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9.1 Introduction’

According to Water Statistics in Mexico (CONAGUA,
2008), 77 per cent of water is used for agricultural
purposes although distribution across Mexico is poor.
But knowledge of the spatial and time distribution of
water used for irrigation purposes in Mexico is inade-
quate. Measurement of underground and surface wa-
ter extraction for agricultural use is deficient at best,
non-existent in most cases. The most trustworthy
measurements are taken from irrigation districts, but
the figures for water withdrawals in small irrigation
units are unknown; estimates are taken from unrelia-
ble reports of irrigated surfaces reported by SA-
GARPA.?> Because of the lack of measurement sys-
tems, groundwater extraction is estimated, often
using questionable calculations.

The postgraduate College of Agricultural Science
(COLPOS) has undertaken various research projects
for the National Water Commission (CONAGUA) to
estimate water use for irrigation across the country
through various methods including the use of satellite
images, electricity bills for pumping, sampling in irri-
gation areas, and volume measurements in different
states throughout the country. This chapter summa-
rizes some of the values obtained and the methodolo-
gies used for surface and groundwater measurements
in each state.

Among the most important studies by COLPOS is
one which estimates groundwater volumes used for ir-
rigation in the aquifers of the Coast of Hermosillo
and Janos, undertaken for the Directorate of Hydro-
agricultural Infrastructure with the goal of estimating
the water used for irrigation, based on remote sensing
techniques and on-site sampling. More recently, in the
Executive Project for Irrigation District ory in the

1 Keywords: Water consumption, water measurements,
water sources, irrigated areas.

2 SAGARPA is the Mexican Ministry of Agriculture, Live-
stock, Rural Development, Fisheries and Food.

Comarca Lagunera, the research team used satellite
images (SPOT, Landsat) to show the significant differ-
ence between water use for irrigation according to re-
ported levels of concession permits for agriculture,
and the actual volumes extracted. This documented
the underreporting in official SAGARPA reports. Ac-
cording to the results of these studies, the water ex-
tracted by irrigation districts is similar in magnitude to
the volumes extracted by irrigation units, the differ-
ence lying in the extraction of groundwaters. Total
water extraction for agricultural use was 60.7 km® in
2006, of which 201 km® came from groundwaters
and 40.6 km?® from surface waters.

9.2 Background

Despite the importance of water extraction measure-
ments for controlling water use for each economic
sector, it is possible that most of the water extracted
from various sources is not measured. The sector that
uses most water in Mexico is agriculture. Measure-
ment of surface water extraction from dams and cur-
rents is acceptable, although there are no precise
measurements of water extraction from deep wells,
only estimates. Also, most small irrigation units are
unmeasured, both in terms of surface and groundwa-
ter, so consumption is estimated according to the re-
ports of irrigated surfaces.

Water extraction measurements at the urban-
municipal level are also estimates; unfortunately they
lack reliable information and tend to be inconsistent.
Generally, there are no overall measures of water
extraction in Mexico, and source metering is defi-
cient, as the methods deployed are outdated and have
been technically unreliable since the 1980’s.

In 1997, the National Water Commission (CONA-
GUA) commissioned the postgraduate College in
Agricultural Science (COLPOS) to evaluate the
dimensions of irrigated surfaces and volumes of water
used from the Pesqueria River in the state of Nuevo
Leon. Since the dimensions of the surfaces being irri-
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gated with water from this river and the Ayancual
Creek were unknown, the research team made a
photo-mosaic of the region, as well as measurements
of applied irrigation areas. Images from the satellite
LANDAST 7 were also used together with software
developed by the Mexican Institute of Water Technol-
ogy (IMTA) in order to verify cultivated surfaces using
the normalized difference vegetation index (NDVI).

In 1999 a thesis was produced (Bolafos, 2000)
with the participation of the International Irrigation
Management Institute (IIMI) and COLPOS. The aim
was to evaluate the volume of water use and irrigation
surfaces in the high basin of the Lerma River, using
four images from Landsat 7. Through a survey of irri-
gation areas, measurements were undertaken on the
main crops produced in that region. Images were
treated using IDRISI software for the Microsoft DOS
operating system.

