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ABSTRACT 

In arid lands, wetland loss is the result not only of the scarcity of water itself, but of the 

management of water to maximize off-stream uses. Declaring a wetland as a protected 

natural area is not enough when its water supply is not protected as well. In a fully-

diverted, over-allocated, drought-prone Colorado River ecosystem, its delta has no 

instream flows allocated. Water use efficiency (WUE) is touted as the panacea for water 

shortages and lack of instream flows. I evaluated the relationships between water use in 

the Mexicali Irrigation District and the water supply for the Colorado River delta 

wetlands. The survey applied to 521 farmers complemented the GIS analysis to create a 

spatial distribution of agronomic and socio-economic factors influencing farmers’ options 

to improve WUE in irrigation. Mexicali farmers apply 10,496 m3/ha/yr; 4% higher than 

the legal allotment. Still, 28% of the district’s soils are salt-affected (ECe>8dS/m), 19% 

are sodic (ESP>50%), and 39% of the salt load in irrigation water accumulates in the 

soils. Thus, Mexicali farmers apply more water than plants need in order to maintain the 

sustainability of their soils. From an agronomic perspective, increasing WUE is feasible 

in 80% of the valley. However, high costs and lack of technical knowledge limit farmers’ 

options to either continue using as much water as they do now or rent/sell their water 

rights to larger farming operations or urban developments.  

 

Mexicali’s agriculture provides 87 Mm3 of water to the delta marshes, and seepage from 

unlined canals and subsurface flows generated by irrigation contribute to sustain riparian 

areas. Agricultural “inefficiencies” become the main source of water for wetlands when 
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flows are fully diverted. The Irrigation District 014 is an integral part of the delta 

ecosystem; this is a required change in the agriculture-wetland paradigm. The restoration 

of arid and over-allocated rivers requires the integration of irrigation practices and WUE 

with the allocation of water for instream flows. The restoration of wetlands of 

international watersheds like the Colorado River requires the bi-national collaboration 

beyond memorandums of understanding between the countries; treaties where 

environmental flows are actually allocated will better serve shared ecosystems.  
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INTRODUCTION 

The Problem and its Context 

Wetlands’ Trends and Threats 

The role of wetlands in supporting the world’s biological diversity is that of a life-support 

system, indispensable and irreplaceable. Nevertheless, the wetland loss is estimated at 

50% in the past 100 years worldwide (Barbier et al. 1994, Ramsar 1998). According to 

the Ramsar Convention on Wetlands of International Importance (1998), “the direct 

causes of wetland loss often result from a combination of ignorance, social and economic 

forces, and political decisions.” As the temporal variations of water supply and water 

quality define the ecological character of any wetland (Ramsar 2004), human-caused 

disruptions of the hydrological patterns interfere with the ecological processes that are 

essential to sustained wetland health. Water depletion is perhaps the most drastic 

hydrological-alteration scenario, especially if the wetland is located in an arid zone. In 

arid lands, wetland loss may be caused not only by the scarcity of water itself, but by the 

institutional framework in which management of this precious resource occurs. In many 

watersheds, water is allocated almost entirely to extractive uses and diverted out of the 

ecosystem. A more sustainable approach to river flows management is aimed at 

maintaining the potential of the ecosystem to keep the hydrological processes capable of 

meeting the needs of future generations while providing the maximum benefits attainable 

for the present generations (Barbier et al. 1994).  
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Under this principle, the World Bank (2003), the World Conservation Union-IUCN 

(2003), and the Ramsar Convention (2002, 2004) agree that there is a need for allocating 

environmental flows to sustain threatened wetlands around the world. According to 

IUCN (2003) “an environmental flow is the water regime provided within a river, 

wetland or coastal zone to maintain ecosystems and their benefits where there are 

competing water uses and where flows are regulated.” The reasoning behind 

environmental flows is that “the long-term absence of environmental flows puts at risk 

the very existence of dependent ecosystems, and therefore the lives, livelihood and 

security of downstream communities” (Dyson et al. 2003).  

 

Wetlands in the delta of the Colorado River  

The Colorado River delta in Mexico is one of the world’s great desert estuaries (Glenn et 

al. 2001a). Its 170,000 hectares of natural riparian, brackish, and inter-tidal areas (Glenn 

et al. 2001b) are considered the most important wetland ecosystem of the Sonoran Desert; 

albeit the most threatened. The delta has the most extensive area of the Colorado River’s 

native habitat types; the riparian area is 2.5 greater than anywhere else in the lower basin 

(Glenn et al., 2001b). Current management of Colorado River flows has drastically 

deteriorated the ecological status of natural areas in the lower basin and in the delta 

(Ohmart et al. 1988). The reduction of river flows and over-bank flooding in Mexico has 

caused the ecological degradation of the delta ecosystem. The environmental impacts of 

the disruption of the natural flow regime include: the fragmentation of the riparian 

corridor, the widespread dominance of invasive, non-native plants, such as salt cedar 
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(Tamarix ramosissima) (Glenn et al. 2001b), the desiccation of nearly 75% of the 

wetlands (Valdes-Casillas et al. 1998), and the accumulation of salts in the soil. For the 

delta ecosystem, the “taming” of the Colorado River meant not only the development of 

highly populated urban areas and extensive agriculture (Lopez-Zamora 1978), but also 

the loss of biodiversity (Hinojosa-Huerta et al. 2008).  

 

Although each ecosystem type has its own spectrum of resiliency to external impacts, 

wetland ecosystems are especially sensitive to alterations in their hydrological regime. 

Nevertheless, the resilience of this ecosystem has been proven by the occasional excess 

flows in recent years that have resulted in some regeneration of riparian habitat types 

within the delta floodplain (Glenn et al. 2001a). Since 1982, above average annual flows 

generated during El Niño meteorological events (ENSO), have been allowed to flow into 

the Upper Gulf of California (Glenn 2001b). Thus, the delta ecosystem benefited from 

those excess flows that upstream reservoirs were incapable of holding. However, 

competition for water in this arid region is exacerbated by the fact that the demand for 

water keeps increasing. 

 

Under the current river management regime, where the Colorado River flows are already 

over-allocated (Barnett and Pierce 2009), the environmental values of water are not 

protected. The continuously increasing consumptive demands for water within and 

outside of the basin compete with the environmental needs for instream flows. The 

drought conditions all over the watershed will aggravate this competition (Meko et al. 
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1995, Pitt, 2001, Barnett and Pierce 2009). Consequently, the remnant wetlands in this 

desert delta are at risk. The growing scientific documentation of the importance of the 

delta ecosystem for biodiversity has not been enough to secure its full protection or the 

permanence of its water supply. To restore the delta, a minimum of instream flows will 

need to be allocated to sustain ecosystem functions. In a fully-diverted, over-allocated, 

drought-prone Colorado River system, allocating instream flows will necessarily mean 

the reduction of water diversions and extractions. In the case of the Colorado River delta, 

a major challenge for wetland restoration is finding sources for environmental flows.  

 

Water Scarcity in the Colorado River Basin 

Approximately 70% of the worlds’ available freshwater is withdrawn from rivers and 

aquifers to irrigate crops (FAO 2002). This same pattern occurs in Mexico, where 

agriculture accounts for 77% of freshwater withdrawals (Conagua 2008a). Being one of 

the most important rivers in North America, the Colorado is a fully diverted river, 

primarily for agriculture (78%, Anderson 2002). Flows of the Colorado River are 

considered to be over-allocated in the sense that the mean annual average flow is 

estimated to be 16.5 million acre-feet (MAF), while the allocated volume is 18.5 MAF 

(Pitt, 2001). Tree-ring studies however, have shown that the mean annual river flows are 

14.08 MAF (17,367.42427 Mm3) (Meko et al. 1995, Barnett and Pierce 2009). Mexico’s 

entitlement to the river’s flows is stated as 1,850.234 million cubic meters (Mm3), 

equivalent to 1.5 MAF. 
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John Wesley Power foresaw the importance of water in the arid region where the 

Colorado River watershed is when he declared that "The ultimate value of the western 

territories will be measured in terms of acre-feet (Stegner 1959)." This statement holds 

true in the Colorado River delta, where, due to the scarcity of water, life is in fact 

measured and valued in cubic meters. Being an over-allocated river, water is the most 

valuable asset in the watershed. In Mexicali, the value of the land is determined by the 

amount of water it has allotted, which is measured in the total hectares of land with water 

rights.  

