

2.2  Basin Consultation

Main objective of the Basin Consultation was to discuss
a prospective of the Baluarte river water use for the future.
The discussion was focused on three components viz.
a) Water for food, b) Water for people, and c) Water for
environment.

Wide range of stakeholders attended the Basin
Consultation. Participants included present federal and
regional public officials from the National Water
Commission and the Federal Power Commission; authorities
from nearby Irrigation Districts; public officials from State
and Municipal Governments; State and Federal legislators;
University professors and High school educators, Private
firm consultants, and Federal institution researchers;
Professional practitioners; representatives from social and
industrial organizations, environmental interest groups, and
labor unions; agricultural and cattle raiser producers;
aquaculture workers and fishermen; potable water and
sanitation public officials; representatives from professional
and civil associations; journalists, lawyers, public notaries,
workers, and citizens.

2.2.1  Water for Food

Mr. Ismael Díaz, president of the Baluarte-Presidio
Committee - a local association that promotes the
development in the Presidio river basin through the

Figure 5  Baluarte River Monthly Stream Flows
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construction of the Picachos reservoir and in the Baluarte
river basin through the construction of the Santa María
reservoir¯ indicated that they had 7,000 ha of mango and
22,000 ha under different production phases. He strongly
proposed to build the Santa María reservoir and to establish
a task force to document and plan a project for the on-
demand and precision irrigation, and to perform an
economical and financial evaluation of the investments.

Mr. Luis Villegas, from the Agro-Industrial Fruits and
Produce, Sinaloa, expressed that it was not possible to
explore all the potential of the Baluarte river water only
with diversions, and supported the idea of building the
Santa María reservoir. He pointed out the fact that
notwithstanding El Rosario is a town older than the rest of
the southern towns in Sinaloa, its mining development at
the onset was not sufficient to further support its economy,
and suggested to review the regional economic policy in
order to drive it through irrigated agriculture.

Jesús González, engineer from the General Under
Division of Construction at the Federal Power Commission,
commented that those projects should be evaluated as
multi-purpose projects, where several uses of water are
integrated. He said that environmental experiences derived
from the construction of the nearby Aguamilpa reservoir
should be taken into account for the Santa María reservoir
in planning of water use. Other benefits that the Santa
María reservoir would be in flood control for the potential
protection to the lower lands downstream, as well as the
generation of 200 GWh/yr.

Doctor José Reyes, President of the National Association
of Irrigation Specialists, expressed a need to elaborate an
Integral Participative Development Plan for the Baluarte
River, where concrete actions should come out of task
forces in order to propose a consensual plan to all water
users.

Engineer Manuel Gilberto Durán Hernández, Municipal
President of El Rosario, Sinaloa, indicated that the Santa
María reservoir may solve existing problems for the water
instream and  alternatively, it may diminish the over
exploitation of  aquifers in the influence zone, which is of
interest  to water managers. He also commented about the
need for treating residual/waste waters generated from
nearby towns and to diminish the contamination risk in
the Huizache del Caimanero Lagoon. He urged for the
construction of the dam and to implement an integral water
management plan in order to achieve a trigger to the
southern economy of the State of Sinaloa.

2.2.2  Water for People

Engineer Carlos Ibarra from the Operating Organization
of Potable Water of Mazatlán, Sinaloa, expressed the need
to count with micro measurement the operating
organizations to be financially self-sufficient, since they
were not, and cited an example of El Rosario, where only
20% of the 9,500 users had measurement. He advocated
that the Federal Government should reinforce the
organizations in rehabilitating the distribution network.
He also emphasized the need to reactivate the Municipal
Directive Councils to help increase the income of the
operation organizations, since it was enough only for wages
and almost nothing was left for the operation of the potable
water distribution systems.

Mr. Isaac Quintero, a citizen from El Rosario, denounced
inappropriate ideas of some political party leaders who
provoke people ‘not to pay’ the potable water service
charges. He urged not get into ‘politics of water’ but to
educate people in order to acquire a water culture and a
conscience to pay for the service, or even the water itself,
for the welfare of the municipality. He proposed that
elementary and high schools be the places where the new
culture about the good use of water should be developed.

Mr. Ismael Díaz, of the Baluarte-Presidio Committee,
commenting on the financial schemes of some public
development financial institutions pointed out that the
interest rate of 6% is too high to afford for towns such as El
Rosario and Escuinapa. Therefore he proposed to evaluate
their payment capacity and to look for ways to assure the
involvement of all different water users.

Doctor Luis Rendón Pimentel, President of MXCID,
informed that a preliminary study of the Baluarte river
basin was being carried out under Phase I of the Country
Policy Support Program (CPSP) of ICID. MXCID will seek
further support of ICID for continuation of the detail study
for water resources assessment in Mexico.

2.2.3  Water for Environment

Mr. Dante González, a consultant expressed his concern
about the impact of the Santa María reservoir on the lagoon
system and estuaries, as well as on the effect it may have on
the interconnectedness between the sea and the biota in
these ecosystems.

Mr. José Pantoja Ledesma, President of the Caimanero
Lagoon Fishermen suggested that   aquaculture be taken
into account, since at present without a reservoir, the flood
season in the Baluarte river opens the sand-bar at the
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estuaries allowing mixing of sea water with the fresh water
flowing from upstream and conforms the ad hoc lacunar
system for shrimp reproduction. He proposed to perform a
study of environmental impact analysis to protect the
legitimate interest and livelihood of the 2,500 fishermen,
which might be affected with the construction of the Santa
María reservoir.

Engineer Ángel Ariel Gutiérrez López, Regional Head
for Investment Program at the Regional Office of the
National Water Commission, told that the ecological flow
has not been computed as yet but it was considered as an
important part of the project design and there was a need
for its precise determination. He proposed a quasi-
permanent flow of about 10% of the total flow volume on
the Baluarte River, to begin with.

Engineer Mohamedalid Sánchez, City Major of
Escuinapa, Sinaloa, said that the environmental flow has
to be handled as an integral component of a project, where
in all stakeholders of Baluarte river basin should be heard.
He recommended studying the construction of ‘breakwater
groins’ to solve the problem of the sand-bar formation at
the estuaries and, at the same time, to evaluate the

possibility of afforesting with mangrove trees some parts of
the estuary.

Mr. Samuel Barajas, from the Fisheries Commission of
the State of Sinaloa, narrated an experience from the State
of Nayarit, south of Sinaloa, specifically at the Agua Brava
Lagoon, where a mouth of 50 m wide was excavated and
that at present it has a width of more than thousand meters,
leading to significant changes at the lacunar system and
affecting the fish catch.

Mr. Juan José Hernández, President of the Fishermen at
the Caimanero Lagoon, said that they agree with the
construction of the Santa María reservoir on the Baluarte
River, but that their opinions need to be considered by the
task force proposed to be setup.

Finally, Mr. Ismael Díaz, president of the Baluarte-
Presidio Committee, presented his concerns about the
financial schemes for agricultural production in the
Baluarte river basin, and Engineer Jesús González, from the
Federal Power Commission, summed up the experiences
of the Federal Power Commission of already built reservoirs
and the importance of environmental impact studies of
the new hydroelectric power generation projects.

Dr. Luis Rendón, President of MXCID, explaining
the CPSP to the participants of basin consultation

Mr. Ismael Díaz, President of  Presidio-Baluarte
Committee expressing concerns during basin

consultation

�����
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CHAPTER 3

NATIONAL PREPARATORY MEETING FOR THE IV WORLD WATER FORUM

The Mexican National Committee on Irrigation and
Drainage (MXCID), the National Water Commission, and
the Ministry of Agriculture, Rural Development, Fishing
and Nourishment convened in León, Guanajuato a
National Preparatory Meeting for the IV World Water
Forum, with the theme “Water for Food and the
Environment” in August 2005. The meeting was attended
by over  400 people, including Federal, State, and
Municipal Officials, authorities from the National Water
Commission, Ministry of Agriculture, Rural Development,
Fishing and Nourishment, Ministry of Environment and
Natural Resources, water rights holders, researchers,
specialist from Non-Governmental Organizations, and
Professors from the academia.

The preparatory meeting was set into the IV World
Water Forum framework theme of Water Management for
Food and the Environment. It covered the five cross-cutting
perspectives: a) New Models for Financing Local Water
Initiatives, b) Institutional Development and Political
Processes, c) Capacity-building and Social Learning, d)
Application of Science, Technology and Knowledge, and
e) Targeting, Monitoring and Implementation Assessment.

It was recognized that the increment in food production
for domestic consumption and export must be attained
without neglecting the water needs of our ecosystems. To
achieve such a goal it is required to search for innovative
ways to finance local initiatives, develop capacity-building
and social learning, and to quest the full application of
science, technology and the knowledge in water
management.

During the preparatory meeting, presentations of
important experiences were made which could not only
be replicable examples in Mexican situation but also in
another part of the world. These local initiatives addressed

the global challenge of water use in the world and will
guide the future water management in Mexico.

The novel financial scheme for the construction of
Picachos dam, involving the National Water Commission,
the government of the State of Sinaloa, the municipal
government of Mazatlán and the water users, is a successful
solution that will be adopted in Mexico.

Other local actions such as rehabilitation,
modernization, use of technological solutions and
measurements in irrigation systems and technological rain-
fed areas, will lead to decreasing water diversions for crop
production. This would allow not only increase in the
agricultural production and productivity but also improve
the rural income and its distribution and help the
commercialization of agricultural products without
escalating the water stress.

Another Mexican example that may be replicable in
the world is the measures to control the over exploitation
of aquifers along with the establishment of policies that
maintain the equilibrium between the recharge and the
extractions. Organization of the infrastructure operation
and conservation, as well as the users’ consciousness in the
Santo Domingo Valley in Baja California South, has
achieved the stabilization of the aquifer, avoiding its further
depletion.

All these successful, novel and replicable projects in
parts of Mexico, are not only examples of best practices for
other countries, but contribute to review the apportionment
of tasks among the State, private initiative, and society in
order to design clear and just water policies, and to prepare
present institutions to new challenges. The dialogue
relative to the ways in which society may participate in the
search for solutions allows building a vision
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environmentally sustainable, economically efficient, and
socially acceptable for water management.

The main conclusions of the preparatory meeting were
as below:

❐ The expansion of water supply for economic
activities and urban centers requires the innovation
on actions, both governmental and social, with due
respect to stream and water bodies sanitation

❐ There is a need to find an equilibrium between
different water uses, in particular, the one posed by
the trade-off in food production and environmental
conservation

❐ Food production increment, both for consumption
and trading, should be addressed without neglecting
the water needs of ecosystems

❐ It is required to search for innovative ways to finance
local initiatives, build capacities and social learning,
and to attain the full application of science,
technology, and knowledge in water management

❐ Rehabilitation, modernization, use of technology,
and measurement measures in irrigation and rain-

fed farming reduce water consumption in agriculture.
This allows the increase of agricultural production
and productivity, improving national income and
its distribution, and promoting crops’ trade without
compromising the environmental conservation

❐ Withdrawal regulations, organization of the
operation and conservation of hydro-agricultural
infrastructure, establishment of policies to maintain
the recharge and pumping equilibrium, as well as
users’ awareness help control aquifer
overexploitation

❐ These successful and innovative projects are not only
suitable for replication in Mexico but also in other
parts of the world. They also contribute to review
the distribution of tasks among the State, private
parties, and society for designing clear water policies
to prepare present institutions to new challenges

❐ Society’s participation in finding solutions leads to
build a technically sound, environmentally
sustainable, economically efficient, socially
acceptable, and hence politically feasible water
management vision.

�����

Address by César O. Ramos-Valdés of
National Water Commission

A Producer Raising his Concern
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CHAPTER 4

NATIONAL CONSULTATION

At the beginning of the 20th Century Mexico’s irrigated
area was about 0.8 million ha, and presently it is 6.3 million
ha. The irrigated lands generate on an average 60% of all
the agricultural production in the country, 80% of rural
employment, and 70% of agricultural exports for the direct
benefit of 1.3 million farmers, 35% of all the agricultural
producers in Mexico. A brief of Historical Development
of Irrigated Agriculture and Water Research, and Water
Policy and Institutional Arrangements in Mexico are shown
in Annexure 4 & 5, respectively.

About 4.0 million hectares of irrigated area is equipped
with agricultural drainage and in addition, 2.4 million
hectares of improved rain-fed land have been developed
with flood protection works and drainage systems.
Agricultural drainage has been an essential instrument for
enhancing agricultural potential through the control of
waterlogging and soil salinity in irrigated areas, control of
excessive water flows in flood prone areas, reclamation of
coastal or inland wetlands, and reuse of residual/waste waters
from urban and industrial sectors. A brief information about
Water and Drainage Users Associations is given in
Annexure 6. The Mexican Water Law and its reform
provides the trading of water rights as an useful and
economical efficient alternative for the improvement of
water re-allocation. Brief information on the Water Markets
and Cost Recovery, and Water Rights Characteristics in
Mexico is given in Annexure 7 and 8, respectively.

