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Summary

This report evaluates the degree of success of water
users in managing water allocations and deliveries in
two modules in Irrigation District 017, Coahuilla-
Durango, Mexico. The users received O&M responsi-
bilities in 1993. Groundwater, while important in the
region, is not under the jurisdiction of the user groups,
and is not reported here. Policies and practices are
evaluated from the standpoints of the nature of the
planning rules, consistency, equity, and efficiency in
implementation of the plans. Deliveries were mea-
sured at module and field headgates, and yields were
measured by sampling. One year’s results indicate
that the joint management by the users and the

Comisión Nacional del Agua has been reasonably suc-
cessful in implementing water allocation and cropping
plans without locational (head/tail) or type of user
(ejido/private) biases. Relatively low Relative Water
Supplies at the parcela level suggest there may be ir-
rigated areas not officially recorded. Overall system
water efficiency was approximately 60 percent while
field irrigation efficiency averaged 68 percent, using
CROPWAT estimations of evapotranspiration. Within-
field yield differences (head/end) were approximately
10 percent, suggesting modest possibilities for yield
improvement through land leveling or other forms of
within-field irrigation improvement.
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Performance of Two Transferred Modules in the Lagunera
Region: Water Relations

G. Levine, A. Cruz Galvan, D. Garcia, C. Garcés-Restrepo, and S. Johnson III

Introduction

Mexico has a vast land area of approxi-
mately two million square kilometers. In
excess of 75 percent of the country is clas-
sified as arid and semiarid and water is
the constraining agricultural production
factor in many areas. As a result, the total
cropped land is only around 20 million
hectares. With such a large extent of arid
land, irrigation plays a critical role in
terms of overall agricultural production.
Irrigation has been practiced in Mexico
since pre-Hispanic times, even before the
Mayans, with many small diversions and
canals being built to meet the agricultural
needs of the population.

It is estimated that at the beginning of
the Revolution there were approximately
1.2 million hectares of irrigated land.
Much of this land had been developed by
various land companies, mainly American
(USA), for the purpose of growing planta-
tion crops such as sugarcane and cotton.
The Constitution of 1917 nationalized the
country’s water resources and these irriga-
tion systems became the responsibility of
the state. After the Revolution, the govern-
ment continued to expand the irrigated
area in the country.

By 1960, the agricultural census re-
ported a total of 4.3 million hectares in the
country (Trava 1994). During the 1970s
and 1980s irrigation investment continued
to be a high priority. As a result, Mexico
now has the largest irrigated area in Latin

America with a total of 6 million irrigated
hectares, including 3.3 million hectares in
80 public irrigation districts and the re-
mainder served by small-scale communal
and private systems as well as by deep
wells. The distribution of Mexico’s irri-
gated area is shown in figure 1.

In 1989, as part of the National Devel-
opment Plan (1989-1994), there was a ma-
jor modification of the water law of
Mexico, within which was the creation of
the National Water Commission (CNA)
(Gorriz, Subramanian, and Simas 1995).
The CNA was created with an explicit
mandate to define a new policy for the
management of the waters of the country.
This led to the development of the Na-
tional Program for Decentralization of the
Irrigation Districts under the National De-
velopment Plan; this was designed to es-
tablish a system of irrigation management
co-responsibility between CNA and the
water users where the 80 public irrigation
systems would become financially self-suf-
ficient (Espinosa de Leon and Trava
Manzanilla 1992).

Phase I of the transfer program gradu-
ally shifted responsibility for government-
managed irrigation districts to water user
associations, with each of the water user
associations being responsible for the op-
eration and maintenance (O&M), financial
resource mobilization, and dispute resolu-
tion, within a unit (module) 1 that starts at

1Modulos are hydrau-
lically defined areas
served by one or more
secondary channels
representing the distri-
bution portion of the ir-
rigation district. They
vary in size from 1,000
hectares to as large as
50,000 hectares.
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FIGURE 1.
Irrigated and rain-fed areas in Mexico.

the secondary canal level and extends to
the individual farm intakes. These water
user associations are legal entities under
Mexican law. The CNA retains responsi-
bility for managing the water source and
the main canal. This program was de-
signed to eliminate government subsidies
to the districts, and to improve the effi-
ciency and productivity of the sector. To
eliminate the subsidies, it was necessary to
increase user water fees to cover all O&M
and administrative costs, including the
costs incurred by CNA in operating the
water source and the main canal.

Phase II of the transfer program creates
Limited Responsibility Societies (LRSs)
that are federations of the individual
modulos. LRSs are responsible for operat-
ing all the main canals, drains, and roads

of the irrigation district. The federation
also permits the pooling of the mainte-
nance equipment provided to the modules,
resulting in economies of scale in the use
of this equipment. When the LRSs are in
place, CNA is responsible for managing
the water source, as well as playing a
larger role in overall water resource plan-
ning and development in the country. Be-
tween 1990 and 1995, Mexico transferred
responsibility for over 80 percent of the
area under government control to the users
(CNA 1995).