Also in 1999, COLPOS undertook a study for CO-
NAGUA to assess the volumes of water extracted in
the aquifers of Janos and the Coast of Hermosillo, by
applying remote sensing techniques using Landsat 7
images, and measurements of the irrigation areas for
the crops of that region. Subsequently, the Directo-
rate of Hydro-agricultural Infrastructure at CONA-
GUA entered into an agreement with COLPOS to
evaluate the irrigated areas and especially small irriga-
tion units across the country.

Since 1985 the General Directorate of Water Ad-
ministration of the Ministry of Agriculture and Hy-
draulic Resources has been experimenting with a
method of assessing the volumes of water pumped
from deep wells through measurements of electricity
consumption and the electromechanical efficiency of
the pumping equipment. They defined different zones
according to average efficiency extraction values in
m®/kWh. Employing this same method and based on
energy consumption tariff 9M, reports from the Fed-
eral Electricity Commission (CFE), the Coordination
of Efficient Water and Energy Use (CUEAE-SDGIH)
evaluated groundwater extraction volumes in every
state of Mexico in 1992. They published a manual for
evaluating pumping equipment for deep wells, de-
scribing methodologies and extraction indexes for
every state (CONAGUA, 1994). The methodology de-
ployed in this study was used to estimate the irrigated
surfaces and the volumes of water extracted in the
Annual Agricultural Report 2004-2005 for all irriga-
tion units based on research by COLPOS for CONA-
GUA.
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9.3 Objectives

This chapter will estimate the volumes of water
extracted for agricultural irrigation from both surface
and underground sources through pumping from
deep wells in each state of Mexico. Given that there
are not enough adequate measurements of these
extractions, the study uses indirect methods to obtain
the necessary data that are then compared with offi-
cial data from CONAGUA to assess the methodolog-
ical validity. Water use trends can also be evaluated by
comparing available statistics from CONAGUA and
SAGARPA. For this, estimates of extractions were cal-
culated for the period 1998-2007. Based on this anal-
ysis, the authors propose actions for improving con-
trols over water used for irrigation to reduce negative
impacts on the environment, the economy, and all
users of water in agriculture.

9.4 Methodology

For assessing the volumes of water used for irrigation
in each state, both for irrigation districts and irriga-
tion units, it is important to consider various hypoth-
eses of mixed reliability that may offer an acceptable
estimate. Two hypotheses are fundamental: 1) the sta-
tistics on irrigated areas by SAGARPA and CONA-
GUA are generally reliable, although they are ques-
tionable in many specific cases; 2) the average
irrigation surfaces at the state level are representative
of the average volume used per hectare for the main
crops and thus are taken to estimate average volumes
used per crop, which is also very controversial.

A joint study by COLPOS and CONAGUA of Irri-
gation District or7 Comarca Lagunera recorded that
water consumption in areas with official irrigation
permits was underestimated by at least 10 per cent
(Bolanos et al., 2008), which severely questions the
reliability of available agricultural statistics. It also
showed that irrigation areas for different crops varied
considerably for this irrigation district in their actual
surface; usually their size was underreported, and
consequently more water was used. For groundwater
extraction with deep wells, the base hypothesis is also
questionable, as is the claim that it is possible to meas-
ure mean water volumes according to average kilowatts
pumped using information from CFE. CONAGUA had
previously scrutinized this hypothesis.

The methods proposed in this chapter for estimat-
ing water extraction volumes for agricultural irrigation
deal with irrigated crops using wells. They rely on a
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Figure 9.1: Distribution of irrigated areas and volume for each water source. Source: The authors.
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proposal in a study by Cueae for CONAGUA in 1994
based on electricity consumption statistics for each
state, provided in CFE reports with some adjustments
as outlined below. By dividing the estimated values
from this method by the irrigated surfaces (reported
by SAGARPA), the average irrigation surfaces may be
approximated. The average irrigated areas estimated
may be compared with the measurements derived
from actual surveys done by COLPOS.