 

The Colorado River sustains its southernmost agricultural development in the upper 

portion of its delta in Mexico. Also known as the Mexicali Agricultural Valley, it is 

located between the Mexican states of Sonora and Baja California. Nearly 208,000 

hectares of irrigated farmland in the valley (CONAGUA 2008c), mostly irrigated with 

Colorado River flows (70%) and the rest depend on deep wells for water supply 

(calculated from CONAGUA 2008c). Existing water uses are being confronted with the 

need to work with higher efficiency rates. As 88% of México’s allotment of the Colorado 

River is used in the Mexicali Agricultural Valley (MAV) (calculated from CONAGUA 

2006), municipal governments are seeking the transfer of water from agriculture to 

support urban growth and industrial development both in and out of the delta 

(CONAGUA 2006a).  
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Water scarcity places the burden of water conservation on the agricultural sector, as 

irrigated agriculture is the biggest consumer of the resource. There is no dispute that new 

irrigation technologies could increase the efficiency in water use in agriculture. However, 

the suitability of each irrigation technology depends on crop, water quality and physical 

conditions of the field, such as drainage, slope, and soil characteristics. Modern irrigation 

technology may not be “superior” to gravity irrigation in all circumstances (Caswell and 

Zilberman, 1985) as farmers would also need to evaluate the relative profitability of 

production under each of the suitable irrigation technologies (Schuck and Green, 2001).  

Also, increased efficiency may not always result in water conservation or increased water 

availability for other uses (Whittlesey 2003). Though difficult as it is to change patterns 

in water use, “the question is not whether environmental flows can be afforded, but 

whether and for how long a society can afford not to provide environmental flows (Dyson 

2003).” 

 

This Dissertation  

Purpose 

The delta ecosystem is intrinsically linked to the subsurface flow that currently sustains 

the wetlands and riparian corridor. Without this, the recovery of some natural areas that 

has occurred in the delta floodplain during wet years could be lost (Nagler et al. 2006). In 

addition, any desired restoration of degraded ecological functions is dependant upon the 

likelihood of securing instream flow allocations beyond accidental surface flows.  
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The delta ecosystem survives in a highly contended water market whose conditions will 

be worsened. The traditional ecological approach by itself has not been enough to revert 

the trend of wetland degradation in the delta; under increased water scarcity conditions, 

an ecological-economic framework is required given the economic-environmental 

linkages that exist between Mexicali’s agriculture and the delta wetlands. In the search 

for additional water resources for the restoration of degraded ecological functions, it 

becomes critical to understand the relationship between the agricultural use of water and 

the survival of the riparian and marsh wetlands of the Colorado River delta. To better 

understand these complex and interrelated issues, this dissertation’s aim is to provide a 

better understanding of the interrelationship between the agricultural use of water in the 

Irrigation District 01-Rio Colorado and the supply of water to the different wetland 

habitat types in the Colorado River delta.  

 

Format 

This dissertation is divided in three themes presented as individual appended manuscripts 

(Appendices A, B, and C). The manuscripts describe the research objectives, 

methodology, results, discussion and conclusions pertaining to each research theme. Co-

authors included helped thru discussions to improve the analysis made and did 

manuscript revisions (Appendices B and C), and taught me how to estimate 

evapotranspiration of vegetated areas using Modis’ images and estimate the ecosystem’s 

water balance (Appendix C). The design of this research, the data collection, analysis, 
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and writing are all my responsibility, thus this dissertation is the result of my own 

original and independent research and work. 

 

Appendix A analyzes current patterns in water use of Mexico’s entitlement to Colorado 

River flows. Its objectives are: 1) to evaluate how the institutional water management 

framework influences water use in Mexicali’s agriculture and 2) to analyze the spatial 

variability of water-use in this irrigation district.  

 

Appendix B analyzes the potential to improve water use efficiency in the Mexicali 

Agricultural Valley. Its objectives are to determine: 1) to what extent Mexicali farmers 

are applying more water than needed during irrigations, 2) which factors may limit 

farmers’ capabilities to improve their WUE, and 3) which areas of the irrigation district 

may have a higher potential for farmers to achieve higher WUE rates, considering local 

agronomic and socio-economic conditions.  

 

Appendix C evaluates how the current and potential changes in water use of Mexico’s 

allocation of Colorado River could impact the freshwater and marsh wetlands of the delta 

ecosystem. Its objectives are: 1) to analyze the framework that defines the nature of the 

relationship between wetlands, water, and agriculture in Mexico and 2) to evaluate the 

main sources of water currently available to the Colorado River delta wetlands and their 

link to the water use in Mexico’s Irrigation District 014-Rio Colorado.  
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PRESENT STUDY 

The methods, results, and conclusions of this study are presented in the papers appended 

to this dissertation. The following is a summary of the most important findings in this 

document.  

 

Study Area 

In the arid Northwest of Mexico, the Colorado River sustains its southernmost 

agricultural development in the upper portion of its delta (Figure 1). The northern 

boundary of the Irrigation District 014-Rio Colorado is the international border between 

Mexico and the US; 89 km in the Baja California Norte (MX)-California (US) border 

region and 3.3 km in the Sonora (MX)-Arizona (US) border region. To the south, lie the 

coastal estuaries of the northern portion of the Gulf of California. The fields of this 

agricultural valley spread across the borders of the Mexican States of Sonora and Baja 

California Norte. Surrounded by Mexico’s driest desert, the Sonoran Desert (East), and 

the coastal desert of the Baja California Peninsula (West), the Colorado River meandered 

and deposited fertile sediments before reaching the sea. In between the levees that protect 

Mexicali’s agricultural valley are the river and its associated wetlands (Figure 1). On the 

eastern margin of the river floodplain, farmers cultivate 27,980 hectares (69,140 acres) 

that lie within the Municipality of San Luis Rio Colorado, Sonora. On the western margin 

there are 180,280 cultivated hectares (445,482 acres) within the Municipality of Mexicali, 

Baja California Norte (Conagua, 2008c).  
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Figure 1. The Irrigation District 014-Rio Colorado with its 22 irrigation modules, the 
Colorado River delta wetlands and the distribution of parcels included in the GIS from 
the farmers’ survey. 
 

Methods 

Institutional Framework Assessment 

The assessment of water use efficiency in the Mexicali Agricultural Valley analyzed the 

institutional framework in which Colorado River flows are managed in Mexico. This is 

based on field interviews with federal and local water managers. Raw data on water 

allocation and distribution made available for this study by CONAGUA’s office of the 

Irrigation District 014 were used to calculate descriptive statistics on water use in 

Mexicali’s agriculture and create a characterization of the irrigation district and a profile 

of the farmers in the district.  
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Stakeholders’ Perceptions  

The institutional assessment is complemented with three surveys to different 

stakeholders. The first survey was applied to water managers of the 22 irrigation modules 

in which the district is divided and consisted of 10 questions. The second survey is part of 

an extended research project guided by a 3-part questionnaire that had 28 questions in 

total and in which 521 Mexicali farmers participated (October 2007-December 2008). 

This survey consisted of a census-type interviewing of farmers attending the irrigation 

modules’ bi-annual meetings. Contacting farmers in person was the only viable option as 

the district does not have farmers’ contact information. In each module, at least 85% of 

farmers attending were asked to participate, only 12 declined. Given the high rates 

temporary transfers of water rights in the modules (Carrillo-Guerrero 2009b), few 

farmers participate in these meetings. Although every water right holder is expected to 

attend, the participants per module ranged between 12-35 farmers per module. The third 

survey was applied to environmental and social scientists and personnel from advocacy 

organizations participated in a Colorado River Delta Workshop in February 2007. Most 

attendees agreed to participate in the survey (30/33). This consisted of a self-administered 

questionnaire consisting of 8 questions and carried out prior to the beginning of the 

workshop. It had 3 work-related questions and 5 questions about their perceptions on the 

delta wetlands and Mexicali’s agriculture.  
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Spatial Analysis 

The spatial analysis of water use in this irrigation district required the development of a 

Geographic Information System which was done using ESRI’s ArcGIS 9.2 software. The 

geographic information provided by CONAGUA in Autocad v. 18, was exported as 

individual layers to ArcGIS 9.2. CONAGUA’s information consisted of the polygon 

features of the 22 irrigation modules, the polygon features of the ejidos, colonias and 

parcels within the irrigation district, and the poly-line features corresponding to the canal 

and drainage networks. Using the information provided by Conagua on water use by 

irrigation module (excel database and Autocad file), the district’s inflows and outflows 

(excel database), canal and drainage network (Autocad file), and location of agricultural 

wells (latitude/longitude coordinates in an excel file), I created a spatial representation of 

water use and drainage flow direction relative to the wetlands. The different wetland 

areas within the Colorado River delta were digitized over a 1983 TM satellite image and 

added as a layer to the GIS.  

 

The spatial information on farmers’ water use at the parcel level, acquired thru the 2nd 

survey was also added to the GIS. As 75% of the farmers’ interviewed provided 

information on the location of their parcels (391/521), these were added to the GIS along 

with the survey’s database. A five-neighbor Inverse Distance Weighting (IDW) (Babak 

2009) interpolation was done with the farmers’ responses for each of the questions 

analyzed in the three appendices. The purpose was to generate a spatial representation of 
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the variability or invariability of their responses on irrigation practices, water use and 

environmental views and their relative location to the wetland areas.  