Irrigation districts, prior to transfer,
were subdivided into geographically based
administrative units (unidades) that facili-
tated planning and operations of the dis-
tricts. During the process of transfer, the
new units, modules, were formed. In most
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cases these subdivided the unidades into
smaller units, as it was felt these would be
easier for the WUAs to manage. However,
while the modules that were established
initially were relatively small, later ones
were created larger as it became clear that
financial self-sufficiency required a larger
area to generate sufficient income. As of
1996, over 380 modules were formed and
7 LRSs established.

The performance of the transferred
systems in Mexico is of major interest, not
only to the Mexicans, but also to many oth-
ers in Latin America and other parts of the
world where similar transfer programs are
in the process of being fostered by the vari-
ous development banks and bilateral de-
velopment programs. The study of the
performance of transferred systems is an
important part of the research program of
the International Water Management Insti-
tute (IWMI), with data being available for
systems in Colombia, Sri Lanka, and the
Philippines.

Ideally, a comparison of the perfor-
mance of the transferred systems with that
of the systems prior to transfer would be
most useful in evaluating the utility of this
approach. However, in very few cases
have there been systematic studies prior to
transfer. Such is the case in Mexico. Simi-
larly, it would be desirable to study the
transferred systems under more or less the
same external economic and social condi-
tions as those experienced prior to transfer.
Unfortunately, during the period of this
study Mexico was experiencing major ad-
justments in its economy, and in its social
contract with the peasant (ejido) sector. In
addition, 1995 was the third year of an in-
creasingly severe drought, placing the
transferred systems in a severe stress con-
dition. This combination of circumstances
makes a definitive before and after com-
parison impossible. The results should be

considered only as a determination of the
performance of two irrigation systems
jointly managed by the users and the gov-
ernment agency during a period of severe
water and economic stress. Additionally, it
should be remembered that the field re-
sults reported here are for only 1 year.

As indicated earlier, the first stage of
transfer represents a period of shared
management, with the CNA retaining re-
sponsibility for the source of the water,
and for its conveyance to the modules, in-
cluding maintenance of the primary canal
system. To carry out this responsibility, the
CNA is organized with Regional, State,
and District offices. At the District level, the
CNA organization includes separate of-
fices for operation, maintenance, and ad-
ministration. The modules have the re-
sponsibility for all operation and mainte-
nance below the level of the primary canal,
individually from their point (or points) of
control. Their organizational structure is
illustrated in figure 2.

FIGURE 2.
Typical water user organizational structure.
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The operating structure usually in-
cludes a Chief Engineer, secretary, statisti-
cal office, a number of canaleros (ditch rid-
ers), equipment operators, etc. The num-
bers and types of these operating person-
nel depend upon the size and character of
the irrigation system.

Between the CNA District and the
Module organization is the Hydraulic Com-
mittee. This committee is a critical one in
the structure of the shared management
phase of the transfer program. The commit-
tee is composed of the President, who is
the Chief Engineer of the District, and rep-
resentatives (usually the presidents) from
each of the water user organizations. Rep-
resentatives from other interested parties,
e.g., federations of producers of specific
crops, may be invited to attend the meet-
ings. The committee meets every month, or
more frequently if necessary, and is gener-
ally charged with fostering the effective
functioning of the district, serving as a fo-
rum for interchange among the water user
organizations, as well as between the us-
ers and the CNA. In this respect, the com-
mittee serves as a mechanism for reconcil-
ing different needs of the CNA and the us-
ers. Gorriz, Subramanian, and Simas
(1995) give a complete description of the
responsibilities of the Hydraulic Commit-
tee.

Though the transfer program is rela-
tively new, there are early indications that
transfer is perceived by the users to result
in improved performance (Gorriz,
Subramanian, and Simas 1995). However,
there have been few field studies of actual

performance of the transferred systems.
This report gives an account of the surface
water performance as part of a comprehen-
sive study of two modules within Irrigation
District 017 Region Lagunera, in the State
of Durango. The agricultural area within
the Lagunera Region is approximately
220,000 hectares of which slightly less
than 95,000 hectares receive irrigation ser-
vice. Water scarcity is a dominant feature
in the region, with yearly rainfall around
200 mm and annual evaporation approxi-
mately 2,000 mm. Prior to transfer, there
were seven operational unidades in the
district. As a part of the transfer process,
20 modules were established and, as of
late 1996, 15 of these have been established
as WUAs.

Results presented in this report trace
surface water allocations and deliveries
from the reservoir to the field level, with
identification of the policies and practices
used in delivering the water to the users,
differentiating between the ejiditarios (com-
munal landholders) and the private land-
owners. Although very important in the
district, the role of groundwater is only
discussed briefly at this time since the
modules have no operational control of
groundwater extraction. (Approximately
three-quarters of the total water used by
the pequeño propietarios (small owner)2 and
one-quarter of that used by the ejiditarios
comes from groundwater.) Subsequent
studies have addressed groundwater use,
as well as the agricultural and economic
performance of the transferred units, and
the impacts on the rural families.