CONAGUA annually supplies agricultural and hy-
drometric statistics at the district and state level for ir-
rigation districts. Thus, the surfaces can be estimated,
and if this information is compared with SAGARPA
reports, it becomes relatively trustworthy. If the sur-
face reported by irrigation districts is deducted from
the total irrigated surface as reported by SAGARPA,
one may calculate the surface of small irrigation units.
But it is necessary to make adjustments to official
data. For 2006, CONAGUA reported that in Baja Cal-
ifornia in Irrigation District or4 Colorado River,
197,247 hectares were irrigated, while according to
SAGARPA the surface was 180,849 hectares. This dif-
ference for Irrigation District o14 reflects the fact that
it includes a municipality from Sonora. Therefore, it is
necessary to deduct the average irrigated surface in
the municipality of San Luis Rio Colorado from the
total.

For CFE’s electricity consumption reports, con-
sumption was previously subdivided into high and low
voltage. The latter corresponded to small wells for
livestock and pressurized pumping systems. But part
of the reported energy use corresponds to the pump-
ing of flowing water, so a percentage must be
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deducted from the total to obtain proper consump-
tion estimates for deep wells. In the original CFE
reports approximately five per cent of the energy used
was low voltage, and two per cent of high voltage was
used for pumping from sources other than deep wells;
and so the estimates were adjusted. Also, productivity
indexes were adjusted to water volumes per kWh; they
were usually reduced due to observed falling pumping
levels.

9.5 Results and Discussion

The results obtained with these methods for water
use in the agricultural sector for 2006 are shown in
figures 9.1(a) and 9.1(b), displaying the distribution of
volume and irrigated areas according to irrigation dis-
tricts and units, at the national and state level (figure
9.2). The actual figures for each state are detailed in
table 9.1. The total values of surface and groundwater
extraction are congruent with CONAGUA’s official
statistics for 2007; approximately 40 km® relied on
surface waters and 20 km® on groundwaters.

In the year 2006, the irrigated surfaces in districts
and units are similar. They tend to be greater in irriga-
tion units which have increased during the past 25
years, whereas surfaces in irrigation districts have
declined (see below). Also, the total volumes of water
used are similar, perhaps greater in irrigation districts,
but the composition according to water source dif-
fers. Thus, while 56 per cent of water used in irriga-
tion units comes from underground pumping, this fig-
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Figure 9.2: Volumes of water extracted for irrigation according to source in each state according to the source (m3) for

2006. Source: The authors.
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ure amounts to only 1T per cent for irrigation districts,
where surface water predominates.

Based on official permits up to the year 2007, as
reported by CONAGUA for each state, the volumes
of water may be compared with the values obtained in
this study. Figure 9.3 points to discrepancies in several
states, as there is no complete record of extracted vol-
umes due to a lack of measurements of both surface
Baja California Sur, Mexico, Querétaro, Sonora and

and groundwaters. However, the total differences are
minimal except for some states, e.g. Durango.

Comparing groundwater extraction for each state
in 1992 (CONAGUA, 1994) with data for 2006, the
authors observed an important increase in many
states, such as Chihuahua, where the energy use for
agriculture doubled, and for Durango and Jalisco,
where it tripled. Major increases were recorded in
Tlaxcala (figure 9.3).
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Figure 9.3: Changes in volumes of groundwater extraction between 1992 and 2006. Source: The authors.
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Following a similar procedure, irrigated surfaces in
irrigation districts and small units were calculated, as
well as water volumes from surface and underground
sources for the past twenty years. The mean average
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growth rate per annum for each subsector was
included. Thus, in figure 9.4 variations in irrigation
areas may be observed at the district and small unit
level between 1988 and 2007.
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Figure 9.4: Variation of irrigated areas according to Irrigation Districts and Irrigation Units in Mexico (1998-2007).
Source: The authors.
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The total irrigated surface area did not grow as much
during the past twenty years since the foundation of
CONAGUA, despite the large number of public
works that were carried out, including storage and
dams, pumping plants and deep wells. Irrigated sur-
faces in irrigation districts have declined, even if the
contrary has occurred in small irrigation units. The
reduction in irrigated surfaces in irrigation districts,
despite the increase in the total number of irrigation
districts, is due to the fact that surface water used for
irrigation in small units has come from the supply
sources of the districts, as has been documented in
some regions by COLPOS studies.