4.1  Basic Socio-Economic Data

4.1.1 Population

Mexico’s population was 106.45 million in 2005 and it
is the eleventh most populated country in the world.

According to the National Population Council, the
population growth rate has reduced from 1.6% in 1995 to
1.2% in the 2000. It is estimated that with the prevailing
population growth, Mexico will have 20.75 million
additional inhabitants in 2025 and the country’s population
will stabilize at approximately 135 million in 2040.

The population is mainly urban predominant (75%)
and is concentrated in about 100 medium sized cities and
small towns. Metropolitan centers such as Mexico City,
Guadalajara and Monterrey occupy 2% of the national
territory but comprise 25% of the country’s population. A
little over one-fourth of the population lives in rural
communities under 2,500 inhabitants.

Growth in the industry and services sectors in Mexico
has changed the development profile from rural to a
predominantly urban in less than 30 years. Both, the
population and the economic activity concentrate in the
central, northern and north-western areas of the country,
where the water resources availability is below 2000 m3/
capita/annum. This value, according to international
standards is considered as leading to water stress situation.
This situation has led to certain disagreements between
Mexico and the USA, and conflicts among Mexican States
and different water users, which is further aggravated by
the occurrence of frequent droughts during the last decade.

Mexico is a Federal Republic comprised of 31 Federal
states and a Federal district (Mexico City).The marginality
index1  developed by the National Population Council
shows that four States viz., Chiapas, Guerrero, Oaxaca and
Veracruz have a very high degree of marginality, eight states
display high degree of marginality, seven an average degree

1 The marginality index is a synthesized unit of measurement allowing for a differentiation of Mexico’s states and municipalities according
to the overall impact of deficiencies experienced by the population as a result of a lack of access to education, residence in unsuitable
housing, insufficient income, and deficiencies related to residence in small localities
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and the remaining 13 states have low and very low
marginality. In the four poorer states, the coverage of
potable water, sewage system and sanitation services are
low as compared to the national average.

Mexico has mostly arid and semi-arid climate and the
agricultural sector uses 76% of the total consumptive water
use (which is less than 16% of the natural annual stream
flow, the so called “blue water”) and employs 21% of the
economically active population. This translates into a
direct contribution to the Gross National Product (GNP)
contributing about 4% to the national economy.
Nevertheless, the improvement of this sector is critical to
attain the goal of sustainable development in harmony
with the environment, especially in the Southern and
South-eastern regions of the country where relatively ample
water resources are available.

4.1.2 Economy

Mexico’s economy is a mixture of state-owned industrial
facilities (notably oil, 5.2% of GDP), private manufacturing
and services, large-scale and traditional agriculture, and
flows of capital from emigrants (4.5% of GDP). In the
1980s, Mexico experienced severe economic crisis as the
nation accumulated large external debts due to low world
petroleum prices, rapid population growth outstripped the
domestic food supply, and inflation, unemployment, and
emigration was on high pitch. Growth in gross domestic
product was winding. It recovered from 1.4% in 1988 to
4% in 1990 and then declined to about 2.8% /year from
1993 to 2004.

Mexico’s Gross Domestic Product was US $ 969.5
billion in 2003 (in terms of Purchasing Power Parities it
was US $ 625.6 billion). The corresponding per capita
GDP was about US $ 9,400 and US $ 6,100 in terms of
Purchasing Power Parities). The distribution of national
income as per Gini’s Coefficient is 53 indicating it as
markedly uneven (0 means perfect equality and 100 as
perfect inequality).

4.2  Physical Panorama

Mexico is the fourteenth largest country in the world,
covering an area of 1,964,381.7 km2 of which 1,959,248.3
km2 are on the mainland and 5,133.4 km2 are islands.

4.2.1 Physiography

There are three continental watersheds in Mexico viz.,
(1) the Western or Pacific Watershed, (2) the Eastern or

Atlantic Watershed (Gulf of Mexico and Caribbean Sea)
and, (3) the Inland Watershed, where rivers do not discharge
into the sea. There are 156 major river basins and 653
aquifers.

4.2.2 Climate

The country has a wide range of climate, which can be
classified in  general terms, as warm and temperate with
regard to temperature, and humid, sub-humid, dry and very
dry in relation to precipitation. Dry climates predominate
in most of the country’s Central and Northern areas, which
cover 28.3% of its territory.

Warm climates are divided into warm humid and warm
sub-humid. The former covers 4.7% of the national territory
and is characterized by mean annual temperatures ranging
between 22° and 26°C and annual rainfall between 2,000
and 4,000 mm. Warm sub humid climates are found in
23% of the country, with annual rainfall between 1,000
and 2,000 mm and temperatures ranging between 22°C
and 26°C and more in certain areas.

Seventy per cent of the national territory is arid and
semi-arid, while thirty percent territory falls in humid zones.
This situation results in a very uneven precipitation and
water availability.

4.2.3 Surface Water

Mexico has an average rainfall of 773 mm over an area
of 1,967,183 km2 that represents a volume of water of
approximately 1,513 km3. From this figure, 1,135 km3

evapo-transpires (“green water”), 78 km3 infiltrates and
recharges 653 aquifers, 397 km3 corresponds to stream flow
in 39 main rivers; 49 km3 are net imports from international
river basins, which provide a renewable water resources
availability of 475 km3 each year (“blue water”).

Part of the average annual stream flow of 397 km3 is
controlled in the hydraulic infrastructure, which provides
a storage capacity of 150 km3, 38% of the natural annual
flow. Mexico has 11,600 kilometers of coasts, 1.5 million
hectares of coastal lagoons and 2.9 million hectares of inner
water bodies. In the Peninsula of Baja California, Northern
Sonora and Mesa of the North there are barren zones with
practically no runoff. Whereas in the Gulf, the Pacific zones
and the lowlands, the stream flow is high and the natural
drainage is insufficient, producing frequent floods.

A volume of about 397 km3 of water per year flows
through Mexico’s rivers.  The total annual withdrawals is
48.2 km3, of which 38.7 km3 (80.3%) is for agriculture
purpose. Presently, the  ratio of rights to use water over the
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natural availability in case of surface water use  is 12.14%.

4.2.4 Groundwater

The annual groundwater recharge is estimated as 78
km3 of which 27.2 km3 are extracted every year comprising
18.7 km3 (68.75%) for agricultural use. Groundwater is a
valuable resource and its use has multiplied during last
years, because of the increase of population and economic
growth.

Of the total 653 aquifers, 32 were over exploited
aquifers in 1975, 36 in 1981, 80 in 1985, 96 in 2000, and
104 in 2004. The most pressing problems are the escalating
energy costs, the saline water intrusion in 17 coastal areas
and the groundwater pollution due to nitrates, arsenic and
potassium.

4.2.5 Surface and Groundwater Quality

Water quality is deteriorating due to pollution of most
of the water bodies and rivers in the densely populated
regions. The limited availability of treatment infrastructure
for urban waste waters and the lack of control of industrial
discharges are the main causes of surface and groundwater
degradation. The National Water Commission monitors
240 aquifers in the country with the support of PROMMA
Project (Water Management Modernization Program), to
collect the basic data for the evaluation of water tables
and quality.

4.2.6 Extreme Hydro-Meteorological Events

On an average, 24 hurricanes reach Mexican coasts every
year. Of which three penetrate the territory and cause severe
damages. Intense convective rains produce heavy floods
and land slides. The deforestation and the reduction of the
river beds aggravate the consequences of floods.

Prolonged periods of droughts affect the supply of water
to the population, cause damage to agriculture, livestock
and other activities. According to the historical data,
droughts appear with greater intensity every ten years, and
its duration is variable but usually between 3-4 years.

The results of studies made recently indicated that the
economic losses for the country due to extreme hydro-
meteorological events during the period 1980-1998
estimated to be an average of US$ 450 million annually.

4.3  Water Balance, Present and Future Trends

4.3.1 Water Balance

Only 16% of Mexico’s territory viz. 32 million ha, can
be brought under agriculture use. More than 20 million ha

are cropped every year. About 6.3 million ha are provided
with irrigation infrastructure (3.4 million ha in 86 irrigation
districts and 2.9 million ha in 39,492 irrigation units).
Over one million ha with irrigation infrastructure are not
used mainly because of the lack of water, infrastructure in
poor condition, organization and credit problems, and low
profitability of agricultural activities.

Water availability per capita, for a total population of
106.45 million inhabitants in 2005, was 4,505 m3/year.
Although per capita water availability appears to be
sufficient compared with other countries in semi-arid
regions, but many regions of the country face low water
availability due to high population and it fluctuates
between 200 and 1,500 m3/yr. Overall annual water
extraction for consumptive uses is 91 Km3: 78.5%
corresponds to the agricultural and livestock sector, 8.5%
to self-supplied industry, and the remaining 13% to public
urban use, which includes, besides the domestic or
residential use, the industrial and service uses connected
to the municipal potable water networks.

For planning and water management purposes, the
country has been grouped into 13 Administrative-
hydrological regions defined by the National Water
Commission (NWC). These regions comprise
municipalities, whether inside or outside the hydrological
river basin. Most river basins are trans-boundary in nature,
especially in the central part of the country. At country
level, 15% of the volume of mean natural water availability
is used. Nevertheless, almost half of the country, especially
the northern and central regions of Mexico shows high
water stress (>40%).  Figure 6 shows the water stress situation
in 13 Administrative-Hydrological regions of Mexico.

4.3.2 Consumptive and Non-Consumptive Water Uses

The volumes of the hydrological cycle in the global
and in Mexico are give in Tables 1 and 2, respectively.

Table 1
Components  of the Global Hydrological

Cycle (Km3/yr)

Component Sea Land

Precipitation 390,000 110,000

Atmospheric vapor 12,000 12,000

Evapo-transpiration 430,000 70,000

Uncontrolled stream flow N/A 26,000

Controlled stream flow N/A 14,000
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❍ Northern Region: This includes the States of South
Baja California, Baja California, Chihuahua,
Durango, Nayarit, Sonora and Sinaloa, with a total
area of 903,000 km2 and has a population of 12
million inhabitants. It includes the Bravo/Grande,
Colorado, Conchos, Nazas and Aguanaval river
basins. The region has significant hydraulic
infrastructure that serves 1,350,000 ha of irrigated
area mainly with surface water and 350,000 ha solely
with groundwater. This region comprises the trans-
boundary waters from the Colorado and Rio Grande/
Bravo River, which cross the boundary with the
United States of America. The distribution of water
is regulated by the International Treaty of 1944
according to which Mexico receives 1,850 Mm3/
year in the Colorado and delivers, on an average
431.721 Mm3/year in the Bravo/Grande River. In
order to implement the Treaty an International
Boundary and Water Commission was established
with Section Offices in Mexico and USA.

Figure 6  Administrative- Hydrological Region- wise Water Stress in Mexico

Table 2
Components of the Hydrological Cycle in Mexico

Component [km3/yr]

Precipitation (“Renewable water”) 1,513

Evapo-transpiration (“Green water”) 1,135

Natural surface stream flow    349

Aquifer recharge      78

Annual imports      49

Annual exports   0 .43

Mean  total natural annual water availability 475
(“Blue water”)

Mean annual water discharge to the sea    380

Utilizable water resources 365
(Estimated at 77% of natural stream flow)

In Mexico, the spatial distribution of water resources is
highly variable. The characteristic water availability can
be categorized into four distinct zones.



15

.

WATER POLICY ISSUES OF MEXICO

Water stress

❍ Northeastern Region: This region covers 267,000 km2

with a population of 16 million people. It includes
basins of the rivers San Fernando, Soto La Marina,
Panuco, Tuxpan and Papaloapan. In the highlands
there is little availability of surface water and the
region depends essentially on groundwater. This area
faces some pollution problems besides low water
availability in the highlands.

❍ Central Region: This region covers an area of 267,000
km2 and includes the Federal District, the States of
Aguascalientes, Colima, Guanajuato, Guerrero,
Hidalgo, Jalisco, Mexico, Michoacan, Morelos,
Puebla and Tlaxcala with 35 million inhabitants.
The main river basins are Balsas and Lerma. The
volume of water available in the region is not
sufficient to cover the demands of the population,
irrigation and power generation. The region presents
severe conflicts for the use of water. There is a deficit
availability of surface and groundwater. Pollution is
severe because of the untreated wastewater discharge
to water bodies from large cities especially from
industries.

❍ South-eastern Region: This region occupies
approximately 346,000 km2 and includes the States
of Campeche, Chiapas, Oaxaca, Quintana Roo,
Tabasco and Yucatan. The main river basins are the
Grijalva, the Usumacinta, Verde and Tehuantepec.
It has a population of 9.3 million inhabitants. This
region has relatively high water availability and the
big rivers of the country. This region has greater
potential for construction of dams for flood control
and power generation. Tables 3 and 4 show the water

�����

2 A water concession is a water use right

Water stress

concessions2  and withdrawals needed to satisfy those
pertaining to surface and groundwater, respectively.