 

The average zonal evapotranspiration was estimated using the Enhanced Vegetation 

Index (EVI) from the Moderate Resolution Imaging Spectrometer sensor (MODIS) and 

the reference evapotranspiration (Penman-Monteith estimated ETo) published by the 

Arizona Metereological Service for the Yuma Valley station (AZMET). The boundaries 

of the irrigation modules were used to delimit the agricultural zones to account for the 

variability in water management and use among them. The information on the vegetation 

index EVI contained in Modis satellite images was used to estimate the average annual 

evapotranspiration of crops in this agricultural valley and for the different wetlands areas 

studied. Following the methodology developed by Nagler, et al. (2005 and 2008) to 

estimate evapotranspiration from vegetation cover using Modis satellite images, I 

estimated the average annual evapotranspiration of the irrigation modules and the 

wetlands using zonal statistics. 

 

Water Use in the Irrigation District 014-Rio Colorado 

The total water available in the district varies accordingly to the US-to-Mexico Colorado 

River deliveries; usually 87% of the available volume is consumed by agriculture, 10% is 

consumed in cities, 3% is used by industries. The programmed water supply of the 

district for all users is 2,747.594 million cubic meters (2.22 million acre-feet), 69% of 

this volume is Mexico’s entitlement to Colorado River flows, 25% of the district’s water 
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supply is withdrawn from Mexicali’s aquifer in the agricultural valley, and the rest is 

withdrawn from the wells located in the Mesa Arenosa de San Luis (CONAGUA, 

2006a).  

 

Results from the interviews with water managers of each irrigation module showed that 

private transfers and public agreements between individuals, modules or between a 

module and the water bank are common. The president or the manager of each irrigation 

module has to authorize all incoming and outgoing transfers, temporary or permanent. 

Due to these authorizations, water managers stated that in most temporary transactions, a 

small-scale farmer (< 20 hectares of water rights), rents his water rights to farmers with 

extensive irrigation enterprises (> 80 hectares). When asked to estimate the percentage of 

water rights rented out per year, the 22 module representatives estimated the average to 

be 70% of each module’s water rights, with an ample range of variation between 50-90% 

from one module to another.  

 

A total of 521 farmers participated in the survey; 56% of them had equal or less than 20 

hectares (49 acres), so at least half of Mexicali’s farmers are small scale producers. Most 

farmers in the survey were ejidatarios (70%) and the rest private owners. The main crops 

grown by the interviewed farmers are wheat (65%), alfalfa (19%), and cotton (8%). Half 

of the respondents are third-generation farmers (51%), while 31% are second-generation 

farmers and the rest have no family history of farming. Most farmers are between 40 and 

70 years of age (80%) and the average number of years practicing agriculture was 32. 
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Only 41% were sure their children would continue farming. On average, Mexicali 

farmers have attended about 9 years of formal education and 76% of their income is 

generated from farming. Mexicali farmers spent an average of 65% of their income on 

basic needs, which is indicative of livelihoods below the poverty line.  

 

The assessment of the institutional framework in which the Colorado River is managed in 

Mexico coupled with the water managers’ survey and the farmers’ survey provided a 

detailed description of water use in this irrigation district. Results show that water use in 

the Irrigation District 014-Rio Colorado has spatial variations and that this is related to 

the source of irrigation and the location of the parcel. Improving the measurement of 

water deliveries to provide more precise data concerning the volumes delivered to the 

parcels is needed not only to avoid the intensification of conflicts between managers and 

users, but also to establish a baseline for water use efficiency in Mexicali’s parcels.  

 

The high rates of temporary transfers estimated to be done by private parties within each 

module are indicative of a changing trend where small-scale farmers are probably 

transferring their water rights to larger farming enterprises. This is an important 

economic and social concern, not only because larger enterprises may end monopolizing 

the water of the district, but also because as most small-scale farmers live below the 

poverty line already, their water rights are probably their most valued asset; giving them 

up equates to giving up their livelihoods. 
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Including the farmers’ survey into the GIS and analyzing farmers’ responses in a spatial 

representation provides more information on how irrigation practices vary according to 

different agronomic and socio-economic factors. The south and west edges of the district 

is where farmers may be using their water in the most efficient way, while parcels who 

are in the aquifer withdrawal region appear to be the ones with higher water applications 

per hectares and longer irrigation times. The 391 farmers of the total 521 surveyed that 

provided their parcels location who could be analyzed in the GIS, contributed the most 

needed and yet unknown information about Mexicali’s agriculture: the spatial variability 

of water use per hectare for the district’s three main crops (wheat, alfalfa and cotton).  

 

The main issues limiting the achievement of higher water use efficiency rates in the 

district may be that farmers consider them cost-prohibitive and they lack knowledge 

about conservation strategies. Apparently they prefer government programs that help 

with better water use where farmers can make deferred payments and the costs are share 

in thirds between them, the federal government and the state government. Although 

improvements in irrigation practices are needed, the institutional framework must be 

updated as well; water scarcity will intensify conflicts between managers and users if the 

managers cannot prove to the users that they are being served their entitlement in full. 

Despite volume measuring devices being cost prohibitive to small-farmers, it is in the 

best interest of water managers as trustees of the Mexico’s scarce water resources to 

measure volumes delivered up to the last user (into parcels) in a way that everyone can 

trust, verify, and justly pay for. 
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Potential for Improving Water Use Efficiency 

The vast size of this irrigation district and the heterogeneity of agronomic conditions in 

Mexicali are the reasons why the irrigation district, the WUA or the modules have not yet 

measured the irrigation efficiency in Mexicali’s fields. As water use efficiency can still 

be improved on the delivery side, water conservation strategies have not targeted the 

application side. For now, higher water use efficiency in the fields may be too expensive 

to pursue, thus its exact measurement has not reached a priority status yet; only 

recommendations have been issued (Conagua, 1997).  

 

The average water use reported by all farmers in the survey is barely 4% higher than the 

legal entitlement for each hectare of water rights. Wheat farmers can grow this crop 

without surpassing their allocated volume per hectare. Cotton requires more water than 

wheat; however, cotton farmers reported surpassing the legal allocation by less than 10%. 

In contrast with wheat and cotton farmers, alfalfa growers reported using less water than 

the estimated plant-water requirement; still, the average water application in alfalfa fields 

surpassed the district’s legal allocation per hectare by 35%. On average, all surveyed 

farmers that cultivate wheat, alfalfa or cotton had a ratio of water applied vs. the crops’ 

water requirement of 1.23 (23% of over-application). However, the under/over 

applications of water relative to the plant-water requirements need to be analyzed by crop 

and by water source to provide better indicators of water use. On average, the highest 

water applications for wheat and alfalfa fields was made in parcels whose water source is 

the mixed flows delivered thru Canal Revolucion. For cotton, the parcels where higher 
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water applications were reported are sourced by surface flows from the Colorado River 

delivered thru Morelos Dam (NIB). 

 

Results from the geospatial analysis show that increasing water use efficiency is not 

feasible in all areas within the Mexicali Agricultural Valley due to existing soil salinity 

and sodicity conditions coupled with highly variable water salinity and drainage 

problems. In the salt-affected soils, reclamation should precede the pursuit of higher 

efficiency rates in irrigation to avoid further expansion of imperiled soils in the region. 

During the interviews, the modules’ representatives estimated that farmers in their 

modules have an average of 74% of efficiency in water use at the parcel level; the range 

estimated varied among modules between 60-95%. The interviewed representatives 

estimated that on average 87% of the modules’ area under cultivation is laser-leveled.  

 

If the pressure to achieve higher rates in water use efficiency is not coupled to 

government programs that help small-scale farmers, the temporary transfers may become 

permanent. Without support, the high costs and lack of knowledge of technological 

advances that would be needed to make significant improvements limit the options 

available for these small-scale farmers to either continue irrigating their parcels in the 

“low-frequency, high-volume, total-area” mode (FAO, 1997) or rent/sell their water 

rights or their land to larger farming operations or urban developments. The participation 

of farmers in this research is invaluable and proved their interest in improving their 
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irrigation practices and conserving water; even if these are considered to be beyond their 

means. 

 

Agricultural Water Use and Wetlands Water Supply 

Two general assumptions were implicitly assessed. The assumption that higher 

efficiencies in agriculture would make more water available to sustain the CRD wetlands 

is likely to become a perverse strategy for the environmental community as higher 

efficiency rates mean the reduction in the “operational releases” and “excess flows” 

discharged into the floodplain. It will not be limited only the reduction of water applied to 

croplands nor does it guarantees less water diversions or extractions. These changes have 

already shown its impact with a decline in the ET rates in most of the wetland areas.  