The variation in water volumes used for irrigation
over two decades, both for surface and underground
sources, is illustrated in figure 9.5. Surface water use
slightly declined, whereas for groundwater a major
increase occurred during the same period, due to
increased numbers of wells and over-exploitation of
aquifers. Energy consumption for agriculture has
notably increased in this period.

The use of electricity for irrigation has steadily
increased since 1962 based on CFE data. Between
1962 and 1989 energy consumption increased annually
by an estimated 9.79 per cent. But from 1990 energy
tariffs increased considerably, and this had an impact
on consumption. Since 1993 tariffs have been adjusted

and consumption has moderately increased. From
1988 to 2007, energy use increased by 1.22 per cent
annually. Also, the number of users has increased
more rapidly than consumption; thus, during the first
stage from 1962 to 1989 the average annual growth
rate of users was 10.76 per cent, whereas in the sec-
ond period from 1988 to 2007 it was 2.43 per cent,
almost double the rate of consumption. Figure 9.6
shows the variations in consumption (MWh) and
number of users.

As can be seen for the past few years, energy con-
sumption has stabilized at 7.5 million megawatts per
hour even though the number of users has increased,
indicating a decrease in the average consumption per
user. This could have two causes; the first, possibly a
more efficient use of electric energy due to activities
by CONAGUA to improve efficiency of electrome-
chanical equipment; and the second, a part of the
consumption was for low pressure pumping, for
example drip irrigation (figure 9.5).

Also, the apparent diminution of irrigated areas in
organized districts during the past twenty years is wor-
rying, especially as the number of irrigation districts
has increased. However, CONAGUA’s annual reports
show a diminution in irrigated areas in most states. In
figure 9.7 the average growth variations of irrigated
surfaces for each state are shown graphically and ap-
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Figure 9.5: Variation in volumes of water used for irrigation according to source. Source: The authors.
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Figure 9.6: Variations in energy consumption (MWh) and number of users in the agricultural sector, 1962- 2007.
Source: The authors.
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pear to be negative, except in Campeche, where the ir- However, there has been an increase in small irri-

rigation district by pumping source became a small ir-  gation units, as well as a rise in users of surface water
rigation unit. and groundwater, which has compensated the former



136

Enrique Palacios Vélez and Enrique Mejia Saez

Figure 9.7: Average growth variation of irrigation areas contrasted with irrigation districts for each state. Source: The

authors.
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An important example of this is the state of Chi-
huahua, where the surface irrigated in districts has
considerably decreased (figure 9.7), with an annual
variation rate of -5.88 per cent, but the rise of overall
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Figure 9.8: Variation of irrigation areas in the State of Chihuahua. Source: The authors.
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irrigated surface of the state is positive (0.7 per cent
annually). This is caused by water use in irrigation
units, especially with wells, which have increased by 3
per cent per annum, implying an increase in energy
consumption and in groundwater extraction. To illus-
trate this specific example, figure 9.8 shows how irri-
gated surfaces have varied in the state of Chihuahua,
a case where irrigation has shifted from the irrigation
districts to smaller irrigation units.

From a legal, environmental and economic per-
spective, an important problem is the building of an
irrigation infrastructure without thoroughly evaluating
its impact. This affects users by undermining their
rights, the environment if works negatively impact on
regions, and the economy as investments might have
negative productivity.

A well known example is the construction of the
dam El Molinito in the River Sonora, upstream from
the dam Abelardo Rodriguez, and close to the city of
Hermosillo. This dam stopped the waters from arriv-
ing at Rodriguez dam, which operated as one of the
prime water sources for the city and as a thermal reg-
ulator, given that water evaporation in the dam posi-
tively impacted on the high summer temperatures.
With the construction of the new dam, water flows in
the aquifer of the Coast of Hermosillo were signifi-
cantly reduced, and agriculture in the region of the
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high basin was favoured, further reducing surface and
underground run-off downstream.

These types of problems became generalized due
to a lack of thorough studies on the environmental
impact of irrigation works. COLPOS undertook vari-
ous studies in the River La Laja basin in Guanajuato
where the negative impacts of irrigation infrastrucutre
and well drilling in the high basin were demonstrated
(Palacios, 2004). During the last twenty-five years the
construction of new water infrastructure has affected
the water users and the environment, generating con-
flicts between regions and producing reduced irriga-
tion surfaces in many areas of the country.