Table 3
Water Concessions [km3] (September, 2005)

Use Surface Ground-
water water

Natural availability 397.0 78.0
Agriculture and livestock   38.7 18.7
Public urban     3.9   6.8
Industrial     5.6   1.7
Total   48.2 27.2

12.14% 34.87%
15.87%

Hydropower 150.0     0.0
Environmental      0.0     0.0

Table 4
Water Withdrawals Needed to Satisfy Water

Concessions [km3] (September, 2005)

Use Surface Ground-
water water

Natural availability 397.0 78.0
Agriculture and livestock   54.2 18.7
Public urban     4.3   6.8
Industrial     6.2   1.7
Total   64.7 27.2

16.30% 34.87%
19.35%

Hydropower 150.0     0.0
Environmental      0.0     0.0



.



17

.

WATER POLICY ISSUES OF MEXICO

CHAPTER 5

CONCLUSIONS

5.1  Basin Consultation

The Baluarte river basin is relatively a less developed
region in which a sustainable water resources management
program can be established with the participation of society
from the beginning. From the agricultural point of view,
the zone is particularly well suited for the cultivation of
Mango Orchards. At present, water withdrawal is mainly
through a diversion structure and it has been proposed to
build a multi-purpose storage reservoir for  irrigation,
hydroelectric power generation, potable water, industrial
water use, flood control, aquaculture, and environmental
flow.

The Mexican National Committee (MXCID) in
February 2005, organized a ‘Basin Consultation’ to know
the different point of views on how to further develop the
water resources of the Baluarte river basin. The consultation
was attended by about 70 persons including federal and
regional public officials from the National Water
Commission and the Federal Power Commission, authorities
from nearby irrigation districts, public officials from State
and municipal governments, State and federal legislators,
university professors and high school educators, private
firm consultants, and federal institution researchers,
professional practitioners; representatives from social and
industrial organizations, environmental interest groups, and
labor unions, agricultural and cattle raiser producers,
aquaculture workers and fishermen, potable water and
sanitation public officials, representatives from professional
and civil associations; journalists, lawyers, public notaries,
workers, and citizens.

Most of the participants agreed to share some of the
basin’s water resources to increase the agricultural
production and the irrigated land, generate hydro-electrical
power, foster aquaculture activities, and to assure a source

for municipal water uses, while devoting the rest of the
water for the environment in the upper woods and instream
ecosystems. Most of the participants agreed in protecting
downstream river banks from recurrent floods, as well as in
reserving an ecological flow that must be released from the
reservoir, even though there is no clarity as to how determine
it. Some participants raised their concern about
disturbances to fishery production and ecological discharge
due to the reservoir construction. There was difference of
opinion as regards the proportion of ecological flow
releases. Some argued that a constant flow of about 10% of
the mean annual flow should be enough while others
expressed that the sand-bar requires a flood-like flow to
open and that a constant flow is insufficient. Suggestion
was made to ensure the mixing of fresh water with salt
water in the estuaries months ahead so that the fish,
especially the shrimp and larvae shall continue to flourish.

It was recommended to implement water transfers
towards Las Cañas Creek, located at the south, contiguous
Acaponeta river basin where the town of Escuinapa is
located. This area is part of one continuous agricultural
zone and produces export quality mangos.

The inhabitants of the Baluarte river basin expressed
their concern about the lack of waste water treatment due
to insufficient municipal funds. The two City Majors
present at the Basin Consultation expressed that their
municipal income was not sufficient for funding the
operation of the already federally built water treatment
plants.

5.2  National Consultation

A national meeting called “Preparatory Meeting for the
IV World Water Forum: Water for Food and the
Environment” was held in August 2005 in León, in the
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Mexican State of Guanajuato. About 400 persons,
including federal, state, and municipal officials, authorities
from the National Water Commission, Ministry of
Agriculture, Rural Development, Fishing and
Nourishment, Ministry of Environment and Natural
Resources, water rights holders, researchers, specialist from
non governmental organizations, and professors from the
academia participated in the event. It was emphasized that
water related  concerns and issues of the past are valuable
experiences in formulating present and future water
management practices.

Over the period of more than 80 years, Mexico has
built an extensive  hydraulic infrastructure. It is required
to use the infrastructure to its full capacity, and to utilize
water more efficiently, both technically and economically.
The main instruments for improving water management
were enacted and comprise the establishment of watershed
councils, the enlargement of the financial water system,
the modernization and upgrading of the public registry of
water rights, the strengthening of waste water permits, and
the bolstering of water utilities.

Water conflicts between neighboring States and regions
have become more frequent. Pressing issues like low
infrastructure maintenance, low water use efficiencies, water
quality degradation and severe flood control problems,
had demanded new approaches to water management in
the country.

5.3  Water for Food and the Environment Consultation

The main conclusions of the national level preparatory
meeting were as follows:

❑ The expansion of water supply for economic
activities and urban centers require the innovation
on actions, both governmental and social, with due
respect to stream and water bodies sanitation.

❑ There is a need to find an equilibrium between
different water uses, in particular, the one posed by

the trade-off in food production and environmental
conservation.

❑ Increase in food production, both for consumption
and trading should be addressed with due
consideration of water needs of ecosystems.

❑ Innovative ways to finance local initiatives, build
capacities and social learning, and to attain the full
application of science,  technology, and knowledge
in water management, need to be explored.

❑ Rehabilitation, modernization, use of technology
and measurement measures in irrigated and rain-fed
farming  help reduce water use in agriculture. This
allows  increase of agricultural production and
productivity, improving national income and its
distribution, and promoting crops’ trade without
compromising the environmental conservation.

❑ Withdrawal regulations, organization of the
operation and conservation of hydro-agricultural
infrastructure, establishment of policies to maintain
the recharge and pumping equilibrium, as well as
users’ awareness help control aquifer
overexploitation.

❑ These successful and innovative projects are not only
suitable for replication in Mexico but also in other
parts of the world. They also contribute to review
the distribution of tasks among the State, private
parties, and society for designing clear water policies
to prepare present institutions to new challenges

❑ Society’s participation in finding solutions leads to
build a technically sound, environmentally
sustainable, economically efficient, socially
acceptable, and hence politically feasible water
management vision.

�����
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ANNEXURES

ANNEXURE 1

 SALIENT INFORMATION OF THE BALUARTE RIVER BASIN, MEXICO

1. Total length of the river (km) 156.0

2. Catchment area (km2) 5,180.0

3. Number of tributaries 3

4. Number of basins 5

5. Outfall Pacific Ocean

6. Number of the States covered by the river basin 2    (Durango y Sinaloa)

7. Mean annual precipitation in the river basin (mm) 1,233    (1970-2000)

8. Total annual precipitation over the river basin (km3) 6.388

9. Utilizable water resources (km3) 1.8186

i)  Surface water 1.739

ii)  Ground water 0.0796

10. Climate type According to Koopen’s climatic classification, in the
upper river basin the climate type is AW (W) (x),
belonging to the group of warm, sub humid climates. In
the lower river basin, the climate type is BS (h´) w (x),
corresponding to a dry climate from the group of warm,
semi-dry climates. The rainfall takes place during the
summer and drought occurs in winter.

11. Soil type Most of the land is flat and from alluvial formation,
except in the lower regions. Fine textures with thin to
deep soils of more than 50 cm. Landscape varies from
lightly wavy to wavy with slopes from 0.3 % till 8%,
with an average  from 1 to 3%.
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S.No. Particulars Present Future (2025)

12. Population of the basin

i)   Urban 45,677 54,726

ii)  Rural 13,998 1,786

iii) Total 59,675 71,512

13. Sector wise water use (Mm3)

i)  Agriculture / Irrigation 24.1 838

ii)  Domestic (Drinking and municipal, including 1.161 1.914
industrial use fed by municipal network)

iii) Industrial (Self-fed) 0.581 0.937

iv) Others 0.757 1,414

14. Source wise water use (Mm3)

i)  Surface waters 34.5 918

ii)  Ground waters 27.8 47.6

15. Cultivated area (thousands  ha)

i)  Net 7.0 53.0

ii)  Gross 22.0 75.0

16. Irrigated area (thousands  ha)

i)  Net 4.5 45.0

ii)  Gross 5.625 65.0

17. Number of irrigation projects/ schemes (large and medium)

i)   Completed El Tamarindo diversion dam and 12 km of the lined
main canal

ii)  Under construction None

iii) Planned for the future Santa María storage dam and Guamulchitita diversion
dam

18. Net irrigated area (thousands  ha) 4.5 45.0

19. Forest area of the basin (km2) 4,608.23 3,958.23

20. Culturable waste and fallow areas (thousands  ha) 10.0 10.0

21. Land not available for cultivation (thousands  ha) 70.0 70.0

22. Major industries Mexican Minerals and Mines : (0.508 Mm3 /yr)

Citrofrut Co. : (0.435 Mm3 /yr)

Bottler of the Pacific Co. : (0.090 Mm3 /yr)

23. Water reservations for environment Mexican regulation NOM 011-CNA-2000 does not
specify the procedure for the computation of the
environmental flow. There is, however, at the preliminary
draft, a reservation of about 10% of the mean annual
flow as the ecological flow.
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ANNEXURE 2

MONTHLY PRECIPITATION IN THE BALUARTE RIVER BASIN

Total Area of the Basin : 5,180 Km2

Mean Yearly Precipitation : 1,233 mm
Total Precipitation : 6,388 Mm3

Month Average Maximum Minimum
(mm) (mm) (mm)

January 69 329 0.0

February 15 83 0.0

March 8 76 0.0

April 3 19 0.0

May 11 88 0.0

June 94 289 12.0

July 332 496 97.7

August 300 474 98.5

September 213 345 84.0

October 108 365 0.0

November 38 186 0.0

December 43 166 0.0
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ANNEXURE 3

MEAN MONTHLY TEMPERATURES AND POTENTIAL EVAPORATION,
BALUARTE RIVER BASIN

Month Temperature Potential
(°C) evaporation

(mm)

January 17.6 76

February 18.2 98

March 19.3 144

April 21.5 168

May 23.5 194

June 24.9 177

July 24.1 144

August 23.8 125

September 23.7 113

October 22.9 110

November 20.7 87

December 18.8 72
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1.  Historical Development of Irrigated Agriculture

Mexico has a tradition of water management related to
agricultural production since the Maya, Olmec and Aztec
civilizations. In the formation of country’s institutions in
the 20th Century, the ancient watering traditions were
considered and had a positive impact in furthering
irrigation. However, due to negative consequences of the
drainage works imposed by the Spaniards in the Basin of
Mexico to artificially convert it into a valley, drainage did
not have the same level of inception in the water
development strategies adopted in the country. In certain
areas of Mexican agriculture the concept of irrigation has
prevailed over drainage, and in other regions drainage has
been applied without analyzing the possibilities of
supplemental irrigation and controlled drainage.

Another example is in the Valley of Mexico where the
so-called “chinampas” have more than 10,000 ha of
reclaimed land with irrigation and drainage systems. The
“chinampas” are parcels made with artificial soil built over
shallow lakes with an excellent system to diversify
production and conservation of fertility. This “chinampas”
are in production and can still be seen in Xochimilco in
the Southern part of Mexico City. The source of water is
now a treatment plant in Iztapalapa and the original source
of water is now diverted to fill the endless thirsts of the
largest city in the world

For 300 years after the invasion water “belonged” to the
Spanish King and a royal mercy was required to use it. This
graces passed to the Mexican State in the Independence of
1821, and then they developed slowly into a system of
water rights. In the Colonial period the main interest was
the extraction of minerals so very few hydraulic works were
built. The most important irrigation one was the
construction, by the Augustine monks, of the dam in Yuriria,
in the Lerma river basin, for watering 400 ha and, for its
dramatic consequences, the construction of the
Nochistongo open cut to finish in converting the originally
endorreic basin of Mexico into an artificial valley.

Between 1810 and 1910, mainly private firms and
farmers with the financial support of the government built
some irrigation and drainage works. That is the case of the
diversion works in the Yaqui, Mayo, and Culiacan rivers,
and the expansion of the drainage systems for the newly
converted into valley of the closed basin of Mexico with
the tunnel of Tequisquiac.

The fight for water was imbedded in the Mexican
Revolution. In the arid North, in the Southern sugarcane
haciendas, and in the “ejido1 s” (dowry land) all over the
country the water rights were part of the quest of the leaders
in the Mexican Revolution. An ejido is a legal institution
system where the land belongs to rural communities, and
water use rights are accessory to the land with priority in
long-term assignments, not in yearly allocations, over
regular concessions. Forty four percent of the total land in
the country is in this land tenure system. With the creation
of the National Irrigation Commission in 1926 and the
Irrigation Law with Federal Waters, Mexico established
the institutional setting for the major development of
irrigation in the country.