 

The supply of surface water to the riparian corridor is likely reduced mainly because the 

water delivery systems in both countries tighten and less water is loss thru operational 

releases, seepage, and over-applications in the fields. Marsh wetlands in the delta will be 

affected as higher use efficiencies in agriculture will reduce the drainage flows that 

sustain them. In the left margin of the irrigation district, the potential reduction in water 

supply will impact marshes of the Hardy River. Marshes dependant on the drainage flows 

originated in the right margin of the irrigation district will impact El Indio wetlands and 

to a lesser degree the Ciénega de Santa Clara.  
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The assumption that agriculture and instream flows are mutually exclusive competitors is 

not true for marshes as they have developed thanks to agriculture’s return flows. Still, this 

assumption may be true for the allocation of river flows, as once used, their suitability for 

sustaining freshwater wetlands diminish. As the dominant users of freshwater resources, 

farmers are at times considered opponents to instream flows. Farmers in the Irrigation 

District-014 Rio Colorado like water flowing in the river. When their water rights are 

being delivered, they do not consider river flows their own but everyone’s gain. These 

responses are unequivocally clear: farmers of the Irrigation District 014-Rio Colorado are 

not opponents in the search for sources of instream flows, they not only approve them, 

they recognize easily how these flows benefit them. More importantly, the degree of 

awareness of the relationship between the agricultural valley, the water of the Colorado 

River, and the delta ecosystem is clearer for farmers than it was for scientists and 

environmental advocates.  

 

There is no question that agriculture is the main beneficiary of diverted flows, yet, the 

water balance shows that the return flows form Mexicali’s agriculture provide nearly 

87Mm3 for the delta’s marsh areas in the floodplain. Regarding the riparian areas of the 

delta, the diminished freshwater flows discharged directly into the riverbed in the last 8 

years suggest that seepages from unlined canals and subsurface flows generated by the 

over-application of water in the fields are at least contributing enough water to sustain the 

remaining riparian corridor. Using the balances of inflows and outflows, the actual 

volume of water provided to the Colorado River delta wetlands via the current patterns in 



33 

water use in the Irrigation District 014-Rio Colorado may be in the order of 100-200 

Mm3 per year, depending on how much water infiltrates deeply into the aquifer. 

 

The threat of water shortages due to drought and over-allocation in the Colorado River 

watershed has exacerbated the pressure for higher water use efficiencies at both the 

delivery system and the parcel level. As the management of water becomes more efficient 

in both countries, the less likely that operational releases in the irrigation districts will 

continue to flow into the delta floodplain. As farmers in Mexicali implement more 

efficient practices in irrigation, less water from over-applications will be infiltrating 

during irrigation events. This would impact sub-surface flows, which are believed to 

contribute to the maintenance of remaining riparian areas in the delta, more so when the 

river bed has remained dry.  

 

The estimated unintentional provision of water to the delta wetlands is intrinsically 

related to current patterns in water use in the district’s agricultural valley. Under water 

scarcity conditions, the delta ecosystem will be better off if the existing “inefficiencies” 

of the status quo were to be guaranteed. Nevertheless, water scarcity and a 9-year 

extended drought had brought an expiration date to this status quo as both countries have 

made public plans for minimizing water inefficiencies. Instream flows must be dedicated 

by the time the Irrigation District 014-Rio Colorado reaches its maximum efficiency in 

conveyance and in the fields as these constitute the main source of water of the Colorado 

River delta wetlands. As an over-allocated river, the sources of water that have helped the 
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resilience of the delta ecosystem have an owner, or owners. Instream flows need to be 

secured now because when shortages become more apparent in the watershed, the lower 

the likelihood of public support for future water allocations for environmental purposes 

will be.  

 

Water availability for the Colorado River delta ecosystem is still a matter of flows not 

diverted upstream and the aquifer not over-drafted. The 172 hectares of water rights 

dedicated are equivalent to 1.73 Mm3; still too small to be instream flows. Compared to 

the estimated evapotranspiration in the riparian corridor, the water rights already 

allocated for environmental uses would only provide 4.76% of the volume consumed. 

Other options for allocating instream flows for the delta ecosystem must be found in 

addition to private transfers of water rights. One instrument is not enough to provide the 

water this ecosystem needs to subsist, moreover, additional changes in the water 

management framework are needed as well. Acknowledgment of the Mexicali 

Agricultural Valley as an integral part of the delta ecosystem might be the required 

change in the water management-wetland restoration paradigm. 

 

The restoration of wetlands of international watersheds like the Colorado River entails 

that the bi-national collaboration extends beyond memorandums of understanding 

between the countries that shared them into treaties where environmental flows are 

actually allocated. 
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Abstract 

As agriculture consumes about 70% of the world’s freshwater withdrawals, farmers are 

expected to carry more of the burden of water conservation. Cultivating at the southern 

end of the Colorado River’s extensive water delivery system, farmers in Mexico are the 
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first ones to experience water scarcity. The aim of this paper is to understand water use in 

Mexico’s Irrigation District 014-Rio Colorado; the specific objectives are: 1) to evaluate 

how the institutional water management framework influences water use in Mexicali’s 

agriculture and 2) to analyze the spatial variability of water use in this irrigation district. 

The analysis of the institutional framework in which Colorado River flows are managed 

in Mexico is complemented with a survey applied to water managers of the 22 irrigation 

modules of the district plus a district-wide survey applied to 521 farmers. A Geographic 

Information System was built using information provided by Mexico’s National Water 

Commission (CONAGUA) coupled with the spatial information on farmers’ water use 

acquired thru the farmers’ survey.  

 

The south and west edges of the district is where farmers appear to be using their water in 

the most efficient way, while parcels who are in the aquifer withdrawal region appear to 

be the ones with higher water applications per hectares and longer irrigation times. For 

farmers with parcels at the end of the district’s canal network, it is not a matter of them 

choosing to use less water, but of less water being available for them to use. Some of the 

limitations regarding improving water use efficiency at the parcel level in the Irrigation 

District 014-Rio Colorado are institutional in nature: a) the limited allowance in the US-

Mexico Water Treaty to adapt scheduled deliveries to Mexico, b) the uncertainty 

perceived by farmers regarding the availability of water when their crops need it, and c) 

the lack of precise measurement of the water delivered to the parcels. Due to the 

uncertainty of water availability, the frequency of irrigation does not necessarily obey 



40 

plant needs; Mexicali farmers try to give their crops as much water as they can, when 

they can. As the rates of temporary transfers are estimated to be 70% on average by 

module, a change in the existing institutional framework may be required so that small-

scale farmers can continue farming instead of letting their land fallow after selling their 

much sought-after water rights to cities or large farming enterprises. Inability to continue 

farming, risk aversion, and low profitability are the main reasons behind most temporary 

water transfers. This is an important socio-economic concern, not only to avoid the 

monopolization of water in Mexico’s Northwest region, but also because as most small-

scale farmers live below the poverty line already, their water rights are their most valued 

asset. Despite volume measuring devices being cost prohibitive to them, it is in the best 

interest of water managers as trustees of the Mexico’s scarce water resources to measure 

volumes delivered up to the last user in a way that everyone can trust, verify, and justly 

pay for. 

 

Introduction 

Irrigation is the delivery of water to crops via man-made structures that withdraw and 

convey water from rivers, reservoirs and aquifers to fields. Irrigated agriculture sustains 

17% of the world’s arable lands, which provide 40% of the total food production (FAO 

2002). Nearly 70% of the global freshwater usage by humans is withdrawn for agriculture 

(FAO 2002); 85% in developing countries (FAO 2003).  
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Appropriate irrigation practices provide only the water that plants need and in a timely 

manner (FAO 1997). However, for a variety of reasons (costs, lack of infrastructure, lack 

of incentives for conservation, etc.), these practices are not as common as they are 

desirable. Irrigation is “notoriously wasteful” (FAO 2002) in terms of unsustainable 

water withdrawals, over-applications of water in the fields, and polluted return flows. 

 

The disparity between increasing demands and decreasing availability confronts 

competing users in arid regions with the need to achieve higher water use efficiency 

rates. Due to its dominance in freshwater withdrawal, agriculture is expected to carry 

more of the burden of water conservation than any other water user. The average 

irrigation efficiency worldwide is estimated at only 38% (FAO 2002). As a result, 

improvements in water use efficiency (WUE) have become a priority of water 

management agencies, especially in water-scarce regions. Despite its inherent scarcity, 

over-application of water during irrigation in arid and semi-arid agricultural areas 

persists. 