2In Mexico, there are
private landowners,
limited to 100 hectares
or less.
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In this study, research focused specifically
on six questions:

1. What is the basis for the decision by
the Hydraulic Committee on the area
permitted for planting, and how well
is it implemented?

2. How well is the proportional water al-
location rule implemented by the mod-
ules and the farmers?

Research Questions

3. How equitable is the distribution of
water between head and tail users?

4. How equitable is the distribution of
water between ejiditarios and pequeño
propietarios?

5. What are the system- and field-level
water efficiencies?

6. What are the opportunities for improv-
ing system productivity?

Research Methodologies

The study was carried out using informa-
tion routinely collected by CNA, informa-
tion from the farmers, and by a measure-
ment program designed to obtain accurate
information on the volumes of water
reaching the farmers, the distribution of
this water among different groups of farm-
ers, and within parcelas (the fields) of indi-
vidual farmers. The details of the proce-
dures follow:

Parcela selection

Parcelas were selected in each of the mod-
ules to represent head and tail locations,
different land tenure (private and ejido)
situations, and differential access to
groundwater (pumps and no pumps).
Eight parcelas were selected in each mod-
ule.

Flow measurement

At the point where water management re-
sponsibility is transferred to the module

(punto de control) the CNA makes current
meter measurements twice daily (in the
morning and late afternoon). The modules
check these measurements at times. IWMI
made similar measurements during the ir-
rigation season.

Current meter measurements were also
made at the entrance to the individual
parcelas. This, coupled with the time of ir-
rigation, permitted the determination of the
volume delivered.

Distribution within parcelas

Gravimetric soil moisture measurements
were made in each parcela 1 day before
and 3 days after each irrigation. The soil
samples were taken at approximately one-
quarter and three-quarters of the length of
the parcela; samples were taken at 10 cen-
timeter (cm) depth intervals to a depth of
1.2 meters (m). The rate of extraction so de-
termined was extended to cover the 4 days
not included in the measurements. This
permitted the determination of water ex-
tracted from the profile at each location.
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Evapotranspiration

To facilitate comparisons, CROPWAT was
used to estimate evapotranspiration. To
determine the possible oases effects, the
CROPWAT estimates were compared with
the water extracted from the soil profile,
and the difference calculated.

(usually between 10 and 25 years) negoti-
ated with each module. The concession
grants a water allotment, based on the pro-
portion of the district area within the mod-
ule. In general, the concession is not in the
form of a volumetric allocation,3 but is de-
pendent upon estimations of available sea-
sonal, or annual supply.

The primary source of water for the
district is the Rio Nazas, with a total res-
ervoir capacity in Lazaro Cardenas of ap-
proximately 3,600 million cubic meters. To
specify the area that can be irrigated from
the volume considered available in the res-
ervoir, the Comisión Nacional del Agua
(CNA) estimates the volume in the reser-
voir (using the stage/volume relation for
the reservoir4) as of October 1 each year,
and then specifies the volume available.
The relation between actual storage and
available water is shown in figure 3. The
data indicate that between the lowest and
highest volumes of available record there
is a linear relation between the estimated
volume in the reservoir and that consid-
ered available for use (with a correlation
coefficient, r2, of .96). The slope of 0.39 im-
plies that approximately 40 percent of the
incremental additions of water to the res-
ervoir are considered available for alloca-
tion.

Yields

Yields were obtained at the one-quarter
and three-quarter points in each of the
parcelas by field sampling using sampling
frames. For row crops, two samples of two
rows, each 1 m long, were harvested at
each location. For alfalfa, a one by one-
meter frame was used.

Results

The following sections present the data to
answer the questions as well as discuss
the results and their implications.

1. What is the basis for the decision by
the Hydraulic Committee on the area
permitted for planting, and how well
is this decision implemented by the
modules and the farmers?

Water rights for irrigation under the
revised Mexican water law are based
upon the principle that the available wa-
ter is to be allocated in proportion to the
irrigable area. This principle is formalized
through a concession for a limited time period

FIGURE 3.
Volume of water available as a function of total volume in reservoir.
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The specific rationale for this relationship is not ap-
parent. Projecting the relationship to zero
storage implies water is still available for
allocation, an obvious impossibility. Thus,
at some reduced level of storage (clearly
less than 50% of capacity), the procedure
for estimating availability would have to
change. Since the reservoir provides oppor-
tunity for intra-seasonal, and even annual
carryover, one rationale for the constant
ratio is to proportion changes in storage
for use over time. Why this proportion
should be constant is unclear. The change
in losses from seepage and evaporation
from the reservoir surface is unlikely to re-
main a constant proportion of the change
in storage, and thus real availability is not
strictly proportional at the different stages.
That the decision about availability is
somewhat arbitrary is illustrated by the
special circumstances of the 1996-97 sea-
son. When the decision about availability
was to be made in 1996, the CNA recom-
mended a volume consistent with the rela-
tion shown in figure 3. The Hydraulic
Committee objected, referring to the criti-
cally constrained irrigation season during
1996 and the need to have the largest pos-

sible area for economic recovery; they were
able to negotiate for a greater declared
availability.