Having long tradition of irrigation development, from
almost 1.0 million hectares of irrigated land at the beginning
of the century, Mexico now has 6.3 million hectares
irrigated. During 1950 and 1960 the country witnessed the
main period of irrigation infrastructure construction, in
which every year 150,000 ha were incorporated to
production.

Historically, irrigation development in Mexico, apart
form contributing to the highly appreciated objective of
self-sufficiency in food was used as a means of meeting two
long-term political objectives: (a) to make agricultural
production one of the fundamental pillars of the national
economy, especially in the arid, northern region, and (b)
to redistribute land and income, especially among small
farmers and peasants in order to increase their production
and to social justice.

ANNEXURE 4

HISTORICAL DEVELOPMENT OF IRRIGATED AGRICULTURE AND
WATER RESEARCH IN MEXICO

1 The ejido is the land collectively owned by ejidatarios, the collective land-tenure innovated by the Mexican Revolution (which has
introduced a third kind of right, besides the public and private right: the social right).
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2. Historical Evolution of Water Resources
Development and Management

Owing to growing population, and occurrence of
frequent droughts and floods, the country adopted the
concept of integrated water resources management. Since
the creation of the Secretariat of Hydraulic Resources in
1946 and the Water Basin Commissions in 1948, the
country has developed a comprehensive approach to water
resources management and development.

The planning process, which originally was done on a
project basis, moved to include the different uses and users
in the basin and was integrated into regional planning. At
the beginning of the seventies it was formulated and
implemented the National Water Plan. The Mexican Water
Plan of 1975 is one of the most innovative processes of the
hydraulic planning done in the world. A second exercise
was done in 1981.

The objectives of the Plan were to formulate and
institute a systematic process for planning the water
resources development for the rational selection of
programs, projects and policies. Its organization included,
besides the Plan Commission, a Directive Council formed
by the Secretaries of Water Resources, Treasury, Presidency,
a Consulting Council formed by three Mexican experts
and three international experts, and a Coordinating
Committee with representatives from those agencies related
to water and its use. An interdisciplinary group formed the
Plan Commission in order to achieve a balance among the
physical, technical, social, economic and institutional
aspects relative to water management. The Commission
was formed by 82 people, which latter on, because of their
professional development, were responsible for
implementing the main conclusions derived from the
National Water Plan.

Socio-economic aspects were studied at both national
and regional scopes, allowing in this way the identification
of the objectives, policies and development goals, as well
as the definition of the water demand. The diversion of
uncontrolled water resources in the form of precipitation,
surface stream flow and groundwater pumping was
compared with the demand in order to determine the
minimum safe yield that should be sought in water
management and in the sizing and operation of hydraulic
works. In this way, water balances were computed and
alternative solutions to these problems identified, forming
a catalogue of proposed projects, which served as the basis

to formulate and integrate the programs for water resources
development in each region of the country.

In each cycle, policies, and goals for water resources
development are set up. New projects are identified and
recommendations are made for making studies and
obtaining basic data. For the first time in Mexico,
population projections, economic growth scenarios and
the basic socio-economic goals were analyzed and
integrated in the definition of water policies and programs
in an integrated manner. A new institutional development
process was initiated, and the technical interdisciplinary
personal responsible for developing the Plan later became
responsible for its implementation and finally became the
directive group in charge of the hydraulic development of
the country. The different solutions designed in 1975 were
latter implemented taking into consideration the different
political and economic changes the country had faced.
This interdisciplinary group evolved in the experience
initiated in the development of the Plan and then in the
implementation of different programs as PRODERITH
(Integral Rural Development Program for the Humid
Tropic), the design of alternatives for the water supply of
the metropolitan areas of the country, the efficient use of
water, the transfer of the irrigation districts to user’s
associations and finally, in 1992, the new National Water
Law, the Public Registry of Water Rights, and the Financial
Water System were formulated. This process, together with
the political will prepared a background to create the
National Water Commission and the Mexican Institute for
Water Technology. This institutional development process
has had international recognition and has been quoted as
an example of sound water management in the world.

2.1  Development of Tropical Regions

One of the main conclusions of the Mexican Water
Plan 1975-2000 was the goal of developing the tropical
regions of the country, where most of the agricultural
potential (7.5 million ha) was identified. Several physical,
technical, socio-economic and institutional constraints had
limited the expansion of the agricultural development in
these areas.

Mexico’s humid tropics are located primarily on the
Mexican Gulf Coast and in the south-eastern part of the
country. The rainfall reaches 1,700 mm and occurs mainly
in the months of June and September. The high temperature
and relative humidity of the air lead to serious diseases,
pests and weed problems. The regions also posed the
shortcomings of: (a) Poor access for production inputs and
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agricultural outputs, (b) Regular flooding on lowland areas,
(c) High illiteracy rate of the population, (d) Competition
for financial resources from the rapidly developing
petroleum industry, and (e) Steady expansion of extensive
livestock production.

Several experiences for introducing the irrigation
strategy to these areas had failed because of the lack of an
integrated approach. Hence an integrated rural
development approach was devised and a proposal for the
development of the region was designed.

This strategy included initial first stage comprising
development of six pilot projects in a total area of 54,000
ha, the implementation of an extension service to cover
the pilot area, and the improvement and expansion of the
existing agricultural, livestock and forestry research
programs in the region.

The principal objectives of the project was to
demonstrate the feasibility of public investment in the
region based mainly in an integrated rural development
strategy, conceived and implemented in the water sector
with a strong emphasis in local participation and
management. In 1985, the first stage was concluded and
the evaluation conducted proved the social, economical
and technical feasibility of the development of the tropical
regions of Mexico. The following direct benefits were
identified: (a) Crop area was increased by 40,000 ha, (b)
Yields of basic crops rose significantly e.g., between 1979
and 1985 maize yields increased about 60% as compared
to rain-fed areas, (c) Drainage infrastructure reduced
waterlogging on about 100,000 ha, (d) Level of farm family
participation reached from 30 to 50% in the pilot areas,
(e) Thirty two detailed local development plans were
prepared in close collaboration with the communities
themselves, and (f) Over 950 groups, of which 50 were
women’s groups, were formed for small-scale agro industrial
projects.

Some of the indirect benefits of the program were: (a)
Construction of about 390 km of improved access roads to
rural population centers; (b) Improved flood protection in
local urban centers; (c) Improved health and education
status to about 8,000 families who participated in programs
coordinated by PRODERITH; and (d) Reduced rural to
urban migration.

The underlying reasons for the success were: (a) Pilot
project approach allowed to test a wide range of strategies
and technical packages for development of the humid
tropics before committing to large-scale investment, (b)

Careful planning of local development schemes prior to
the beginning of investments and service activities ensured
strong community involvement, (c) Emphasis on
maintaining highly qualified staff members through team
training, strong field supervision and competitive salaries
assured the attaining of goals, (d) Initial concentrated
extension services of one technician for 100 farmers and
the novel approaches for using mass media communication
allowed to replicate the results in another areas, (e) Strong,
effective and stable project management and a technical
committee comprising all implementation agencies met
frequently ensuring a responsible decision making process,
and (f) Effective monitoring and evaluation allowed the
project impacts to be quantified: PRODERITH was able
to present clearly a justification for future investments.

Despite its overall success, the project did encounter
problems, some of which were solved. One of them was
related to the fact that the Ministry of Agriculture and
Water Resources (SARH) procedures on design,
contracting and supervision of infrastructure were initially
based on experiences from arid/semi-arid irrigated areas,
which were not appropriate for the humid tropics, and this
slowed down the implementation. Furthermore, it became
apparent that the construction of on farm works through
the credit program was not working. However it is now
agreed that works such as field drains, ditches, land leveling
and soil conservation need to be included as an integral
part of drainage projects, and some of them are done with
the direct participation of the farmers.

From the favorable results obtained in the first phase of
PRODERITH a second phase was prepared by the
Commission for the National Hydraulic Plan (CPNH). The
rationale for this second phase stemmed from the positive
experiences and was shared by SARH, which concluded
that of the many development programs tested in the region,
PRODERITH had achieved the most success and therefore
should be the model for future investments. This was
congruent with the strategy of providing more direct
productive assistance to poorer farmers in rain-fed regions,
which had traditionally received only limited support.

The main objectives of PRODERITH II were:

a) Alleviate poverty by improving economic
conditions of 40,000 rural families through more
efficient utilization of local resources and provision
of improved infrastructure and services,

b) Expand the rational exploitation of Mexico’s tropical
lowlands using technical, administrative, and
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organizational measures successfully tested under the
PRODERITH I program,

c) Increase the agricultural productivity and
production, and

d) Strengthen the agricultural institutions and promote
greater producer involvement in operation and
maintenance of infrastructure.

The project start-up period (1986-1989), was
characterized by several institutional changes and a big
financial crisis in Mexico, where intervention in prices
felt-down and hit hard in all investment projects across the
country. As a consequence, project start-up was much slower
than originally anticipated. Another remarkable event was
the whole transformation of the water institutions in the
country, with the conclusion of the River Basin
Commissions, the transformation of the National Planning
Commission into the Mexican Institute of Water
Technology (IMTA), and the creation of the National
Water Commission (NWC).

The second part of the implementation history (1990-
1994), was characterized by a strong push-ahead on project
implementation. Budgets were still small but timely and
well distributed among sub-projects. After March 1991,
IMTA functions were concentrated on technical assistance,
training and institutional development, while NWC was
in charge for implementation. The technical coordination
units were created to take charge of the extension
component, functioning as private enterprises and assisting
farmers in the areas of production techniques and
organization.

During this period the agricultural production
diversified and increased to more than 800,000 ha.
Substantial increment in production was made in tropical
fruits, improved pastures, and permanent crops. It is also
remarkable the co-participation of private business in the
areas of packing houses, marketing, and some agro-
industries. On the other hand special attention was given
to 300 productive projects of women.

As a result of the new Federal Administration since
1995, several institutional changes took place and affected
CNA organization and functions and impacted the
development of the tropics areas.

2.2  Irrigation and Drainage Program

The rapid expansion of irrigated lands, however, came
to a near halt as a consequence of the financial crisis, which
began in 1982, and the sharp reduction in public
investment that characterized the subsequent stabilization
programs of the Government. Public investment and
expenditures in hydraulic infrastructure, which represented
about three-quarters of the agricultural sector investment,
declined from US $ 3,600 million annually to US $ 230
million between 1981 and 1988. Although this decline
followed the general trend of total public investment,
irrigation infrastructure was worse hit than other sectors of
the economy. This was mainly because of the difficulties
experienced in the late irrigation investments in the Pánuco
region and the contradiction between social development
and land reform with capital and land concentration for
agro-business production. As a result, the expansion of
irrigated land was reduced to a mere 5,000 ha in 1988. A
similar trend can be seen in the areas rehabilitated each
year, which declined form 11,400 ha to less than 6,000 ha
over the same period. Moreover, the economic crisis affected
not only new investments but also the resources available
for maintaining existing infrastructure. As a consequence
0.8 million ha were under-utilized as a result of the
deterioration of the infrastructure due to poor maintenance,
and a further 1.5 million ha were in need of the
rehabilitation in 1988 to restore them to their original
level of efficiency.

The 1989-1994 National Development Plan reinforced
the global strategy of increasing agricultural production
mainly by improving the efficiency in the use of existing
irrigation schemes and only on exceptional basis through
expansion of the irrigated area. This represented a change
in the strategy pursued during the 1970’s and 80’s when the
emphasis was placed on expanding the area under
irrigation, with little attention to efficiency in the use of
resources. This reversal of priorities was in response to
increasing scarcity of financial and water resources.

The objectives of the “Time Slice2 ” project were to:

a) Promote the efficient use of existing infrastructure
by giving priority to the rehabilitation,
modernization, and completion of existing works,

b) Promote the adoption of improved irrigation

2 The Time Slice Project was  a Mexican innovation for utilizing the  World Bank credit: the  money was transferred to Mexico like the
slices of a bread i.e. on certain dates and not on the completion of certain activities.
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techniques leading to a more efficient use of land
and water resources,

c) Transfer gradually the responsibility for operation
and maintenance of the Irrigation Districts to Water
Users Associations (WUA’s) and increase the farmers’
contribution to O&M expenses and investment
costs,

d) Prevent the expansion of irrigated areas in those
regions where water resources are over-exploited,
except when expansion is the result of improved
efficiency in water use,

e) Prevent degradation of water resources by controlling
the release of toxic substances into water bodies/
rivers/ canals and by avoiding over-exploitation of
aquifers, and

f) Allocate investment resources, combining cost-
effectiveness with social and income redistribution
criteria.

The implementation of this project had profound results
in the irrigation sector in Mexico. The objectives were
well surpassed. More than 3.3 million ha of the 3.4 million
ha of the irrigation districts was transferred in the year 2002.
As a result, a total of 444 Water Users Associations were
formed and 10 Societies have reached the level of
managing the whole system.