 

Mexico lies at the same latitude as the Sahara and Arabian Deserts; nearly two thirds of 

Mexico’s territory is arid or semi-arid lands (CONAGUA 2008a). Most of the country’s 

available freshwater allocated to consumptive uses is withdrawn from surface flows 

(67%), while a third is withdrawn from aquifers (CONAGUA 2008a). Seven rivers 

provide 65% of Mexico’s surface water (CONAGUA 2008b); none of these rivers are 

situated in the northern regions which comprise 55% of Mexico’s territory (calculated 
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from CONAGUA 2008a). The unequal spatial and temporal distribution of water in 

Mexico obliged the development of extensive irrigation infrastructure for agriculture 

which consumes 77% of all withdrawals (CONAGUA, 2008a). About 21 million hectares 

are used in food production in the country; nearly 6.5 million hectares of those depend 

upon irrigation (CONAGUA 2008b), while the rest rely on rain. Mexico’s five largest 

agricultural areas depend on flows of the relatively smaller northern rivers: Bravo (or 

Grande), Yaqui, Fuerte, Culiacan-Humaya, and Colorado. 

 

The International Water Treaty signed in February of 1944 by the United States of 

America (US) and Mexico established the allocation of flows for each country for 3 of 

their shared river systems. One of these is the Colorado River. The main stem of the 

Colorado River meanders more than 2,250 km (nearly 1,400 miles) in a watershed that 

extends more than 625,000 Km2 (almost 155 million acres) (SRE 1944), and supports 2 

million acres of croplands and more than 30 million inhabitants in both countries 

(Anderson, L. 2002). Mexico has an annual allocation of 1,850.234 million cubic meters 

(Mm3) of water per year (SRE, 1944) (1.5 million acre-feet); about 10% of the average 

Colorado River flows annually.  

 

The pressure of using less water for growing crops is augmented by the changing climate 

that is expected to extend and aggravate the now 9-year drought affecting the Colorado 

River watershed (Meko et al. 1995, Barnett and Pierce 2009). Water shortages are further 

exacerbated by the continuously increasing water demands from off-watershed 
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metropolitan areas in both countries. Being at the southern end of the Colorado River’s 

extensive water delivery system, Mexicali farmers are the first ones to experience water 

shortages. Higher water use efficiency (WUE) in Mexicali’s agriculture is needed so that 

farmers can better face drought and the increasing scarcity of water. To address this issue, 

it is essential to first understand the local institutional, socio-economic, and agronomic 

conditions that influence the current irrigation practices. Thus, the aim of this paper is to 

understand water use in Mexico’s Irrigation District 014-Rio Colorado and assess how 

water use at the parcel level can be improved. The specific objectives are: 1) to evaluate 

how the institutional water management framework influences water use in Mexicali’s 

agriculture and 2) to analyze the spatial variability of water-use in this irrigation district. 
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Methods 

The Irrigation District 014- Rio Colorado is located in Northwest Mexico, straddling the 

border of the States of Baja California Norte and Sonora in the municipalities of Mexicali 

and San Luis Rio Colorado, respectively. It spreads from the US-Mexico international 

boundary, south towards the estuaries of the northern Gulf of California (Figure A-1).  

 

Figure A-1. Mexico’s Irrigation District 014- Rio Colorado (red), the southernmost 
agricultural valley of the bi-national Colorado River Watershed. 
 

This assessment of water use efficiency in the Mexicali Agricultural Valley analyzes the 

institutional framework in which Colorado River flows are managed in Mexico. This is 

based on field interviews with federal and local water managers. Raw data on water 

allocation and distribution made available for this study by CONAGUA’s office of the 
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Irrigation District 014 were used to calculate descriptive statistics on water use in 

Mexicali’s agriculture and create a characterization of the irrigation district.  

 

The institutional assessment is complemented with a survey applied to water managers of 

the 22 irrigation modules in which the district is divided plus a district-wide survey 

applied to 521 farmers focusing on their irrigation practices. To interview water 

managers of all the irrigation modules, I visited their offices and interviewed either the 

general manager or the president of each. These were 10-question guided interviews 

where I asked open-ended questions about their module’s original water allocation, 

possible changes in the number of users since its creation, and the estimated percent of 

temporary transfers of water rights. Other questions regarding estimated average water 

use efficiency at the parcel level and opinions on how their farmers can improve their 

WUE are analyzed elsewhere (Carrillo-Guerrero 2009b).  

 

None of the different levels of water management in this district have a database of 

farmers containing their contact information. As the survey could not be applied thru mail 

or phone interviews, contacting farmers in person was the only available option. 

Furthermore, most farmers live in the towns and cities of the irrigation district and not in 

their farms. Thus, for the farmers’ survey, a census-type approach was used during the 

annual farmers meetings that each of the 22 irrigation modules had between October 

2006 and December 2007. The survey was applied to all farmers present before their 

meeting began and to late-comers after the meetings adjourned. In all meetings, at least 
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85% of attendees were asked to participate in the survey, however attendance is low (15-

35 farmers) compared to each modules’ total water users registered (400-998 farmers, 

CONAGUA 2006b). A total of 521 farmers participated and only 12 declined. The 

farmers’ survey consisted of a questionnaire-guided interview that contained 12 questions 

about their parcel, their irrigation practices, and personal characteristics, including years 

farming, age, education and economic well-being. Other questions asked during this 

survey related to farmers’ perceptions on environmental flows are analyzed elsewhere 

(Carrillo-Guerrero 2009c).  

 

The spatial analysis of water use in this irrigation district required the development of a 

Geographic Information System which was done using ESRI’s ArcGIS 9.2 software. The 

geographic information provided by CONAGUA in Autocad v. 18, was exported as 

individual layers to ArcGIS 9.2. CONAGUA’s information consisted of the polygon 

features of the 22 irrigation modules, the polygon features of the ejidos, colonias and 

parcels within the irrigation district, and the poly-line features corresponding to the canal 

and drainage networks. The spatial information on farmers’ water use at the parcel level, 

acquired thru the survey was also added to the GIS.  

 

The survey was anonymous to ensure that responses were not biased by fear of being 

identified. Most farmers had no problem providing the name of the ejido or colonia 

where their parcel is located and their parcel’s lot number. Of the 521 farmers 

interviewed, 319 provided the information needed to locate their parcels in the GIS, thus 
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75% of the questionnaires were spatially represented in a point-feature layer. The 

information on water use provided in these questionnaires was added to the GIS by 

joining the database table of their responses to the corresponding parcel in the point-

features layer. The farmers’ answers to 6 key questions were interpolated using a 5-

neighbor Inverse Distance Weighting method to create the spatial representation of water 

use and irrigation practices in the Mexicali Valley. This guaranteed complete anonymity 

to participating farmers that provided their parcels’ location while still allowing the 

spatial analysis of their responses.  

 

Results 

Institutional Framework for Water Management in Mexico 

All surface and ground waters in Mexico belong to the Mexican Nation (EUM 1917). 

The National Water Commission, CONAGUA, is Mexico’s water authority. This agency 

is in charge of the management and administration of the Nation’s water resources, 

including all federal hydraulic infrastructure for diversion, storage, and major conveyance 

of the country’s water resources (CONAGUA, 2004). Rights to the use of river flows, 

lakes, and aquifers may be granted by CONAGUA thru concession titles (CONAGUA 

2004).The National Water Law (LAN) defines the priority system for allocating water 

according to the type of water use; the antiquity of the water rights granted has no 

bearing. As such, LAN’s order of priority in the distribution of water grants domestic use 

first priority, followed by municipal use, cattle, agriculture, environmental flows, 

generation of electricity for public use, industrial, aquaculture, generation of electricity 
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for private use, leaching salts from soils, tourism and recreational activities, multiple 

uses, and other uses not included before. 

 

The delivery of Colorado River flows to Mexico is officially made thru the American and 

Mexican sections of the bi-national commission called International Boundary and Water 

Commission (IBWC). The Mexican section (abbreviated CILA in Spanish) receives the 

water at two delivery sites and gives immediate control over it to Mexico’s National 

Water Agency (CONAGUA). About 90% of Mexico’s Colorado River water allocation is 

delivered at Presa Morelos, also known as the Northern International Border (NIB, Figure 

A-2). The rest of Mexico’s share is delivered at the Southern International Border (SIB).  

 

CONAGUA controls the diversion dam (Presa Morelos), 27km of the main diversion 

canal Reforma, the federal wells located in the Mesa Arenosa de San Luis, the Canal 

Sanchez Mejorada (from NIB to CONAGUA’s field station at Km 27). The three main 

canals: Reforma (downstream from CONAGUA’s Station at Km 27), Revolucion, and 

Independencia are managed by the Water Users’ Association of the Irrigation District 014 

(WUA). This association manages the water in these canals and distributes it among the 

22 irrigation modules, modulos, in which the irrigation district is divided. To improve the 

efficiency in the management and distribution of the water available, the irrigation 

district was divided in the early 1990’s in these 22 regions (Figure A-2).  
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Figure A-2. Division of the Irrigation District 014-Rio Colorado in 22 irrigation 
modules, the US-to-Mexico delivery points of Colorado River flows, the parcels’ location 
of surveyed farmers, and the classification of the modules by ejido owned area over total 
irrigated area. 
 