Based upon the water considered
available in the reservoir and considering
the evapotranspiration and expected
losses in conveyance, the CNA suggests
the area that can be irrigated to the District
Hydraulic Committee, which has the nomi-
nal authority to make the irrigated area al-
locations for the district for that season or
year. The implicit policy underlying this
decision, based upon an analysis of allo-
cations and plantings for a 7-year period
is illustrated in figure 4, which shows the
planned irrigated area as a function of the
estimated available water in the reservoir.

The planned area for irrigation is lin-
early related to available water supply
with a correlation coefficient (r2 ) of 0.95.
The linear relationship implies that no
managerial changes are expected or im-
posed as the available water supply de-
clines.5 The relative water supply
(planned) (RWSP)6 implicit in this rela-
tionship is approximately 1.7.7 This sug-
gests that the maximum overall technical water ef-
ficiency8 was estimated to be approximately 58 per-
cent, though the actual basin-wide efficiency may be
significantly greater due to the recovery of
losses from the conveyance system
through the extensive pumping of the
groundwater.

Figure 4 also indicates the area actu-
ally planted during those same years by
the farmers in the district. The average
area planted was approximately 10 per-
cent greater than that allocated, and the
slope of the relation with volume available
is almost parallel to that planned (the
slope is slightly steeper—0.068 v. 0.061,
and with a similar correlation coefficient of
0.965). This increased level of planting
(normalized to a cotton equivalent),9

would have resulted in increased district-

FIGURE 4.
Actual v. planned planting a s a function of planned volume.
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5For the 1996 cropping
cycle, in a situation of
extremely low water
supply, the CNA recom-
mended the irrigated
area be confined to
only a portion of the
district, effectively ab-
rogating the district-
wide equity, but main-
taining the general re-
lationship between
area to be irrigated
and the available sup-
ply.
6The Relative Water
Supply (RWS) is de-
fined as the ratio of To-
tal Water Supply (irri-
gation + rainfall) to the
Water Requirement. As
such, it is mathemati-
cally the inverse of the
customary technical
water efficiency. How-
ever, it is used as an in-
dependent  variable,
while efficiency usually
is considered a depen-
dent  variable. For a
more extended discus-
sion of RWS see Levine
1982.
7Two methods were
used to determine the
evapotranspirat ion
which represented the
water requirement for
the planted area: that
recommended by the
UN FAO—CROPWAT,
and the water extracted
(Continued on page 8)
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level water efficiency, had the actual water
deliveries been as planned. However, an
average of approximately 14 percent more
water was delivered, resulting in a RWS
Actual (RWSA), at the level of the main
canal, of approximately 1.86, suggesting
an expected technical water efficiency of 54 per-
cent. Thus, the farmers, on average, are
managing the available water supply
somewhat less intensively than anticipated
by the CNA. The RWSA at the level of the
field—the location at which the individual
farmers receive water—is substantially
lower, however, as will be shown in a later
section.

Figure 5 shows the actual planted area
as a function of actual deliveries. As can
be seen, there is much greater variation (r2

= 0.16), suggesting that there has been
much less control than implied by the plan-
ning data. Removing the data for 1992,10

showing the area irrigated larger (105,858
ha) than the nominal command area, in-
creases the correlation coefficient to 0.55.
This was a year of substantial rainfall.

2. How well is the proportional water al-
location rule implemented by the mod-
ules and the farmers?

While the concession to the modules
defines the proportion of the available
supply allocated to each module, the wa-
ter rights of the individual users are only
implicitly defined on the same basis. The
degree to which this basic equity rule is
maintained is evaluated in the succeeding
sections.

As indicated earlier, the unidades
were the former major subunits of the dis-
trict. Even though the basic units under
the transfer program have become the
modules, the unidades have been retained
for reporting purposes. Table 1 indicates
the average allocation for the unidades
and the standard deviation for those allo-
cations, for the 5 years previous to trans-
fer, and for the 2 years after transfer. As
can be noted, more water is being supplied after
transfer (13.8%) with essentially no change
in variability in delivery; the respective av-
erage standard deviations are 2.64 and
2.46. It should be remembered, however,
that the period after transfer has been char-
acterized by severe droughts, which could
explain the increased deliveries. Table 2
provides before and after transfer data for
2 years by individual unidades.11