In general, the farmers have three complaints. First, the
lack of transparency in the use of the water fees, as these
were paid to the ‘National Treasury’ and later in the year
authorized for its use in the district in an untimely manner.
Second, a poor delivery service at the on-farm level with a
lot of discretion placed in the hands of the gatekeepers.
Third, poor level of maintenance of infrastructure because
of lack of government funds.

On an average  200 meetings  per irrigation district were
carried out to explain the objectives, commitments and
rights need to be fulfilled, the conditions to obtain the
concessions of water,  the need to rehabilitate or modernize
infrastructure and to get access to the machinery proposed
in the transfer program. A special team was appointed to
give a follow up to the process with high-level officials in
the administration to be able to take into consideration
the proposals of the farmers and provide prompt solution
to the questions.

The next step consisted in calculating the O&M fees to
provide an efficient irrigation and drainage service. A key

factor in the discussion was the commitment from the
farmers to achieve 100% self-sufficiency in these concepts.
The users organized themselves into civil associations
according to respective State law.

The federal government retained the control of the head
works and in some cases of the main networks of canals and
drains. In ten districts with a higher level of organization,
this infrastructure was also transferred to societies. The
government is responsible for the collection of data related
to water tables, efficiencies and water quality, and the
general supervision of the Irrigation Districts.

In 1994, the National Association of Irrigation Users
(ANUR) was created to provide services to its members in
technical, managerial, accounting assistance, legal tax
advice, and support to consolidate the decentralization
process. The ANUR operates the Center for Irrigation and
Drainage in Valle del Carrizo District, State of Sinaloa, on
an area of 100 ha to demonstrate irrigation and drainage
practices, and has the infrastructure to provide training to
the water Users Associations.

The initial results of the transfer were significant - an
increase of 73% in real terms in the investment allocated to
conservation works with respect of 1988. The modernization
program covered 543,000 ha, 23% of the total requirements.
The conveyance and distribution efficiency of the Irrigation
Districts increased from 60 to 66%.

2.3 On-Farm and Minor Irrigation Program

This project was developed with the aim to introduce
on-farm and minor irrigation improvements in the recently
transferred irrigation districts to Water Users Associations.
The total cost of the project was originally calculated at
US$ 570 million. The project sought to make the Mexican
irrigation sub sector more efficient and less reliant on
government funds, through shared investments by
beneficiaries. It was the first time a project was designed to
make a real change at the on-farm level to permit water
savings and give operational flexibility and support more
intensive cropping, better yields and diversification to high
value crops. These developments would increase the
profitability and sustainability of irrigated agriculture, as
well as the potential for exploiting new markets to be
developed under the North American Free Trade
Agreement (NAFTA). Increased private investment in
irrigation will be encouraged by the participation of WUA’s
and farmers in decision-making about investments and
priorities, under a sound legal regulatory and administrative
framework.
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Specific objectives of the ‘On-Farm and Minor Irrigation
Program’ were to (a) reduce loss and waste of irrigation
water, (b) promote decentralization and private investment
in irrigation, (c) increase cropping intensities and yields,
and (d) increase crop diversification into higher value
crops. Apart from the technical support, communications
and training component, the hard core of the project
included minor network improvements and on-farm works,
comprising small irrigation and drainage networks in
command areas between 80 and 500 ha.

With a very favorable system of credit, the project
assumed a 100% cost recovery for on-farm improvements
and 50% recovery for minor networks improvements. The
degree of cost recovery for operations and maintenance
(viz.,100%) which was present at the time of appraisal,
would be retained in the future. There was no cost recovery
for technological support, communications and training,
to help the project to develop field studies and designs.

The investments had an important effect on the
development of the infrastructure and later on the
integration of the National Water Plan and the follow up.
Since 1975, the World Bank participation in the
agricultural sector amounted to US $ 3,967 million dollars
distributed among 31 projects.

From 1960 to 1976 irrigation represented 90% of the
total investment in the agriculture sector.  Later, it started a
sharp reduction and nowadays it is only 5% of the total
expenditure. The same has happened with the Bank
portfolio, where the Bank is only financing 5 to 10 projects
each fiscal year, and these interventions are mainly related
to rehabilitation or modernization of existing infrastructure.
In the future, Mexico needs to modernize irrigation
infrastructure and make a more efficient use of water in
agriculture. ■
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1.  Water Policy

Water in Mexico has always been considered a critical
and vital resource for the development of the country. This
consideration has been reflected in the institutional
arrangements established by the different administrations
in the last century. A summary of the institutions and the
corresponding legal instruments which have been created
to implement the water policies in the country is shown in
Table A-1.

Drainage has been part of this policy, linked to irrigation
in the arid and temperate zones, and to flood control and
rural development in the tropical areas. The key
institutional evolution of water resources and irrigation
development in Mexico is briefly stated as below:

The National Irrigation Commission (CNI)

The starting point is the Irrigation Law with Federal
Jurisdiction Waters of 1926 and the creation of the National

ANNEXURE 5

WATER POLICY AND INSTITUTIONAL ARRANGEMENTS

Irrigation Commission (CNI). This triggered the
institutional development of water resources for irrigation
in a massive scale. The Commission had the authority to
plan, construct, establish the Irrigation Districts, and
promote the colonization of the new irrigated areas. In
1936 with the formation of the Small Irrigation Department
at the CNI, the demands of the rural communities to
improve their agricultural production was included in the
official agenda of irrigation.

The Ministry of Water Resources (SRH)

The second milestone was the establishment of the
Ministry of Water Resources (SRH), in 1946, given the
recognition for the need of an integrated water resources
management and also to the work done by the CNI. In
1947, the Commissions for the Papaloapan and
Tepalcatepec river basins were established for the integral
development of these regions.

Table A-1
Evolution of Water Management Institutions in Mexico

Institution Year of Legal mandate Planning scope
establish-

ment

National Irrigation Commission, CNI 1926 Constitution (1917) Irrigation Project
(Within Ministry of Agriculture and Law (1926)
Development)

Ministry of Water Resources, SRH 1946 National Property Water River basin
Law (1934)

Ministry of Water Resources, SRH 1970 Federal Water Law (1971) National Water Plan 1975

Ministry of Agriculture and Water 1977 Federal Water Law (1971) National Water Plan 1981
Resources, SARH

National Water Commission, NWC 1989 National Water Law National Hydraulic Program
(Within SARH) (1992) 1989-1994

National Water Commission, NWC 1995 National Water Law National Hydraulic Program
(Within Ministry of Environment, (1992) 1995-2000
Natural Resources and Fishing)

National Water Commission, NWC 2000 National Water Law National Hydraulic Program
(Within Ministry of Environment and (1992) 2001-2006
Natural Resources)

National Water Commission, NWC 2004 Reform to National Water National Hydraulic Program
(Within Ministry of Environment and Law (2004) 2001-2006 (With a degree
Natural Resources) of decentralization)
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At the end of the 1950’s and 60’s, the rehabilitation and
consolidation projects in the irrigation districts were started.
A very important feature of these projects was the
construction of drainage works, mainly surface drainage to
control problems of salinity. In some districts, wells to
provide supplementary water and vertical drainage to
control water tables were undertaken.

In 1972, SRH was able to propose the Federal Water
Law to regulate its interventions in the different sectors. In
1975, with the formulation and institutionalization of the
National Water Plan, for the first time, the country had a
systematic analysis of the water availability, uses, and water
balances for the following 25 years. Water policies were
defined and programs formulated to reach the goals and
targets discussed at the political instances. Drainage and
flood control in the tropical areas was given a strong
recognition and steps were taken to implement this policy.

Ministry of Agriculture and Water Resources (SARH)

In 1977, the concept of integrated water resources
management was abandoned and the water sector was
managed in different offices responsible for each water
use. Irrigation and drainage programs were implemented
in the agricultural sector without an integrated approach.
The impact was adversely felt by the society. As a result in
1983 some hydraulic functions dispersed in the agricultural
sector were reintegrated under Ministry for Hydraulic
Infrastructure. A very sensitive issue was the sustainability
of the irrigation works. Prior to this change, SRH was
responsible for collecting the fees from the users to fully
cover the operational and maintenance cost. In the new
organization of SARH, the irrigation districts were absorbed
in rural development districts with larger areas under their
jurisdiction and with other agricultural and rural functions
to be executed. The money collected through water fees
was not enough to cover all the expenses. The government
was not capable for providing the necessary funds because
of the economic crises, and as a result the hydraulic
infrastructure deteriorated. This situation was so severe that
in the political campaign of 1988, irrigation problems
ranked the first issue in terms of complaints presented by
the farmers.

The National Water Commission (NWC)

In 1989, the problems of operation in the irrigation
districts and the need to improve the water supply and
sanitation gave way to the creation of the National Water
Commission (NWC), the third milestone in Mexican
hydraulic history, to integrate a new model for water

management in Mexico, very close to the modernization
efforts in the country. In 1992 all the political parties in
Congress approved unanimously the National Water Law,
which had immediate application.

In 1995, the NWC was relocated from the Ministry of
Agriculture and Water Resources to the newly created
Ministry of Environment, Natural Resources and Fishing,
given recognition to the Rio de Janeiro Conference, and
the role of government as guardian of the environment.
This strengthened the importance of the environment in
the water policy.

Present Water Policy

In 2000, the new administration declared the
importance of water with a vision for “A nation with security
in the provision of water for its development, using it in an
efficient way. A society which recognizes the strategic and
economic value of water protects its water bodies and
preserves the environment for the future generations”.

New scenarios have been developed for the next 25
years. The first scenario, considers that the actual yearly
investment in the sector will remain the same as in year
2000, roughly around US $900 million dollars. The
sustainable scenario could be achieved if the budget could
be increased to US $ 2,200 million dollars per year. The
principal source of the investment will be the water and
discharge fees paid by the users.

In order to move in that direction the present
administration has committed to:

❍ Increase the water use efficiency in irrigation to
supply the needs of other uses,

❍ Expand the water supply and sanitation services, and
improve its quality,

❍ Apply the integrated water resources management
in all the basins and aquifers,

❍ Promote the technical, administrative, and financial
development of the water sector,

❍ Consolidate the participation of users and the
organized society in the water management, and
promote the water culture for its rational use, and

❍ Reduce the effects of floods and droughts, and
mitigate its consequences.

It is still very early to evaluate the results of this policy.
The standards and goals proposed in the present
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administration and the expectations of society are very
high in comparison with the results obtained in the 1989-
1994 period:

❑ Law and Regulations

❑ Integrated Hydraulic Program

❑ Financial self sufficiency through the collection of
water fees

❑ Application of investment criteria in each sub sector

❑ Basin councils

❑ New hydraulic works: 15 million new inhabitants
with water supply and 13 million of inhabitants with
sewage services

❑ Transfer of the Irrigation Districts to Water Users
Associations

❑ Public Registry of Water Rights

The initial steps of the present administration were
marked by severe problems like -  lack of financial
resources; conflicts between the states of Guanajuato and
Jalisco for scarce water in the Lerma basin and the lowest
level of water in Chapala lake, the largest internal water
body in the country; several years of below the average
rain fall, responsible in part, for one of the lowest water
storage in the history; conflicts with the United States of
America in the Rio Grande/Bravo River basin for the
interpretation of the International Water Distribution
Treaty signed by the two countries in 1944.

In addition to these conditions, the States are asking for
a more important role in the water administration for their
constituencies. Farmers want more subsidies and full
recognition to their water rights and concessions, and
positive actions to improve their productivity to compete
in the external markets. The private sector wants more
participation in the provision of public water services to
the cities, with legal power to adjust fees in order to reduce
the risk in their investments and political will to maintain
its participation with a high financial profitability. The
tributary sector wants to increase the revenues from the
water charges and water rights to make the sector self-
sustainable in financial terms. Industry wants water at cheap
rates and some facilities to postpone the compliance of the
environmental regulations. Some cities and municipalities
want to transfer the water problems to the federation for
the construction and rehabilitation of infrastructure, but
conserve the collection of water charges to support other
demands in their communities.

The irrigation and drainage sector is facing three big
challenges: need for a more efficient use of water, reduction
of pollution and salinity, and control of the over
exploitation of some aquifers (104 of a total of 653, where
60% of the withdrawals are for irrigation). This is the
scenario Mexico is now facing. The present administration
is preparing a second phase of the Irrigation and Drainage
Program to tackle these obstacles. The financial panorama
is also complicated because of the loss of self-sufficiency
in the water charges to cover the normal operation and
maintenance costs, and the budgetary constraints the
government is facing.