 
Each irrigation module is now managed by its own association of water users and has a 

specific entitlement to Colorado River flows. Their entitlements were granted by 

CONAGUA thru concession titles that specified the total hectares of water rights allotted, 

according to the total area under irrigation in each modulo. Each module manages its own 

network of smaller canals and delivers the water to farmers. Even though water is a 

public good in Mexico, users are required to pay for its use and the costs of delivering it 

to them. The modulos deliver the water to their farmers, keep record of their water use, 

and collect the water-delivery fees.  During the 2006-2007 agricultural year, the water 
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fees averaged $7.15 pesos per liter per second per 24 hrs-period, equivalent to 86.4 

m3/day ($7.86 dollars/acre-feet at an exchange rate of $13 pesos per dollar). The 

collected fees are divided among the corresponding modulo (42%), the Water Users’ 

Association (47%), and the Mexican Nation (11%, paid to Mexico’s fiscal agency). 

 

Water is measured at different stages as it moves from one management level to the next. 

Usually both the delivering and the receiving parties make their own flow measurements 

at the transfer points. IBWC, CILA, CONAGUA, the WUA, and the modules, all 

measure the water that is being transferred to and from their control. Still, the module-to-

farmer deliveries are measured only on the delivery side (modules) but not by the 

receiving party (farmers). Most, if not all, of the water delivered to the farmers’ parcels is 

measured based on the flow in the canal at the time the modulo’s canal manager, the 

canalero, opens the gate to the parcel’s intake canal. The total hours this canal remains 

open and the initial flow are used to calculate the volume used per irrigation event. 

Although farmers are charged per volume delivered, the actual volume is estimated only 

by the canalero, not measured with a precision instrument.  

 

Farmers do not know exactly how many cubic meters of water they are actually being 

provided, but they know when the amount differs significantly from historical deliveries. 

Their empirical knowledge is based on the comparison of how well the present volume 

meets their parcel’s soil and crop-water requirements vs. how past volumes delivered met 

them. Farmers seem to accept the fact that they get an estimated but not an exact 
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measurement of the volume delivered to their parcels, even when volumetric charges 

apply. Volume disputes arise mostly when a farmer thinks he received significantly less 

water than he is entitled to. This usually happens when the water delivered is not enough 

to irrigate the area he usually irrigates or when the module’s records report his allotment 

fully served with less irrigation events than usual. 

 

Farmers can be private owners of their land and water-rights or members of an ejido, 

ejidatarios. The ejido regime is a type of land tenure in which a collective group, the 

ejido, holds the right to the land. Ejidos have the authority to divide their land into parcels 

and grant exclusive rights for individuals to use as if they were private property. Since the 

reform to Mexico’s Constitutional Article No. 27 (EUM, 1994), ejidos can begin the 

process of registration and delineation of individual holdings of parcels or 

“parcelizacion.” Afterwards, ejidatarios may sell their parcels but only if the majority 

agrees. Figure A-2 shows the modules’ land tenure composition in terms of percent of 

ejidos’ croplands over total cultivated area. 

 

Water allocations for agriculture were originally attached to the land during Mexico’s 

Agrarian Reform (1927). Land and water rights may now be transferred independently of 

each other since this Constitutional article was reformed but the land tenure regime 

affects the transferability of water rights. Water rights for ejido parcels could have been 

granted originally to the ejido in a collective manner or to the farmers individually. The 

collective water rights of an ejido cannot be alienated or transferred to lands outside the 
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ejido boundaries, even if the land belongs to one of the ejido’s members. However, the 

water rights granted to individual ejidatarios directly can be transferred to fields outside 

the ejido; albeit with the unlikely approval of the ejido assembly. Individual farmers who 

are not ejidatarios and have private property of parcels not belonging to an ejido can 

transfer their allotted water rights anytime to any parcel within the district’s boundaries, 

even to parcels in ejidos.  

 

Results from the interviews with water managers of each irrigation module showed that 

private transfers and public agreements between individuals, modules or between a 

module and the water bank are common. Although results of the interviews showed that 

the irrigated surface has not changed significantly in the last decade for more than half of 

the modules, some modules use less water than they have rights to. This could have been 

because their farmers have rented or sold their water rights to users in other modules or to 

the city of Mexicali. Other modules use more than their original allocation because 

farmers in the water-importing modules may be growing crops with higher water 

requirements than the amount allocated per hectare or they cultivate more than one crop 

per year in the same parcel. The perception of water managers regarding water transfers 

concurs with the analysis presented Table 1 (column of use/allocation).  

 

As the register of water rights (REPDA) shows only permanent transfers, the total 

number of water rights temporarily transferred by year is not clear. Under Mexico’s 

Water Law, water rights cannot be sold or rented. However, permanent or temporary 
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transfers are allowed. The president or the manager of each irrigation module has to 

authorize all incoming and outgoing transfers; it is their perception that most transfers of 

water rights are of a temporary nature and contracted between private parties. Transfers 

between the modules or between a module and the water bank are also allowed. Private 

transfers are defined in terms of hectares of water rights; water transfers between 

modules or thru the water bank are negotiated by volume. Although no record exists for 

these, water managers believe that in most temporary transactions, a small-scale farmer 

(< 20 hectares of water rights), rents his water rights to farmers with extensive irrigation 

enterprises (> 80 hectares). When asked to estimate the percentage of water rights rented 

out per year, the 22 module representatives estimated the average to be 70% of each 

module’s water rights, with an ample range of variation between 50-90% from one 

module to another.  

 

Characterization of ID-014  

The Irrigation District 014-Rio Colorado has roughly over 250,000 hectares with 

irrigation infrastructure (617,760 acres). Still, due to the diminished water availability, 

the area under cultivation has shrunk 3 times since it was created by Presidential Decree 

in 1939 (DOF 1938). The current cultivated area is just above 208, 200 hectares (514,473 

acres); 86% of which lies in the State of Baja California Norte and the rest in the State of 

Sonora (CONAGUA 2008c). Most of the district is under the land tenure regime of ejidos 

(61%), while the rest is held in private property (CONAGUA 2008c). Nearly 40% of the 

district’s soils are of coarse textured, 44% are medium textured soils and 16% are fine 
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textured soils. The total water available in the district varies accordingly to the US-to-

Mexico Colorado River deliveries (Figure A-3); usually 87% of the available volume is 

consumed by agriculture, 10% is consumed in cities, 3% is used by industries. The 

programmed water supply of the district for all users is 2,747.594 million cubic meters 

(2.22 million acre-feet), 69% of this volume is Mexico’s entitlement to Colorado River 

flows, 25% of the district’s water supply is withdrawn from Mexicali’s aquifer in the 

agricultural valley, and the rest is withdrawn from the wells located in the Mesa Arenosa 

de San Luis (CONAGUA 2006a).  
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Figure A-3. Colorado River flows received at NIB and SIB during the period 1935-2006 
by Mexico’s Irrigation District 014-Rio Colorado (calculated from CONAGUA 2007a).  
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Water use by module is presented in Table A-1, the ratio of use over allocation is 

considered by water managers as an indicator of the districts’ overall efficiency in the 

delivery of water. Nine modulos have entitlements only to surface flows from the 

Colorado River; they occupy 35% of total irrigated area and use 37% of the district’s 

total water availability (CONAGUA, 2006b). The other 13 modules have rights to surface 

and ground water; five of which depend mostly on groundwater. The 5 modules that 

depend largely on aquifer withdrawals (>55% of their total water allocation), occupy 

34% of total irrigated area in the district and use nearly 30% of the water available.  

 

The irrigation modules with the lowest allocation of water rights from all sources 

combined are Modulos 20, 22, and 6. The ones with the largest water allocations are 

Modulos 10, 15, and 16. The modules that use the largest volumes are Modulos 10, 1, and 

4; still they usually consume less than their allocation. As water transfers are allowed, the 

modules that use the higher percentage of volume in relation to their original allocation 

are Modulos 22 and 14, which during the period 2005-06 imported 37% and 13% more 

water relative to their respective allotments. The modules that consumed the lowest 

percentage of their original allocation are Modulos 19, 7, and 20. 
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Table A-1. Users, irrigated area, water rights and water used during the 2005-06 
agricultural year by modulo (calculated from CONAGUA, 2006b and CONAGUA, 
2007b). 