Two of the unidades consistently re-
ceived less than the average for the dis-
trict. In the case of Unidad San Jacinto, lo-
cated adjacent to the Naza River, a number
of the users pump (without formal autho-
rization) directly from the river, in addition
to the canal supply, and thus the total
supply is more than the nominal amount
indicated in the table. The Unidad
Tlahualilo was the first to be transferred to
the users, at which time it participated in
the Programa de Desarrollo Interparcelario (Pro-
gram of Inter-Parcel Development). Under
this program. Almost all the channels were
lined and almost all the fields were lev-
eled. In addition, the irrigated area is rela-

FIGURE 5.
Actual area planted v. water delivered.
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from the soil profile as
measured by gravimet-
ric moisture sampling
in 12 locations in each of
the two modulos. The
CROPWAT estimate
was used in determin-
ing RWSP, to permit
comparison with other
studies.
8Technical water effi-
ciency is defined as the
ratio of the water re-
quired for potential
evapotranspiration to
that delivered. It is dif-
ferentiated from eco-
nomic water efficiency.
9As will be detailed in
a later section, with the
same volumetric water
right different crops are
allocated different
sizes of irrigated area
in proportion to their
customary number of
irrigations. To evaluate
the water allocation
policy, the areas of each
crop were converted to
the cotton equivalent,
based on the water ac-
tually delivered.
101992 was a very high
rainfall year (in which
the reservoir spilled
significantly), and less
irrigation was required.
11We recognize that this
is a weak comparison,
but the short time sub-
sequent to transfer pre-
vents a more definitive
evaluation.
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ter supplied by the CNA, modules manage
the water distribution among the users,
both with respect to amount and timing.
Although the transfer process used in
Mexico is generally the same for all dis-
tricts, there is significant variation in the
methods used by the Hydraulic Commit-
tees to determine the water allocation and
timing of delivery among the transferred
units. In District 017, the committee as-
sumes that irrigation must supply essen-
tially all the water to produce the crop. To
maintain the proportional allocation of water to the
individual users, the area approved for planting for
specified types of crops is used as the proxy for the
appropriate volume.

The area allocated for each crop is de-
termined by assuming that each irrigation will
be of the same nominal12 volume per hect-
are (30 cm gross per irrigation), irrespec-
tive of the crop, and that different numbers
of irrigations are appropriate for the differ-
ent crops.13 Thus, to maintain the water
proportionality rule, those crops that re-
quire more irrigations are allocated a
smaller area. Table 3 shows the propor-
tional area allocation for each crop, and
the nominal total water allocation. As can
be noted, there is a difference between the
water allocations for the beans and corn-
forage and those for corn-grain and veg-
etables of about 4 percent, but this is well
within the precision with which deliveries
can be made.

In individual years, there are modest
deviations from this policy in the actual
planning. For example, the relative alloca-
tions for the same crops in the district ir-
rigation plan for 1994-95 are shown in
table 4. Similar irrigation plans are pre-
pared by the modules. The plans for Mod-
ules V and XII are illustrated in tables 5
and 6, respectively.

The amounts planned at the module
level are essentially the same as those at

TABLE 1.
Average volume of water delivered/ha at the unidad level.

Year Avg. vol. (1,000 m3) Standard deviation

PRE-TRANSFER

1992 16.307 3.51
1989 12.396 1.52
1988 11.440 1.53
1987 14.284 2.49
1984 13.549 3.92
1983 12.467 1.77
Avg. 13.407 2.46

POST-TRANSFER

1994 14.350 2.58
1993 16.161 2.70
Avg. 15.255 2.64

TABLE 2.
Annual volume/ha in D.R. 017, by unidades.

Location Volume/ha (1,000 m3) Difference from average

PRE-TRANSFER—1989
San Pedro 13.53 1.14
Madero 13.79 1.39
Matamoros 11.44 -0.95
Tlahualil 12.15 -0.25
Jerusalem 13.83 1.43
San Jacinto 9.63 -2.76
Average 12.40

STD 1.52

POST-TRANSFER—1994

San Pedro 14.09 -0.26
Madero 17.18 2.83
Matamoros 16.49 2.14
Tlahualil 10.20 -4.15
Jerusalem 16.31 1.96
San Jacinto 11.83 -2.52

Average 14.35

STD 2.58

tively compact. This combination permits
the water to be used more efficiently, and
this is reflected in the water allocations —
an example of some degree of fine-tuning
of system management to the local condi-
tions.

As indicated earlier, the modules are
the basic operating units under the trans-
fer program. Within the constraints of the wa-

12The nominal depth of
irrigation includes the
anticipated losses in
conveyance as well as
accommodation to
nonuniformity of appli-
cation.
13In the Lagunera area,
as a result of the low
probability of rainfall,
there is a basic assump-
(Continued on page 10)
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the district level, with the exception of
beans for which the planned allocations
are approximately 29 and 7 percent less
for Modules V and XII, respectively. These
changes appear to reflect the relative value
of the crops as well as their actual field
needs. This latter can be seen in the RWSA
values at the farm level, presented in the
following sections.