2.  Present Institutional Arrangements

The present institutional structure for the water sector
has its foundation in the Constitution of 1917. It recognizes
the nation as originally owner of all the water within its
territory with few exceptions and authorizes the federal
government to administer these resources and grant
concessions for water use (Article 27 of the Constitution).
Municipal governments, with the assistance of state
governments, are responsible for municipal water supply
and sewage systems (Article 115, amended in 1983). From
the next amendment of constitutional Article 115 in 1999,
municipal governments alone are responsible for a) Potable
water, b) Drainage, c) Sewage, d) Residual Water Treatment,
and e) Disposition of Residual Waters and Muds.

The National Water Law of 1992 has incorporated the
new trend in water management. The law defined the
National Water Commission as the “only federal water
authority in the country”.

The regulatory instruments defined by the law are:

❒ Implementation of water resources planning as the
basis for management within river basins,

❒ Reiteration of the constitutional principle that water
can be exploited by individuals or legal associations
only by means of a concession granted by the
Executive Power; in the majority of the cases this
power is delegated to the NWC, and a few cases,
notably the water use rights accessory to ejidos and
presidential decrees and resolutions, remain under
the direct control of the president,

❒ Power to NWC in the national interest to prevent
ground water overdraft, restore ecosystems, preserve
water quality, and take actions in case of severe
drought or floods,
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❒ Water pollution prevention and control. All users
who dispose of wastewater must have a permit and
inform NWC the way they will comply with the
standards,

❒ Users who do not pay the charges for water extraction
or wastewater permits are subject to cancellation of
their concessions and permits,

❒ Transmission of water rights from one sector or basin
to another are subject to NWC authorization, and

❒ Users have the right to appeal and use administrative
procedures before resorting to jurisdictional courts.

The following economic instruments are also integrated
in the law:

❍ User obligation to pay the charges regarding water
extraction, wastewater disposal, use of federal zones,
and use of materials from the river beds.
Concessionaires of hydraulic infrastructure must pay
certain charges, and

❍ Transmissibility of water rights in order to promote
an economically efficient water reallocation (even
though that market is regulated in the type of
transactions, not in the prices they amount).

The following participatory instruments are defined in
the water law:

❐ Establishment of river basin councils, as
coordination and agreement organisms of federal,
state and municipal authorities, as well as water users
and other stakeholders. Their main task is to
participate in the planning and development of
water resources, as well as in management particularly
to cope with scarcity and pollution problems,

❐ Establishment of water users associations, mainly for
transferring them the formerly government-run
irrigation districts and allowing the participation of
private firms in the construction and operation of
the municipal-responsibility water supply utilities,
and

❐ Promotion of private sector participation in the
design, construction, financing and O&M of
hydraulic infrastructure and public services.

The 1992 law calls for an integrated approach to both
water quantity and water quality of surface and ground
water, within river basins, which are considered to be the
ideal geographical units for planning, development and

management of water resources. The 13 regional agencies
have been organized broadly along river basins boundaries
and have a similar but more reduced structure than that of
the national organization.

The National Water Law defines in articles 76 and 77
the government interventions in the drainage units.
Establish the publication of the agreements for the creation
of the drainage units and its publication in the Official
Federation Newspaper. In the publication, the rights and
obligations of the users are defined, the area covered, and
the description of the works is specified. It allows the
formation of drainage associations as civil societies. The
government is to provide technical assistance to the
drainage associations to perform their duties and to grant
concessions for water use and hydraulic infrastructure use
to these organizations.

The National Water Commission has full responsibility
of the water sector in the country. Its main functions are to:

❑ Exercise the powers vested in the Water Law, except
those reserved to the President of the Republic,

❑ Formulate, revise and oversee the National Water
Program,

❑ Define the criteria and guidelines that provide unity
and consistency in the actions of the Federal
Government regarding national waters, and ensure
and monitor consistency between the respective
programs and allocation of resources for their
implementation,

❑ Promote and support the development of the water
supply, sewage and sanitation programs; water
treatment and reuse; and irrigation, drainage and
flood control. As appropriate, the NWC can contract
or to grant in concession this functions to third parties
at its convenience,

❑ Manage and safeguard the national water resources
and assets, and preserve and control their quality, as
well as managing the water in accordance with this
principle,

❑ Program, study, construct, operate and maintain
federal water control structures, directly or through
contracts and concessions with third parties, and
carry out actions for the full development of water
resources and the conservation of its quality,

❑ Issue licenses for the concessions, grants and permits
for water use and discharge, recognize rights and
maintain a Public Registry of Water Rights,
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❑ Mediate and, if necessary, serve at the request of
users as arbiter in resolving conflicts related to water,

❑ Promote the efficient use of water and its
conservation in all phases of the hydrological cycle,
and promote public awareness that water is a vital
and scarce resource,

❑ Exercise the fiscal powers vested as regards the
administration, settlement, collection, taxation and
inspection of contributions and fees allocated to it
or in the cases provided for the Federal Taxation
Law,

❑ Promote and, if appropriate, carry out scientific
research and development related to water and the
training of human resources,

❑ Issue water standards in accordance with the Federal
Measures and Standards Act,

❑ Supervise the compliance with and the
implementation of the Federal Water Law, its
interpretation for administrative effects, and apply
sanctions and exercise the acts of authority in these
matters, and

❑ Act with technical and administrative autonomy in
managing resources allocated to the NWC and its
assets, as well as management autonomy for the
complete fulfillment of its mission and the
objectives and goals indicated in its programs and
budget.

In order to fulfill its obligations regarding water rights
administration, the NWC carries out the following
activities:

❍ Granting, modification and cancellation of
concessions for the use of national waters and federal
zones, and the extraction of materials from river beds,

❍ Granting, modification and cancellation of
wastewater disposal permits,

❍ Operation of the Public Registry of Water Rights,

❍ Monitoring of water extraction and wastewater
disposal,

❍ Determination of sanctions,

❍ Detection of illegal users,

❍ Monitoring of payment of water rights and the
submission of reports to fiscal authorities,

❍ Conciliation and arbitration of disputes between
water users, and

❍ Updating the water users databases.

The Integrated Water Resources Management (IWRM)
is applied in the general planning of the basins by the
NWC regional offices that are now responsible for
developing the projects, integrating the proposals for the
investments and supporting the state and local governments
to operate the water supply and sanitation programs.

Irrigation and Drainage falls into the responsibility of
the Sub-Directorate of Operation were specific offices have
been created to supervise the operations in the Irrigation
Districts and Units and in the Drainage Units. There is a
considerable difference between the budget and personal
assignments in both offices. Irrigation has 2,500 employees
and drainage 100. The authorized budget for the irrigation
systems is US $100 million and for the drainage units US
$10 million.

The organization of the NWC for irrigation and
drainage is a pyramidal structure starting at the district
scope, passing at the regional, basin or group of basins scale
and finally integrates at the National stage. At the district
scope, in the case of the irrigation districts the offices are
responsible for the operation of the dams and main
structures. This office provides the volumetric delivery of
water to the users associations. They supervise the operation
and maintenance programs carried out by the users, keep
the monitoring of water tables and water quality and
provide the technical assistance for irrigation and drainage
projects at the farm scale.

In the case of the drainage units, the district offices help
the farmers associations with the planning of the
maintenance program and the supervision of the works,
and control the technical assistance activities provided by
private firms contracted by the NWC. These firms, called
Technical Cooperation Units (UCT), were formed from
the extension agents whom used to work for the Program of
Integrated Rural Development in the Tropical Region of
Mexico, PRODERITH. They help the farmers associations
in organizing assemblies, give accounting support, and keep
the record of users and agricultural training courses to the
farmers. ■
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1.  Water Users Associations (WUAs)

After merging the Ministry of Hydraulic Resources into
Agriculture, and the disruption of the system for the
operation and maintenance of the Irrigation Districts,
together with the financial and economic crises and the
integration of Mexico to the global economy, the efficiency
in water use decreased mainly due to the differed
maintenance, as the self-sufficiency in the operation and
maintenance costs of the districts changed from 90% in
1965 to 33% in 1995.

The basic idea of the Irrigation Districts transfer was
prompted by three factors:

❍ Demand of transparency in technical decisions
and efficiency in fees application: The number of
complaints presented by the users rated the highest
in the political campaigns of 1988. The problems in
the irrigation service were affecting the productivity
and specially the income of the farmers. At the same
time, financial resources and budget allocation to
the districts were being reduced. Partly because of
the economic crisis, but also because the belief that
farmers in the irrigation districts were privileged
compared to farmers in rain-fed areas. On the other
hand it was difficult to raise water fees in the existing
environment. Water fees on average represent less
than 5% of the total costs of crop production and
the production ratio of irrigated areas over rain-fed
areas is as large as three. This clearly showed the
importance of irrigation and particularly of a good
irrigation service. The farmers wanted transparency
and accountability of their money in their district
and supervision of the quality of the service and
maintenance works. They did not accept to pay fees
to the government without having more control in
the whole process. From the socio-economic studies
conducted before the transferring process was
authorized, it was revealed that an important source
of discomfort was the relation with the channel
operators. The user’s wanted to get rid of them or at
least control and supervise them under the premise
of “direct payment and direct orders”.

ANNEXURE 6

WATER AND DRAINAGE USERS ASSOCIATIONS

❍ The importance of user’s participation in
development and management of water: This
exercise was fostered by the fact that the user’s
associations had the experience of directly managing
the operation of the system at the lateral channel
coverage with good results. In this case the farmers
collected fees, had their offices and paid the channel
operators. It was accepted that a better service requires
good collection of fees and supervision of the
channel operators. In the same ground, the
PRODERITH experience had given coherence and
direction in the complex process of integrated rural
development implemented by the government with
the participation of the farmers.

❍ Institutional pride, responsibility and technical
capability in the NWC: Most of the people in the
NWC had made a career as public servants. The
personnel coming from SRH appreciated the
irrigation districts and, of course, esteemed their own
degree of control in regional affairs. When the
transfer program started and they knew it was for
real, they accepted and collaborated for its success.
In each district the Head was responsible for the
success of the program. Because of the importance
of this process, the NWC changed the emphasis in
incorporating new irrigation areas, in order to
modernize the existing ones in support of the transfer
process. The relation with the trade-union was
managed successfully and the early retirement
program was created and helped reduce the
redundant personnel. The districts had to recalculate
the self-sufficiency water fees in detail with the users
and agreed to enforce them. Instructions for the
operation and maintenance of the irrigation and
drainage works were written. Training for the new
Office Bearers and technical personnel was
performed. Parallel operation was authorized for
several districts, to conduct ‘on the job training’ for
the new administration. The direct collection of the
water charges by the User’s Associations was
organized in preparation for the change of
administration.
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Books, thesis and studies have been written to present
the experience of the transfer process of the irrigation
districts. People coming from Pakistan, Turkey, China, India,
IWMI, Wageningen, etc, have tried to understand and learn
from this process. The success in implementing the water
reform in Mexico and especially the irrigation management
transfer was a key factor for shaping the neo-liberal policies
later applied in the rest of the economy. The process, which
proved successful for the irrigation districts later, was applied
to the drainage units and in the technological rain-fed
districts.

The process was highly participatory sometimes
requiring hundreds of meetings in the different
communities, with local leaders and officials of the State
Governments. The principal objective was to improve the
irrigation service, through a direct participation of the users
in the administration, operation and maintenance of the
infrastructure. A condition for the transfer was to achieve
full self-sufficiency in the operation and maintenance cost
of the infrastructure to improve the irrigation service. The
differed maintenance was taken care in parallel between
the government and the users, so the process could be started
once the users accept it. Delegates elected the Office Bearers
of the associations from the communities. The Office
Bearers were farmers living in the district, recognized for
their personal and moral reputation and capacity to
represent the interest of the users. The process was an
important step in bringing democracy to the irrigation
community.

The process started from a rapid appraisal of the district,
followed by a socio-economic analysis of the drivers and
constraints for the transfer. In some cases, a full rehabilitation
study was commissioned to better understand the operation
of the system in the present conditions and when some
major works were needed. Once authorized, the personnel
of the districts conducted meetings in the communities to
promote the transfer process including an inventory of the
infrastructure and its actual condition. In the larger 20
districts aerial photograph were prepared and digital maps
were produced. This information was later used for the
land title program introduced by the government.
According to the hydraulic conditions in the district, the
organization of Water Users Associations took place.
Approximately an area of 10,000 ha was considered
appropriate from the point of view of the economic
viability of the WUAs.

The Associations received legal status by a public notary
according to the civil code of each State. To achieve this

objective several legal private companies were contracted.
Once the process of election of Office Bearers was
concluded, several meetings were organized to reach
agreements for the culmination and signing of the
concessions. In many cases, the President himself delivered
the concession titles. In parallel, the district authorities
started the process of handing over the infrastructure, the
irrigation facilities, and the machinery to the Water Users
Associations. A temporarily process of operation, usually
one agricultural cycle, was  jointly managed for the training
of the new administration.