According to CONAGUA reports, during the past
twenty years infrastructure was built for up to 20 thou-
sand hm?, but the present study shows that the overall
irrigated surface remained constant, with § million
hectares being cultivated annually on average (varia-
tions are mainly due to weather conditions). The
problem has been the construction of too many
dams, with water contention walls and dykes generat-
ing water losses due to evaporation and to upriver
dams curtailing flows downstream. Thus, works that
benefit small irrigation units have reduced water
sources for irrigation districts.

According to CONAGUA’s database, Mexico has
more than 15,000 reservoirs with a capacity of more
than 0.5 hm?®, with an overall total capacity estimated
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Figure 9.9: Number of dams with a capacity of over 0.5 hm? by state. Source: The authors.
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at over 150,000 cubic hectometres; this includes im-  for irrigation. Some states have more than a hundred
portant dams used for hydroelectric generation, but  (figure 9.9).
the proportion is much higher for smaller dams used
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Besides dams, there are also a high number of
levees and irrigation channels with different capaci-
ties; they are mainly used for irrigation and livestock.
SAGARPA, through its programme of micro-basins,
has supported the building of these levees and irriga-
tion channels, which keep run-off waters from reach-
ing dams. For example, in Guanajuato, besides the
194 dams registered by CONAGUA, there are 830
levees and irrigation channels in the various munici-
palities of the state.

So far there is no agreement between SAGARPA
and CONAGUA on guidelines for authorizing the
construction of levees and irrigation channels.
CONAGUA itself builds new water dams upriver in
the same streams where there are other dams, affect-
ing the rights of users of irrigation districts and small
irrigation units.

It is worrying that many hydraulic works built by
CONAGUA lack adequate environmental impact
studies. Often, they have only assessed their most
apparent benefits, neglecting any broad negative
impact or environmental externalities. Another worry-
ing fact is that CONAGUA provides faulty reports on
irrigation surfaces to international institutions such as
FAO, based on areas that according to CONAGUA
are suitable for irrigation but are not actually irri-
gated. Thus, according to National Water Statistics
2008, the irrigated surface in Mexico is reported as
6.46 million hectares. Such an area has never been irri-
gated; the maximum surface that has been irrigated,
including primary and secondary crops, has been 5.41
million hectares in 1994. This means one million hec-
tares less than what is reported. Furthermore, the area
suitable for irrigation is estimated by experts at less
than § million hectares, despite new irrigation works
being inaugurated every year.

In a study undertaken by COLPOS and CONA-
GUA (1998) on the surface that could be suitable for
irrigation within irrigation districts - based on data di-
rectly provided by the personnel responsible for oper-
ations in the districts - the figure for the area having
sufficient water was estimated at 3.1 million hectares.
Thus, the annual water availability in some irrigation
districts did not enable all available infrastructures to
operate.

It would possible to increase the irrigated surfaces
if it were possible to enhance water use efficiency, for
which it would not be necessary to create more irriga-
tion districts or units, but rather to make better use of
the available infrastructure. Generally, water use effi-
ciency is considered to be low, although it would be
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important to undertake more detailed studies on the
real efficiency of water use.

Information on the efficiency of water-carrying de-
vices such as pipes or ducts exists, but it is not very re-
liable. Water supply is not measured when it arrives at
the irrigation fields. Looking at the variation patterns
in data reported by CONAGUA on water-carrying ef-
ficiency in irrigation districts (figure 9.10) in the pe-
riod between 1985 and 2003, it is difficult to identify
possible causes. It is assumed that data are more reli-
able after 1990 when estimates were made by CONA-
GUA; but even then there is a significant increase
from 1990 up to 1996, with a decline in 1997 and 1998,
rising again in 1998 and falling again from 1999 on-
wards. Perhaps this is due to underreporting by or-
ganizations of water users, called also ‘administrative
losses’.

If we analyse losses in terms of water-carrying effi-
ciency in each irrigation district, there are some that
do not have significant reductions, for example Irriga-
tion District or4 Colorado River and Irrigation Dis-
trict 038 Mayo River. They have negative variations of
up to 10 per cent, indicating that a part of these losses
are indeed administrative losses.