3. How equitable is the distribution of
water between head and tail users?

The magnitude of relative water supply
(RWS) at the field level indicates the degree
of water stress (the higher the RWS the
lower the stress) to which the users’ fields are
subjected, and the uniformity of RWS among
the users reflects the ability of the system
to provide equitable water service (recog-
nizing that the equity policy is equality of
water allocation for each user right).

TABLE 3.
District crop area allocation, number of irrigations and equivalent
water allocation policy.

Crop Irrigations Area allocated Water allocation
volume (1,000 m3)

Beans 1 preplant; 2 auxil. 1.6* 14.4

Corn-forage 1 preplant; 3 auxil. 1.2 14.4

Corn-grain 1 preplant; 4 auxil. 1.0 15.0

Vegetables 1 preplant; 4 auxil. 1.0 15.0

*auxil. = auxiliary.

TABLE 5.
Planned crop water allocations in Modulo V of District 017.

Crop Area Planned allocation Planned Total volume Actual allocation
planned (ha) per water right allocation per ha supplied per ha

(1,000 m3)  (1,000 m3)   (1,000 m3)  (1,000 m3)

Beans 46 12.0 7.5 345 7.5

Corn-forage 2,735 14.7 12.3 33,640 12.3

Vegetables and
corn-grain 55 12.3 12.3 676 12.3

TABLE 6.
Planned crop water allocations in Modulo XII of District 017.

Crop Area Planned allocation Planned Total volume Actual allocation
planned (ha) per water right allocation per ha supplied1 per ha

(1,000  m3) (1,000 m3) (1,000 m3) (1,000 m3)

Beans 1,763 15.8 9.99 17,453 9.8

Corn-forage 1,186 15.3 12.8 15,182 12.8

Vegetables and
corn-grain 540 15.6 15.6 8,424 15.8

1Data on total volume supplied are from modulo records. Actual water allocation per hectare is calculated from
total volume and area planned.

TABLE 4.
Planned crop water allocations—1994-95, D.R. 017.

Crop Unit area allocated Water allocation
volume (1,000 m3)

Beans 1.6 17

Corn-forage 1.2 13

Corn-grain 1.0 15.5

Vegetables 1.0 15.3

Source: Annual Irrigation Plan 1994-95, CNA, Lerdo, Edo. Durango

tion that all of the crop
water requirement
must be met by irriga-
tion. Thus, the irriga-
tion planning limits the
area to be planted to
ensure the irrigation re-
quirement will be met.
This approach is not
taken in areas with
higher probabilities of
rainfall in Mexico.
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Table 7 contains the planned and ac-
tual RWS values for the major crops for
Modules V and XII. As can be seen, in the
modules actual RWS values are 11 percent
and 20 percent lower than planned, using
the CNA estimated values, and 3 percent
and 9 percent lower using CROPWAT.
This appears to reflect the recognized
overplanting, coupled with underestima-
tion of the losses in transmission and/or
additional nonauthorized planted area.
However, the consistency of RWSA, ap-
proximately 20 percent of the average, irre-
spective of the planned irrigation, suggests
that local management decisions are being
made that effectively equalize the manage-
ment stress for irrigating the different
crops. These decisions are implemented by
varying the time allocated to the different
locations and crops, to adequately meet
the water needs (as evidenced by visual

observations in the field). This time of irri-
gation is determined by the canalero, with
more or less influence from the farmers.

These RWSA values are surprisingly
low, in comparison to systems in Asia
with a similar management pattern, e.g., (1)
water measurement primarily at the pri-
mary channel level, (2) semiformal timings
of irrigation duration, and (3) opportuni-
ties for the water users to influence farm
deliveries. In these situations, RWSA val-
ues of 2–2.5 would be customary.

It is additionally surprising since the
combination of area allocations for water,
a water tariff based only indirectly on vol-
ume, and the opportunity for obtaining ad-
ditional water through informal arrange-
ments with the canalero, provide few, if
any, incentives for more efficient use of the
water, other than those for the canalero,
who would have more water to accommo-
date special requests (for which he might
receive additional compensation.). One ex-
planation is that, by contrast to humid
Asia, the critical dependence on irrigation
in Lagunera results in more careful over-
sight on the part of the users, to ensure
they receive their fair share.

4. How equitable is the distribution of
water between ejiditarios and pequeño
propietarios?

Table 8 presents the RWS for the
ejiditarios and pequeños propietarios at the
head and tail locations. These data indi-
cate that, on average, the private farmers
receive approximately 8 percent more than
the ejido farmers, but this does not appear
to be a significant delivery bias. Given the
disparity in economic power between the
ejiditarios and the pequeño propietarios,
this is somewhat surprising. However,
with the exception of cotton, it appears as
if the crops irrigated from the surface wa-
ter represent a relatively small fraction of

TABLE 7.
Planned and actual relative water supply, by crops.