Modulo No. Users Irrigated Area (ha)
Allocated Water 
Rights (Mm3)***

Water Used 07-08 
(Mm3)

Use/Allocation 
(%)

1** 832 11,185 125.44 124.47 99%
2 528 6,723 75.40 63.54 84%
3 670 9,818 110.11 111.76 101%

4** 942 13,597 152.49 120.78 79%
5** 617 9,916 111.20 113.26 102%
6** 470 6,426 72.06 73.71 102%
7** 813 13,038 146.22 90.58 62%
8 930 10,495 117.70 97.33 83%
9 670 9,528 106.86 103.53 97%

9b 695 10,180 114.16 88.93 78%
10 986 13,148 147.45 136.44 93%
11* 691 9,233 103.55 97.49 94%
12* 817 9,579 107.43 108.68 101%
14* 402 8,801 98.70 111.97 113%
15* 669 12,749 142.98 109.17 76%
16 998 11,895 133.41 110.29 83%
17 821 9,192 103.09 93.98 91%
18* 731 7,945 89.10 59.65 67%
19* 785 8,241 92.42 50.45 55%
20* 697 4,780 53.61 34.90 65%
21* 558 6,838 76.68 68.25 89%
22* 577 4,916 55.14 75.46 137%

Total DR014 15,899 208,223 2,335 2,045 88%  
* Modulos dependant exclusively on surface flows from the Colorado River. 
** Modulos predominantly dependant on groundwater (groundwater supply >55%total 
water supply).  
*** Allocated water rights refer to each module’s total entitlements to all water sources 
combined.  
 
 
Farmers’ profile 

CONAGUA reported in the last decade a total number of water rights holders varying 

between 13,400 and 16,500. Accordingly, their average parcel size varied from less than 

13 hectares to 18 (32-44 acres) (CONAGUA, 2008c). The variations are due to 

temporary and permanent transfers of land ownership and water rights ownership. A 

study commissioned by CONAGUA (2006a) reported that almost 13% of the inhabitants 
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of towns and cities within the irrigation district have agriculture as their primary 

economic activity. This population has an average of 7 years of education and almost 

50% of the economically active population earns between 2 and 5 times Mexico’s 

minimum salaries. At $52.5 pesos/day as minimum salary and an exchange rate of $13 

pesos per dollar, this means that they earned between $242-$605 dollars/month in 2008. 

The World Bank considers the poverty line to be at $2 dollars/day/person in 1996 prices 

(Sala-i-Martin, 2005). Considering that the average number of dependants per household 

in the district is 4, the per capita income in the district varied between $1.83-$4.59 

dollars/day during 2008, equivalent to $0.93-$2.33 dollars/day in 1996 prices. It is 

important to note that although nearly half of the inhabitants in the district have such low 

incomes, there are farmers who are at the other extreme of the income spectrum. 

Although there is no information available on their income, the total area under 

cultivation may be an indicator of the polarization of income in the valley. The principle 

used in the creation of ejidos is precisely the reason why people can be so poor and yet 

own land in Mexico, this land tenure regime was developed to allocate land for 

agricultural use to those who were willing to cultivate and could not afford to purchase it. 

 

A total of 521 farmers participated in the survey. Most of them have farms in the Baja 

California Norte portion of the district (80%) and the rest have their parcels in Sonora’s 

side of the district. The parcel size of the interviewed ranged from 1 to 1,200 hectares 

(2,965 acres). The average parcel size of the farmers interviewed was 55 hectares (136 

acres); 76% of the sample had equal or less than 50 hectares (123 acres). Still, 56% of 
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them had equal or less than 20 hectares (49 acres), so at least half of Mexicali’s farmers 

are small scale producers. Most farmers in the survey were ejidatarios (70%) and the rest 

private owners. Table A-2 summarizes farmers’ average responses by module. 

 

Half of the respondents are third-generation farmers (51%), while 31% are second-

generation farmers and the rest have no family history of farming. Most farmers are 

between 40 and 70 years of age (80%), the rest were divided equally between being 

younger or older than this range. The numbers of years in which Mexicali farmers have 

been in agriculture ranged from 1-70 years; the average number of years practicing 

agriculture was 32. Only 41% were sure their children would continue farming. On 

average, Mexicali farmers have attended about 9 years of formal education and 76% of 

their income is generated from farming. To gather information about their economic 

status in a less intrusive manner, the income question was phrased to assess how much of 

their monthly income was used just to cover housing and food expenses; transportation, 

education, and other expenses were asked not to be considered. Mexicali farmers spent an 

average of 65% of their income on basic needs, which is indicative of livelihoods below 

the poverty line. Half of the farmers described the soils of their fields as mostly medium 

textured, while 30% described them as fine textured soils and 20% as coarse textured 

soils. Most farmers had their fields laser-leveled in the last 5 years (73%); 17% said their 

fields were laser-leveled more than 5 years ago. The extensive implementation of 

federally funded programs aimed at modernizing water infrastructure and improving 

water use efficiency in the district is the reason for only 9% of the farmers’ with un-
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leveled fields. Nearly 39% of the farmers that participated in the survey reported they 

carried out the irrigations of their crops by themselves. Other 35 % of surveyed farmers 

stated that they hire someone else to irrigate their parcel, a regador. About 15% of 

farmers actively participate during irrigations but they also hire regadores to help. 

 

Table A-2. Surveyed farmers and their average responses by irrigation module. 
 

Modulo

No. 
Farmers 
Surveyed

Parcel  
(ha)

M3 
used/Ha 

Irrigated 
Ha/Day

Length 
Irrigation 
Run (m)

Width 
Irrigation 
Run (m)

School 
Years

Years in 
Agriculture

% Income 
from 

Agriculture

Economic 
Well-being* 

(%)

1 24 44 12,482 6.69 215 27 8.48 34 73 58
2 26 69 10,048 6.73 280 24 7.69 36 66 62
3 27 36 9,559 8.00 248 37 7.73 25 89 65
4 32 53 9,294 5.96 330 29 7.03 37 80 63
5 15 56 10,566 5.43 292 28 9.29 35 55 68
6 17 26 9,904 6.64 262 25 6.53 35 74 65
7 23 42 12,286 8.82 388 25 8.45 27 78 71
8 23 75 9,670 6.63 298 21 8.77 31 79 54
9 13 54 10,344 7.40 298 20 10.77 24 65 65

9b 33 21 13,696 6.34 319 21 7.43 28 70 71
10 25 41 9,923 7.89 304 21 9.91 30 83 64
11 28 70 10,704 6.68 329 25 9.29 34 65 65
12 29 47 9,742 9.20 316 30 8.19 43 88 67
14 19 44 8,366 8.41 305 31 9.78 38 82 62
15 23 58 9,717 8.84 291 20 8.59 31 83 69
16 24 48 10,931 6.85 288 26 8.79 28 73 75
17 23 88 10,802 7.09 314 24 9.78 33 95 64
18 24 44 9,710 7.43 301 17 9.63 36 73 61
19 24 68 9,945 7.57 322 17 9.18 29 70 64
20 12 103 9,128 7.49 366 15 13.58 31 84 54
21 32 51 10,568 6.89 254 26 9.10 28 80 61
22 22 119 12,521 6.99 258 26 8.53 38 62 63

Other** 3 89 8,246 3.83 517 29 9.33 20 83 55
All 521 58 10,355 7.12 309 25 8.95 32 76 64  

* Economic well-being refers to the percentage of food and housing expenses relative to 
their income; 50% is indicative of poverty.  
** Other refers to those parcels located outside the irrigation districts’ boundaries (out of 
the irrigation modules’ boundaries). 
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The main crops grown by the interviewed farmers are wheat (65%), alfalfa (19%), and 

cotton (8%). Table A-3 presents a summary of water use for the 481 farmers that 

participated in the survey and that cultivate any of these 3 main crops.  

 

Table A-3. Summary of descriptive statistics of irrigation practices of surveyed farmers 
who grow wheat, alfalfa or cotton. . 

Wheat Alfalfa Cotton

No. Surveyed farmers 337 101 43

Main water source CR flows (78%) CR flows (64%)
CR flows (40%) 
Aquifer (44%)

Irrigation method Basin (95%) Basin (97%) Furrows (63%)

No. Irrigation events/season 5.20 8.25 6

No. Days irrigating per event 3.40 3.99 6

Length irrigation run (mts) 304.89 272.37 305

Stop water intake* 19.73 23.42 8

Applied water/season (cm) 96.33 136 111  
 
 

Water Use 

The legal entitlement per hectare of water right of Colorado River flows in the Irrigation 

District 014-Rio Colorado is stated in the district’s operational rules as “117 liters per 

second in a 24-hour period per year (Comite Hidraulico, 2005).” This is equivalent to 

about 10,109 m3 per hectare per year (3.31 acre-feet/acre/yr), which farmers and water 

managers agree is enough to grow only one non-high water consuming crop per year.  