Also, we must consider irrigation districts in the
inner part of Mexico, where the water is not really
lost, because the run-off can be used downstream,
and it recharges aquifers via infiltration. As for losses
due to mismanagement in the actual irrigation fields,
there is not enough information to make a reliable as-
sessment. However, in some irrigation districts a con-
siderable volume of water is lost due to poor irriga-
tion practices. However, in many cases this trend is
reversing because farmers are realizing that with effi-
cient use of water they not only save water but also
achieve greater productivity.

Improvement in water management focused on
the distribution networks and on actual irrigation
methods is a way of increasing irrigation areas with-
out heavy investment. However, this requires the
implementation of improved techniques, including
efficient structures in the distribution network, level-
ling lands, and applying the most efficient irrigation
methods.

Conclusions and
Recommendations

9.6

Estimates of water use for agriculture in Mexico rely
on methods used by CONAGUA. They show that irri-

gation areas in irrigation districts have been reduced
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Figure 9.10: Conveyance efficiency reported by irrigation districts. Source: The authors.
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at the same time as areas irrigated in small units have
increased. These trends have allowed the overall irri-
gated surface to remain constant for the past two dec-
ades, with only minor variations caused mainly by
weather conditions, as there is less surface water avail-
able in dry years.

Available annual surface water volumes have also
decreased, which has led to an increase in groundwa-
ter use, especially through deep well pumping. Thus,
many of the most important aquifers in the centre
and north of Mexico have been over-exploited.
Diminishing surface waters are not only caused by cli-
mate conditions, they are also related to evaporation
in irrigation infrastructure and to the decreased run-
off either because water is used in the upstream basin
or because part of the waters used for irrigation is
destined for other purposes.

Here, it is pertinent to note that water from wells
used for irrigation has certain advantages over surface
water, for example time and space, because farmers
can make use of it when crops need it. This is not
always possible with surface water, especially in irriga-
tion districts where water availability is limited, either
because water is insufficient or because water-carrying
networks are inadequate to meet demand on time.
Besides, some localized irrigation methods cannot be
properly maintained in most irrigation districts.

Given energy tariffs subsidized by CFE, it is still
possible for agricultural producers to irrigate the least

profitable crops without economic losses; this policy
produces an over-use of groundwater, and this is why
pumping water has become more popular.

Currently there is not enough control over the dis-
tribution, efficiency, and use of water. The National
Water Law has important limitations, including lack-
ing a definition of what water rights are. Users of
water for irrigation often lack legal security over the
water volumes allowed by official permits. In other
countries, water rights are clearly defined as the vol-
ume of virtual water estimated according to mean
water availability in basins (statistically defined as a 50
per cent probability, not as an arithmetical measure),
and every year water authorities estimate mean availa-
bility in order to fix greater or lower volumes to
match official user permits.

Increasing irrigation areas without having enough
available water poses a threat to all water users who
currently have a right over that water and who see
water availability decreasing. This situation is already
present in many over-exploited basins, and it consti-
tutes one of the causes of the decline of surface water
for agricultural irrigation.

It is important to measure water properly when it
is distributed, not only in agriculture, but in every sec-
tor, in order to make a fair allocation of water
resources, and to ensure that the National Water Law
is obeyed. Besides, it is important to provide water to
users by volume so that they can save water for exam-
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ple from one agricultural cycle to the next. This
would ensure efficiency and at the same time boost
productivity. A strictly regulated market of water
rights would also be an alternative.

Despite all factors that have been addressed in
this chapter, irrigation agriculture has a great poten-
tial. While water use efficiency is currently low, it
could be enhanced by using appropriate practices. Ag-
ricultural productivity could be doubled with the wa-
ter and infrastructure currently available. Technology
exists to improve crop productivity significantly, in-
creasing the production of foods and raw materials.
Unfortunately, this technology has not been accessible
to most users in the agricultural sector, which is why
the government, together with user organizations,
technological centres and universities, disseminates
this knowledge. A minor investment in these terms
would be greatly beneficial to water users and to the
entire country.
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