Each WUA was integrated by a General Assembly
comprising all the users in the command area, an Executive
Board integrated by the elected president, the treasurer,
and the secretary, and an elected Oversight Committee
formed by a president and three members. Each WUA hired
a General Manager and a small group of engineers
responsible for the operations, maintenance, administration,
collection of water fees and channel operators. Usually the
channel operators were young people trained in the local
agriculture schools.

The WUA incorporated in 11 districts as Societies for
the operation and maintenance of the main irrigation
channels, principal structures, and collector drains. The
Societies and the WUAs with the Chief District Engineer
formed the Hydraulic Committee at the District level. This
Committee is responsible for preparing the irrigation plan
for the agricultural year, analyzing the maintenance and
operation program, and the computation of the water fees.

The responsibilities of the WUA’s are:

❐ To manage the hydro-agricultural infrastructure
transferred by the concession title in accordance with
the National Water Law and the regulations,

❐ Formulate the irrigation program for each
agricultural cycle and present it to the NWC for
approval,

❐ Receive the bulk water delivered by the NWC or
the Society and distribute it to the users, employing
the existing metering structures, with the technical
assistance from the NWC,

❐ Provide an efficient irrigation service to all users in
respect of flow, volume, and time demanded by users,
according to the irrigation program approved by the
NWC,

❐ Supervise the efficient use of water by the farmers
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and apply the corresponding sanctions approved by
the Hydraulic Committee,

❐ Update the official water users’ list, and provide the
information to the NWC to update the Public
Registry of Water Rights,

❐ Ensure the provision of the irrigation service changes
derived from water market transactions allowed by
the National Water Law and that do not require the
NWC approval, as well as those that do require the
NWC approval,

❐ Present all the relevant information required by the
NWC regarding the existing legal regulations, and

❐ Participate in the Hydraulic Committee of the
Irrigation District.

The National Water Commission, through its Irrigation
Districts has the following obligations:

❑ Define and communicate to each WUA the water
volume authorized for extraction in every
agricultural year,

❑ Deliver the programmed volumes at the check points
agreed with the WUA or the Society,

❑ Supervise the water distribution by the WUA to the
users in an efficient and timely manner, in precise
corresponding to each individual user water rights
or, if drought conditions are present, in the equitable
fashion decided by the Irrigation District Hydraulic
Committee,

❑ Supervise the application of the regulations of the
District, and the one derived from the water law and
its regulations in terms of quality and quantity of
water,

❑ Keep the record of the water users and its integration
in the Public Registry of Water Rights, and

❑ Participate as Secretary in the Hydraulic Committee
of the Irrigation District.

In 1994, the WUA’s decided to form the National
Association of Water Users (ANUR). This organization
has participated in the promotion of the transfer process, in
negotiations with the federal government for the

implementation of the modernization programs and
provides training to the engineers, Office Bearers, and
administrators of the WUA’s. For this purpose the National
Center of Irrigation and Drainage in the Carrizo Valley
Irrigation District was transferred to ANUR.

2.  Drainage Users Associations

The organization of the institutional system is headed
at the NWC where an Office of Technological Rain-fed
Districts is responsible for the planning, conservation,
monitoring, and technical support of the projects. Each
project is managed at the Regional scale within a specific
office called Technological Rain-fed District. In each
district two or three engineers apart from the Chief District
Engineer, provide the support for the conservation and
technical activities in the projects and the supervision of
the firms contracted by the NWC. The district provides
a) the technical assistance to the user’s associations,
b) accounting and managerial support to the associations,
c) providing the NWC with information regarding the
evaluation of the maintenance of the infrastructure
activities, and d) preparing the legal documents for the
transfer process and elections in the association.

An “Official Agreement” from the General Director of
the NWC has legally formed each District. The
“Agreement”, defines the limits of the district, authorizes
the formation of the Associations and their rights and
responsibilities related to the Water Law. No new
investments can be made if the project area is not legally
formed and the implementation plan approved by the
Ministry of Treasury from the Federal Government.

Three basic facts have occurred since the inception of
PRODERITH. First, the responsibility of NWC has been
limited mainly to the construction, rehabilitation,
operation and conservation of the infrastructure, reducing
the leading role performed in the past for integrated rural
development. Second, following the transfer process of
the Irrigation Districts to User’s Associations for the
conservation of the infrastructure, drainage user’s
associations have been formed, heavy equipments have
been bought and transferred to these associations and a
system of fee collection has been developed to provide
funds to perform this role. Third, to some extent the State
and Municipal Governments are playing a more active
role in terms of the agricultural development of the projects,
very much in relation with the decentralization process of
the agricultural sector from the federal government to the
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state governments. For instance the Agricultural Alliance
Program has been implemented under the responsibility of
the State Governments.

The NWC has contracted private companies to
provided technical assistance for the user’s associations to
fulfill their obligations in the conservation of the
infrastructure and impart training to the producers. These
companies are known has UCT (Technical Coordination
Units) and incorporated former PRODERITH personnel.

The UCT supports the ‘Administrative Units’ of the User’s
Associations for the monthly meetings, the change of the
administration every three years, and supervise the
accounting system of the associations and the updating of
the user’s register and the production related  statistics of
the drainage unit. They also organize and provide training
to the farmers and make the coordination arrangements
with the local authorities and other agencies to support the
demands of the farmers. ■
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1.  Water Market

The Mexican National Water Law of 1992 and its reform
of 2004 present the trading of water rights as a useful and
economically efficient alternative for the improvement of
water reallocation. The rationale is that as water availability
for granting concessions diminishes in relation to demand
markets, it would become not only an efficient alternative
in economical terms, but also a necessary solution to
problems of water scarcity. Water would be reallocated on
a highest-bit basis. The newest legislation allows for the
transfer of water use rights, subject to administrative
authorization from the National Water Commission, if those
transfers affect the rights of third parties, the environment
or the regime of water resources. If the transfer does not
change the conditions of the original title or existing
regional agreements or regulations, water rights may be
transferred by request to the National Water Commission
and, if approved, it has to be registered in the Public Registry
of Water Rights.

Thus, the market-driven demands of water transfers are
limited by regional regulations established by the National
Water Commission when it requires certain coordination.
For instance, for hydrologically or internationally trans-
boundary basins, the regional offices of the National Water
Commission will be the Coordinators. No specific
coordination is required in case of the transfers within a
single river basin or aquifer. Some examples of the national
regulations are:  a) Water rights for municipal uses, once
granted by whatever means, cannot be traded again under
any circumstances, b) Water transmissions cannot be
temporal unless they are transferred to the National Water
Commission for coping with droughts, but otherwise all of
them have to be definitive, c) Water rights are divisible, so
transfers can be for the total or partial volume, and d)
Water rights and land property are separable, which implies
that water rights can be transferred independent from the
land sale.

The national legislation that defines water rights
specifically prevents - a) the right to manage, so
concessionaires cannot decide who else may use the volume
to which they are entitled to, b) the right to the income,
which means that concessionaires cannot rent their water

rights and obtain an economic gain for allowing someone
else to use their right to use water, c) the absence of term,
since concessions are granted for a maximum of 30 years,
even though they can be renewed under certain conditions,
and d) the exclusive right, so that concessionaires cannot
avoid paying environmental services related to forest
conservation when so decided by the National Forestry
Commission, an office of the Ministry of the Environment
and Natural Resources.

Even more, the newest legislation makes a clear
distinction between water rights for . Water assignments
are only for municipal uses and are not transferable under
any circumstances, and water concessions are for any other
use and, in consequence, they are the only water rights that
might be available for transfer. However, since the
application of the 1917 Constitution, land dowries have
been granted to peasants along with accessory water dowries,
and 44% of the national territory is under ejidal property
all of them having water dowries that might also be
available for transfer due to the 1993 reform to the Agrarian
Law.

In theory, one appreciates as how market forces would
help in better reallocating water rights, but in practice,
shortcomings of such arrangement have been found even
in more advanced societies in the free market rationale.
For instance, water markets are supposed to be an important
feature of the legal system in the western states of the United
States of America, where reallocation of water rights may
be “with the possible exception of water quality... the most
pressing matter facing the arid west”. However, for a
reallocation to be legally valid some requirements must be
fulfilled: a) Water must have been beneficially used, and
must continue to be beneficially used after the reallocation,
b) Such reallocation must not affect other users and must
be in the public interest, c) In many jurisdictions, inter-
basin transfers or transfer outside the area-of-origin can
only take place with due consideration to local interests,
and d) In some jurisdictions, water use rights accessory to
the land property statutes prevent water reallocation.

In Mexico the water rights market has been operational
since December 1, 1992. Since then till November 30,
2000 only 688 titles out of the total 337,394 granted

ANNEXURE 7

WATER MARKETS AND COST RECOVERY
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concessions were transferred. The volume transferred in
that period amounted 370 Mm3, which is a very small figure
compared with the volume of concessions that amount to
76,400 Mm3 (which needs an extraction of 91,900 Mm3/
yr to cope with the infiltrated and evapo-transpired volume
that returns to the hydrological cycle during the conveyance
without being of beneficial use to any human being but do
to the environment and instream ecosystems). By September
30, 2005, the water rights transfers were increased to a total
of 4,430 traded concessions (with the volume involved
still unknown to the public). In these water rights
transactions, the right to use water are transferred together
with the climatic variability (the buyer cannot claim to
have bought, for instance, 10 Mm3/yr and that at the
following year the annual authorized volume could be
only 6 Mm3 because of a dry year and the natural stream
flow conditions require an equitable apportionment among
all concessionaires in a given river basin). On the contrary,
in a water rent setting, if he buys 10 Mm3, he has to receive
10 Mm3, even though he has no assurance that the same
volume will be rented again to him in the following year,
not even 6 Mm3 or 4 Mm3.

Thus the marketing of water rights is a complex process,
which is affected and influenced by several factors,
including: a) The priority of the transacted right (in Mexico
the annual allocation for municipal uses has a factual
priority over annual allocations related to agricultural
concessions), b) The profile of the parties (in Mexico the
assignments for municipal uses cannot be traded), c)
Geographic flexibility, d) Size and price of the transaction,
e) Reliability of the marketed water right, f) Buyer
characteristics, g) Volume of water transferred, h) Changes
in regional economies, i) System for water administration,
j) Availability of infrastructure to effect a change, and k)
Environmental impacts, among the most important ones.

Thus, despite the legal purpose of transferring water
rights towards municipal assignees, from December 1, 1992
to November 30, 2000, 95.1% of the ground water transfers
of water rights were from agricultural use to agricultural
use, and only 1.04% changed to municipal use and 3.13%
to self-supplied industrial use (industries do not use
municipal networks of potable water, although many
industries and tourist enterprises are established in urban
areas).

The conflicts over water transfers occur as large
metropolitan areas look for the water supplies of rural areas.
The public values at stake include the economic
development of urban areas, culture, way of life,

environment, and the future of rural communities built
around agricultural uses. It is evident that the water market
oriented approach is incapable of solving this conflict in
an equitable manner. Hence the regulatory approval for
water transfers and markets was imposed. The result of the
complexities of water marketing is that the activity has
been subjected to regulations in the interest of third parties
and the public.

Even more, it seems that regulations might include in
the future: a) Public notice of the intent to transfer, with
the possibility of filing protests granted to either any
interested person or only to holders of water rights, b) Proof
of beneficial use for the seller and buyer, c) Limitation of
transferable entitlement to historic consumptive use, d)
Requirement that transfer does not injure other
concessionaires who have a right to the substantial
maintenance of the stream conditions existing at the time
of the granting of their concessions; damage might result
from changes in volumes, timing, storage, means of
diversion, quality, deprivation of return flows, point of
diversion, or a combination thereof, and e) Compensation
and payment of expenses due to  damage to water resources.

In addition to the above mentioned regulatory examples,
there are also considerations of public interest that apply
to the review of applications to transfer water rights. They
apply to the review of public value externalities. They
include: a) Effects of the economic activity resulting from
the application, b) Effects on income redistribution due to
the change in water use, c) Effects on fish and recreational
resources and on landscape architecture, d) Effects on
public health, e) Opportunity cost of the use, f) Negative
effects on other persons, g) Intent and ability to use, h)
Effects on access to public and navigable waters, i) Needs
for water conservation, and j) Factors of local relevance.
Accordingly, a reallocation would not be allowed if it
results in the violation of minimum health, environmental,
or safety standards. Nevertheless, water buyers seem to be
interested in accommodating the public interest concerns
by offering mitigating actions in order to obtain a
reallocation.

Additional considerations may include the assessment
of the impacts that a transfer may have on the environment,
and the tax base or the local economy of the area of origin
of the water right to be transferred. It seems that requirements
of effective and beneficial use of waters might encourage
water transfers, at least in arid lands, and that the existence
of subsidies to specific activities could prevent water
transfers, at least in humid lands.
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One of the most important tools is the existence of a
system of water rights, administered by the Federal
Government through the National Water Commission or
by one of its regional offices. In Mexico the water rights
system differentiates between water assignments for
municipal uses, which are not tradable, and water
concessions for all other uses, which are expected to be
economically more efficient than urban assignments if they
are not to be urged by water use rights markets. The
characteristics of water use rights enactment in Mexico are
given in Annexure 8.