Crop RWS planned RWS planned RWS actual
(ET estimated) (CROPWAT) (CROPWAT)

MODULE V

Corn 1.89 1.46 1.65

Corn 1.89 1.48 1.53

Cotton 1.56 1.35 1.45

Cotton 1.50 1.38 1.31

Sorghum 1.70 1.68 1.52

Sorghum 1.70 1.68 1.95

Sorghum (Industrial)

Average 1.70 1.98 1.29

1.71 1.57 1.52

MODULE XII

Beans 1.90 1.86 1.13

Beans 1.90 1.47 1.48

Corn 2.38 1.81 1.47

Sorghum 1.77 1.77 1.75

Sorghum 1.77 1.52 1.53

Sorghum (Industrial) 1.34 1.35 1.53

Average 1.84 1.63 1.48
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the total income for the private sector us-
ers, most of whom utilize groundwater for
their more valuable crops.14 This is espe-
cially true of alfalfa for dairy forage. The
surface water generally is not used to irri-
gate alfalfa because of a crown rot problem
resulting from the use of surface water.

The data show that the often-encoun-
tered tail deficit is not evident here. The
system delivers approximately 9 percent
more water to the tail sections than the
head sections, in terms of the actual needs
of the crops. The data also suggest that, to
fully meet the crop needs, they would have
to have a utilization efficiency15 of at least
70 percent.

5. What are the system and field-level
water efficiencies?

Table 9 presents the utilization effi-
ciency for the various crops for Modules V
and XII. These data show that most of the
areas have achieved the necessary utiliza-
tion efficiency. There is no apparent pat-
tern to the variation in utilization effi-
ciency, not surprising since there was no
significant head/tail or ownership-type
bias in water delivery to the fields.

Table 10 shows the water extracted
from the soil profile at the upper quarter
and lower quarter of the individual fields,
identified by location, ownership type, and
crop. Again, there was no consistent pat-
tern to the variation, in relation to location
or ownership type. In all cases, the water
removed at the upper end of the fields was
higher than that of the lower, by approxi-
mately 25 percent. This, coupled with the
average utilization efficiencies cited earlier
suggests that some of the crops in the
lower parts of the fields will have had a
degree of water stress greater than implied
by the average utilization data. This is re-
flected in somewhat lower yields, as
shown in table 11.

As described in the methodology sec-
tion, the water extracted from the soil pro-
file was determined by gravimetrically
measuring the soil moisture in the profile
to a depth of 1.2 m, before and after
each irrigation. The sum of the water ex-
tracted from the profile, in general, ex-
ceeded the evapotranspiration calculated
using CROPWAT by approximately 10
percent.

This difference is very probably due to
the oasis effect resulting from the dis-
persed nature of the irrigated parcels, with
significant opportunities for advective en-
ergy to increase the evapotranspiration.
This is supported by the lower yields as-

TABLE 8.
Relative water supplies as a function of location and form of owner-
ship.

Location Ejido Pequeño propietarios

MODULE V

Head 1.47 1.48

Tail 1.53 1.63

MODULE XII

Head 1.3 1.5

Tail 1.5 1.7

TABLE 9.
Utilization efficiency in Modulos V and XII.

Crop Efficiency

MODULO V

Corn 0.62

Cotton 0.72

Sorghum 0.68

MODULO XII

Beans 0.77

Corn 0.68

Sorghum 0.62

14Field reports indicate
surface water repre-
sents only one-quarter
of the total water used
by the pequeños
propietarios, but three-
quarters of the supply
of the ejiditarios.
15Utilization efficiency
is defined as the ratio
of water used for ac-
tual evapotranspira-
tion, in this case esti-
mated by CROPWAT,
to water entering the
soil profile. Where there
is no surface runoff, it
would be mathemati-
cally equivalent to field
application efficiency.
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TABLE 10.
Variation in water distribution.

Location Ownership Crop Water from soil Water from soil % difference
profile upper (cm) profile lower (cm)

MODULE V

Pequeño
propietarios Sorghum 91.6 73.0 20.3

Head Cotton 111.5 93.1 16.5

Ejido Corn 120.5 93.5 22.4

Sorghum
(Industrial) 125.4 89.5 28.6

Pequeño
propietarios Sorghum 125.4 89.5 28.6

Tail Cotton 100.5 84.5 15.9

Ejido Corn 108.8 81.5 25.1

MODULE XII

Pequeño
propietarios Sorghum 105.8 88.6 16.2

Head Ejido Corn 115.8 84.2 27.2

Beans 58.8 48.6 17.3

Pequeño
propietarios Beans 78.5 56.7 27.8

Tail Ejido Sorghum 102.2 86.5 15.4

Sorghum
(Industrial) 101.3 76.3 24.7

TABLE 11.
Average yields.

Location Crop Within-parcela Parcela Modulo District
difference average average average

lower/upper (%) (t/ha) (t/ha) (t/ha)

MODULE V

Head Corn-forage 90.5 20* 46.8 41.6

Cotton 93.9 3.2 3.12 2.8

Sorghum 90.5 60 49.3 40.8

Sorghum
(Industrial) 83.1 6.5 4.0 3.7

Tail Corn-forage 87.5 30 46.8 41.6

Cotton 97.2 3.6 3.12 2.8

Sorghum 96.2 47 49.3 40.8

MODULE XII

Head Beans 77.1 1.55 1.47 1.2

Corn-grain 91.7 4.6 4.5 3.8

Sorghum 94.4 70 50.1 40.8

Tail Beans 71.4 1.8 1.47 1.2

Sorghum 96.4 55 50.1 40.8

Sorghum
(Industrial) 96.8 6.2 5.57 3.7

*This crop was a grain variety harvested for forage; hence the relatively low yield.
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sociated with the lower parts of the fields,
which had lower values for water ex-
tracted.

To evaluate the possibility that a salin-
ity differential might account for the yield
differences between the upper and lower
parts of the fields, measurements of salin-
ity in the profile were made.16 These stud-
ies revealed no significant salinity prob-
lems associated with the different locations
within the parcelas.

6. What are the opportunities for improv-
ing system productivity?

The uniformity of delivery of the wa-
ter, locationally and to the different types
of users, coupled with the low relative wa-
ter supplies suggests that there are rela-
tively modest opportunities to improve the
delivery performance of the irrigation sys-

tem. However, the variation in water distri-
bution within the fields and the resultant
variation in yield suggest that some im-
provement in productivity can occur with
improved on-farm irrigation distribution.
This might necessitate improved land-lev-
eling, and/or different application meth-
ods, e.g., cutback streams, surge irrigation,
etc. Increased productivity can also result if more
valuable crops can be grown and marketed, and this
might be the most effective approach.

The difference in RWS at the reservoir
and the field levels suggests that there
may be opportunities to improve convey-
ance efficiency. However, this might ad-
versely affect recharge to the groundwater.
From another perspective, it is possible
that the conveyance losses are overesti-
mated, and this provides a source of wa-
ter for unauthorized areas.

Conclusions

As indicated in the introduction, the
changing climatic and economic environ-
ments during the period following transfer
prevent a definitive statement about the
performance of the transferred units rela-
tive to the situation prior to transfer. How-
ever, there does not appear to be any sig-
nificant change in the hydraulic perfor-
mance of the system. The area served/unit
of available water appears to fit the pattern
that existed prior to transfer; unfortunately,
there are no prior field measurements of
head-tail, private producer-ejido equity
with which to compare.

The specific conclusions from the
study are:

1. Data suggest that even during a period
that might be considered a transition/
learning time in the transfer process,

the combination of CNA and trans-
ferred modules has been generally
successful in managing their water
operations, though more water was
supplied to the modules than before
transfer.

2. The consistent agreement in planning
at the district and module levels, and
the agreement with the water alloca-
tion policy expressed in the water law
indicate that the policy is taken seri-
ously, in planning. It also is probable
that the CNA has retained a relatively
high degree of influence in planning at
the module level.

3. The fact that this same consistency in
proportional water allocation is found
at the level of the field suggests that the
management can and does implement

16We are indebted to the
OSTROM team cur-
rently conducting re-
search at the INIFAP
CENID-RASPA for car-
rying out the salinity
measurements.
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the policies, though not necessarily with
the amounts indicated in the plans.

4. The similarity of RWSA values by
crops, suggests either that control of
water delivery is effectively in the
hands of the canalero, i.e., the module
management, or there is an unusual
degree of inter-user collaboration. The
pattern of management of water deliv-
ery, where water flow rates are estimated
rather than measured, and where there is
considerable opportunity for the users
to take more than their allotted time, is
impressive, as greater discrepancies
could easily occur.

5. The lack of the head/tail problem that
is characteristic of many surface irriga-
tion systems, is additional testimony to
the effectiveness of module water man-
agement. Different time allocations are
used to compensate for water losses in
the distributary channels, reflecting a

surprising degree of tuning of the man-
agement to field conditions.

6. Similarly, the relative uniformity of
RWSA among the different types of
users suggests that either there is suf-
ficient discipline in the system to pre-
vent significant influence resulting
from economic power, or, perhaps more
likely, a lack of incentive on the part of
the private owners to use that power
to obtain more surface water.

7. To achieve higher overall system effi-
ciencies would require additional in-
centives for saving water—incentives
to the farmers and to the canaleros—
to compensate for the additional man-
agement effort. Increased system effi-
ciency, however, may not result in an
increase in basin-level water efficiency
due to the recovery of deep percolation
through the extensive pumping of
groundwater.
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