2.  Costs Recovery

Water charging still poses a challenging problem of
defining the price that reflects the economic value of water.
Water has a relatively low economic value at the margin.
While the value of the first unit of water to be used may be
very high, the willingness to pay for additional units may
be quite low. Additionally, the Mexican water market is a
thin market, with a relatively low number of transactions
performed in it. Moreover, the water market is not a classical
market in the sense of having quick and clear agreements,
anonymity, instant exchange, comprising the full costs of
transactions, and no further dealings among the parties.

Many municipal water systems charge for the cost of
administering water supply. Irrigation districts, units and
zones charge for irrigation services. The National Forestry
Commission promotes municipal water systems charges in
order to protect and recover forests when they are
environmentally deteriorated.

However, determining charges for the water itself has
not been properly addressed. Since the National Water
Law of 1992, there are charges for the exploitation and use
of surface and ground waters. Payments are also established
for discharges into national water bodies. Water prices and
values are established according to regional water
availability. The goals of the system are to: a) Relate water
charges to benefits resulting from services and water works,
b) Integrate the financial system within an overall strategy
for water resources management, including the solution of
structural problems, c) Promote rational water use and
conservation, d) Adjust water price to cost, and e)
Strengthen the National Water Commission, which collects
and manages water related revenues.

The system intends to charge according to the
opportunity cost of water, allowing adjustments according
to regional conditions, and taking into consideration the
social and political situation of different groups of users.
As such, the water charge is a main financing source for the
activities and investments of the National Water
Commission. In 2004 water charges amounted 65% of the
total National Water Commission budget, being the
remaining 34% from complementary fiscal resources and
1% from foreign loans. The total budget authorized to the
National Water Commission by Congress in that year was
US $1,136 million (in current dollar value); 44% of that
amount was for investments, 30% for operating expenses,
and 26% for personnel wages and services. ■
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ANNEXURE 8

WATER RIGHTS CHARACTERISTICS IN MEXICO

Attribute Conditions

1. Universality This is partially attained since all users and their rights to use water are incorporated into the
Public Registry of Water Rights, but not the water volume that is needed to divert, withdraw or
extract from the sources in order to deliver at the control point of every water user and its annual
authorized volume. There is a public inventory of all national waters, with the exception of the
very small but uncertainly known volume of private waters. Even though it is disaggregated by
river basin, it is not detailed enough to make decisions or file requests. Water legislation required
since 1992, precisely to overcome that unfitness, the publication of water availability for being
assigned or granted in concessions in every aquifer and river basin, reach by reach comprising all
tributaries. As per the ground water availability published information (2002), 202 aquifers out
of 653 were 66% extracted of the utilizable ground water and 79% of the annual recharge. No
river basin water availability has ever been published.

2. Judicial safety Private waters can only be expropriated by public utility causes and former appropriators have to
be indemnified. Since national waters are originally “owned” by the nation and the right to use
water is granted by the Federal Government, water dowries, assignments and concessions
cannot be expropriated because neither dowry holders, assignees nor concessionaires have ever
a liberal or full property right (except for a very small amount of waters which are private
property as long as they do not flow outside of a private land and, for the same reason, many
times they are not quantified or they are masked into the evapo-transpiration when water
balances are prepared). Assignments and water dowries are far safer than concessions. Since
diminishing assignments are forbidden by law, the rescue of water dowries by public utility causes
need a presidential decree and concessions can be rescued by the Federal Government if public
utility calls for. In all rescue of national waters there must be a compensation for the affect caused
to the water rights holder, and possibly also for the negative externalities caused to third parties.
There exist registers and procedures that assure the easy identification of the rights to use
national waters but not the private ones.

3. Absence of term Water dowries accessory to ejidal property land are granted for indefinite time and may extinguish
only if expropriated by public utility causes through a presidential decree or if the ejidal assembly
decides to transmit the community water use rights. Except for the imprescriptible condition,
water dowries act as water concessions. Water assignments and concessions are not granted for
perpetuity or for indefinite term. They have always a period of validity between 5 and 30 years,
and can be renewed for the same term and conditions of the standing title, if there is enough
water availability for the corresponding use after authorizing new water dowries or the extension
of existing ones, and renewing or granting new water assignments and concessions with a higher
order of preference. If the term, initial use or discharge conditions are to be changed, the water
user has to request a new assignment or concession.

4. Physical certainty All water dowries, assignments and concessions specify an average or maximum volume to
which holders are entitled to. The title stipulates that the water volume cannot be assured in
each and every year. During dry periods certain restrictions apply, and during wet periods water
rights holders may receive more water than their title states in order to achieve the average water
volume granted. There is no measure of reliability and risk, neither in the volume of annual
water allocations nor in the priority of supply. These concepts are not defined in the law or in its
by-laws, but the latter may be stipulated only for domestic and urban uses in the river basin
regulations. The rest of uses may be equitably apportioned or it might be defined in order of
preference for annual allocations in the same fashion than for granting concessions.

5. Administration The granting of rights to use national waters is an exclusive faculty of the Federal Executive
Power. The president himself or herself may grant water assignments and concessions through
decrees and water dowries appurtenant to ejidal lands. Since he or she is the maximum agrarian
authority, his or her definitive resolutions cannot be modified by ordinary laws. The National
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Water Commission can also grant assignments and concessions in the delegated cases foreseen
in the National Water Law. The Federal Executive Power has also the faculty to regulate surface
and ground waters by river basin, aquifer or any other hydrologic system or water source.
Existing water use rights may be limited by public utility considerations, or the granting of new
water use rights may be forbidden to avoid overdraft, or water reserves may be constituted for
future urban use. When private waters cross two or more private lands, but do not meet the
requisites to be national waters, they are declared as public utility and subject to the dispositions
dictated by the corresponding State Executive Power. Neither surface nor ground water regulation
of river basin, aquifer or any other hydrologic system or water source, has ever been published,
with the sole exception of irrigation district regulations. Many interdictions, relative and absolute,
for issuing new concessions in river basins and aquifers have been published and several water
reserves for future urban use have been declared and published.

6. Right to use All water dowry1  holders, assignees and concessionaires have the right to use, abiding by the
specific use they were granted and observing the particular conditions of discharge in return
flows for quantity and quality. The amount of water authorized by the National Water Commission
every year is a function of the water use rights, natural water availability, and regulations. In
normal years, water rights holders receive the volume stipulated in their titles. In dry years, they
receive less water, diminished in an equitable manner for all users of the same water source,
except for household and urban uses which usually are less restricted than the rest of uses. In case
of a river basin, aquifer, hydrologic system or water source regulation, according to the stipulations
is set forth in the by-law. In wet years, they may receive more water if their titles specify an
average volume. But, if titles specify a maximum volume or regulations, they will not receive
more water than the maximum they are entitled or regulated. For changing the use of water,
assignees and concessionaires, the previous authorization of the National Water Commission is
needed. Water dowries are for multiple uses in the majority of the cases, without specifying the
percentage authorized for each use.

7. Equity The endowment of water accessory to ejidal property land had preference over the assignment
and concession of water until 1993. However, nowadays, it has preference only in pending cases
that have not been resolved in a definitive manner. The granting of water assignments for
household and urban uses will always have preference over any other use. In the absence of river
basin, aquifer or other regional regulations for water extraction and use, interdictions for granting
new water dowries, assignments and concessions or declaration of water reserves for future urban
use, the river basin councils may propose the order of preference for granting concessions for the
approval of the National Water Commission. When two or more water use applicants request
the same water volume, the National Water Commission will grant the concession, even by
contest, to the user that best assures the rational use, reuse and restoration of water. The
equitable access to water use rights has been lately approached by the alternative of transferring
water dowries and concessions in a National Water Commission-regulated market, known as
Water Bank, where private intermediaries can participate.

8. Priority For determining the annual allocation of water volumes as a function of water use rights, natural
variability and water stress to each water dowry holder, assignee and concessionaire, there is no
enacted definition of priority for delivering the water, and the water use rights titles do not
specify any priority, either in the annually apportioned volume nor in the timing of delivery,
unless it is specified in a water regulation, interdiction or reserve. Nevertheless, the domestic and
urban water uses have a factual priority in the sense that they are not usually restricted, and if
they are, it is in a smaller percentage than other uses even during severe droughts. Formally,
there are neither senior nor junior water rights holders. The general juridical principle that “first
in time is first in right” is not applied in determining the annual allocation volume or in the
temporal distribution of waters to title holders, but it might apply in a law suit related to water
use rights renewals.

9. Right to manage There is no such a right. The water right holder may not decide who or how someone else may
use its annual authorized volume. If he, she or they rent(s) the volume allocated in a particular
year or execute(s) an unauthorized temporal transmission of water rights he, she or they may
loose his, her or their right to use water.

1 A water dowry is a water property right delivered to ejidatarios, “ejidatarios” are peasants who own collectively the land, the so-called
land dowry
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10. Right to the    income Since neither the water dowry holder, assignee nor concessionaire may rent or temporarily
transfer their water use rights in a private fashion, they cannot either have the right to the
usufruct enjoyment nor profit derived from allowing someone else to use their annual authorized
volume, except if they temporarily transfer their right to use water to the Federal Government
in order to mitigate severe drought conditions.

11. Exclusivity Neither water dowry holder assignees nor concessionaires have the exclusive right to the
benefits and costs derived from possessing water use rights. There are environmental externalities
for water use or consumption related to the forest conservation when so decided by the National
Forest Commission. Water assignees, in turn, can transfer the cost of environmental services to
the “consumers” or final domestic water users.

12. Divisibility This is partially granted to water dowry holders and concessionaires who can transfer permanently
part of their rights to use water, but not temporarily, except if they do it to the Federal Government
to face severe droughts. However, since assignees cannot trade their water rights, they have no
divisibility at all.

13. Separability Even though water dowries are still accessory to ejidal land property, since the reform to the
Agrarian Law of 1993, ejidal communities can transmit their water use rights independently
from the land, except for the required water to satisfy the inhabitant irrigation, livestock and
household needs for the piece of land selected and specified in the imprescriptible rights certificate,
if any. All concessions and land property are separate rights. Assignments, granted to municipal
governments, cannot be separated from the land where urban centers are settled, even though
a city may have several water assignments and many land owners that are not assignees.

14. Transmissibility Water dowry holders and concessionaires have the limited right to transmit in a permanent manner
the total or just a part of their water use rights to whom they want, if and only if the National Water
Commission, central or regional offices, authorizes such a transaction. The only case in which they
can temporarily transfer the total or just a part of their water use rights to the National Water
Commission in order to prevent the consequences of severe droughts. Assignees are forbidden to
transfer their water use rights under any circumstances. Water dowry holders and concessionaires can
bequeath their water use rights to their inheritors with the same term, use, discharge, and renewal
conditions. Water assignments are neither subject to inheritance nor legacy.

15. Residual character When the Federal Government requires to rescue water use rights from dowry holders and
concessionaires, it needs to demonstrate the public utility causes to proceed and compensate to
the water right holders in an appropriate, commercially appraising manner. Otherwise, the water
right holder can take the case to jurisdictional authorities who may issue a resolution that
restitutes the water rights entitled to the original holder, heir at law, or residuary legatee.

16. Jurisdiction There is no concurrence in the jurisdictional faculties of water authorities. All national waters
and the private waters subject to regulation, interdiction or reserve are under the jurisdiction of
the Federal Executive Power. There are no state waters, but the private waters that cross two or
more private lands and that are not subject to regulation, interdiction or reserve are under the
jurisdiction of the corresponding State Executive Power. The private waters that do not flow
outside of a private land and that are not subject to regulation, interdiction or reserve are under
the domain of the landowner, as long as he is a recognized appropriator. There are no municipal
waters but their governments are responsible for providing the public services of potable water,
drainage, sewage, water treatment, and disposition of the residual waters generated within the
municipal territory. The National Water Commission can conciliate and arbitrate between
water rights holders in an administrative matter. But in case of an irreconcilable conflict an
agrarian tribunal is competent to know water dowries disputes, federal tribunals are competent
to know water assignees and concessionaires disputes. Civil tribunals are competent to know
disputes in the public service of potable water. The National Water Commission is competent to
impose administrative sanctions when water use rights holders do not comply with the dispositions
set forth in the water dowry, assignment and concession titles. The Ministry of the Treasury is
competent to apply sanctions to water dowry holders, assignees and concessionaires that do not
pay the corresponding rights for using national waters and discharging untreated residual waters
into national water bodies. The General Proctorship of the Republic is competent to prosecute
water dowry holders, assignees, concessionaires, and any citizen, inhabitant or tourist that
infringe criminal laws in relation to national waters and hydraulic infrastructure.
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