 

During the 2006-07 agricultural year, three crops occupied 78% of the district’s irrigated 

area and used 79% of the district’s water allocated to agriculture. Table A-4 presents the 

irrigated area by crop as percent of the total area serviced by each water source for this 
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year (calculated from CONAGUA 2006c). Survey results also showed this pattern in 

terms of crop choice and water use by crop.  

 

Table A-4. Percent of wheat, alfalfa and cotton cultivated areas according to water 
source (Calculated from CONAGUA 2006c). 

Crop CR. Surface  Federal Wells Private Wells

Wheat 48% 46% 42%
Alfalfa 16% 18% 18%
Cotton 11% 23% 16%

% Total Irrigated Area 74% 86% 76%  
 
 
Nearly 60% of the water demand for irrigation occurs in a five-month period each year 

(December-April) (CONAGUA 2008d); March is the month in which all 3 crop cycles 

coincide. The pattern of water demand changed in the last decade due to a change in 

farmers’ choice of crop, influenced by international market prices.  

 

In the 1999-2000 agricultural year, 39% of the district’s water demand for irrigation was 

consumed during the spring-summer season, while the autumn-winter crops demanded 

36% of the districts’ available water and perennials used 22% (CONAGUA 2008e). In 

the 2004-05 agricultural year, the highest water demand for irrigation shifted to the 

autumn winter season, when 48% of the annual water availability was used; driven 

mainly by the expansion of wheat fields (Table A-5). Thus, the spring-summer cycle 

reduced its water demand to 22%, while the perennials increased it to 29%. During the 

2006-2007 agricultural cycle, 59% of the district’s area under irrigation was used to grow 

crops during the autumn-winter period (CONAGUA 2006c). The spring-summer crops 
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were grown in 21% of district’s cultivated area while perennial crops were grown in less 

than 20%. The shift in cultivated hectares of wheat, alfalfa and cotton crops for these 

periods are in Table 5.  

 
Table A-5. Percentage of total irrigated area by crop for 3 agricultural years (calculated 
from CONAGUA 2006c) 
  

Crop 1999-98 2004-05 2006-07
Wheat 29% 39% 47%
Cotton 34% 15% 14%
Alfalfa 17% 24% 17%  

 
 

Spatial Distribution of Water Use  

The diversity in soil textures and water sources in the Irrigation District 014-Rio 

Colorado suggests that both, the plant-water requirements for each crop and actual water 

applications vary across the district. To identify patterns in water use, the spatial 

distribution of farmers’ responses is presented in Figure A-4. As not all interviewed 

farmers provided information on their parcel’s location, only the responses for 75% of 

them were incorporated into a GIS (391 questionnaires of 521 in total). Figure A-4 (i-vi) 

shows the spatial distribution of these farmers’ responses to 6 questions (for all crops 

grown).  

 

The spatial distribution of water applied per hectare vs. the legal allocation per hectare of 

water right is an indicator of how much more water is being applied to the fields in 

relation to their entitlement. Ratios below 1 mean that farmers are using less than their 

allocation per hectare. Figure A-4i shows a clustering of higher ratios in the northeastern 
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portion of the agricultural valley, especially in Modulo 1, the southern half of Modulo 7, 

the upper half of Modulo 4, and the northwestern half of Modulo 16. Except for the latter, 

the main water source for irrigation in these modulos is groundwater.  

 

Mexicali farmers use the amount of hectares they can irrigate per 24-hrs period as an 

indicator of how efficient the water distribution is and how efficient their on-farm 

irrigation practices are. For them, the more hectares they can irrigate per day is equated to 

better management of water in the canals and in the fields. The spatial representation of 

farmers’ responses shows that farmers with fields located at the western boundaries of the 

irrigation district irrigated more hectares per day than farmers located in the center of the 

valley. Modulos 7 and 3 registered higher rates of irrigated hectares per day on the 

eastern margin (Figure A-4ii).  

 

The irrigation district has undergone 3 periods when federal programs have financed the 

modernization of the water conveyance network. In these periods, federal incentives have 

also targeted a better use of water in Mexicali fields. Under these programs, farmers paid 

only for a third of the cost of leveling their lands, the Federal Government paid for 

another third, and the State Governments financed the last portion. The success of these 

programs is reflected in the fact that most of the irrigation district appears to have fields 

that have been leveled at least during the last five years. The marginal lands located 

outside of the boundaries of the irrigation modules (southern portion) cannot receive 

federal support for land leveling because legally, they are considered to be located 
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outside of the irrigation district. Thus, the unleveled lands cluster in this region (Figure 

A-4iii). The lands that have been laser-leveled most recently coincide with areas with soil 

and water conditions suitable for vegetable production or where there’s infrastructure for 

withdrawing water from the aquifer, which makes these fields highly sought after and 

thus, best cared for.  

 

The shorter length of the irrigation runs in the fields is used by water managers as an 

indicator of farmers with better irrigation practices. Although soil texture influences the 

amount of water percolating in the upper portions of the run and determines how well the 

lower portions of the field are irrigated, CONAGUA has issued guidelines for 

determining the maximum length suitable for wheat and cotton, according to soil textures 

(CONAGUA 2006d and 2006e). In general, CONAGUA does not recommend lengths 

longer than 400 m even for recently laser-leveled fields (CONAGUA 1997). Farmers in 

Modulos 7 and 4, as well as those marginal fields outside the southern portions of the 

district register the longer irrigation runs (Figure A-4iv).  

 

Given the institutional framework established in this irrigation district, hiring irrigators or 

regadores is a common practice. Water managers in CONAGUA and the irrigation 

modules consider that farmers who personally engage in the irrigation of their crops 

make a better use of the water than the hired irrigators. This is because the regadores are 

paid by the hours they work, which is an incentive to let the water intake open for more 

hours or irrigate more furrows at a time; this makes the irrigation time longer. Figure A-
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4v shows that the areas where farmers’ prefer to hire a regador are the Northwest corner 

of the district in Modulo 4, the northeastern halves of Modulos 6 and 7, and the southern 

half of Modulo 1. There is an apparent clustering of farmers according to income in 

Figure A-4vi. This might be related to either crop or soil characteristics.  
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Figure A-4. Spatial distribution of farmers’ responses to key questions in the survey.  
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Figure A-4 (continued). Spatial distribution of farmers’ responses to key questions in 
the survey.  
 
 
Discussion 

One of the limitations of the study might be the inability to survey farmers randomly, 

still, the profile of farmers who participated in the survey concurred with the socio-

economic data of the district’s farmers reported by CONAGUA regarding income level, 

years attending formal education, parcel size, and crop choice (CONAGUA 2006a). The 

last agricultural census published in Mexico was done in 1990, results from the one 

carried out in 2007 have not been published yet. The 18-year difference between the 1990 

census and the present study made it inappropriate to compare farmers in the survey with 

the data from this census. Inability to continue farming, risk aversion, and low 

profitability are the main reasons behind most temporary water transfers. The 70% of 

water rights temporarily transferred each year as estimated by water managers may be 
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why so few farmers attend the water users’ meetings held by the modules; apathy may be 

another.  

 

Although not all surveyed farmers provided the information needed to locate their parcels 

in the geographic information system, the 321 questionnaires added provided key 

information regarding the spatial distribution of water use in the Irrigation District 014-

Rio Colorado and how it is related to the source of irrigation and the location of the 

parcel. The closer the parcel is to its source of irrigation water, like in the case of 

agricultural wells, the larger the water applications per hectare appeared. The parcels at 

the west and southern edges of the district appear to be irrigated in less time and with 

lower amounts. Farmers in modules 11, 12, and 19, which are located at the end of the 

main canals, repeatedly complained during the interviews about being the last ones in line 

and thus the ones left to face water shortages. It is likely that they are making a better use 

of the water by necessity, because as downstream modules, water shortages impact them 

first. This is not a matter of farmers choosing to use less water, but a matter of less water 

being available for them to use.  

 

The integration of the information provided by farmers who participated in the survey 

into the GIS made is possible to portray regional patterns and offers a better 

understanding of water use in the Mexicali Agricultural Valley through the spatial 

distribution of farmers’ irrigation practices. The inclusion of farmers’ contact information 

in CONAGUA’s registry of water rights (REPDA) might be useful to extend 
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CONAGUA’s research to farming practices, crop choices, and irrigation efficiency in the 

parcels of Mexico’s irrigation districts, as these variables have an important influence in 

how much water can be conserved in agriculture and how the demand shifts. The 

monitoring of irrigation practices could be coupled with existing monitoring of soil 

salinization, aquifer degradation, and drainage problems. These two changes could lead 

Mexico’s Water Authority, CONAGUA, to a an even more comprehensive understanding 

of changing patterns in water use efficiency by linking farmers’ practices with the data 

the agency already collects on water distribution and use. 

 

Some of the limitations regarding improving water use efficiency at the parcel level in the 

Irrigation District 014-Rio Colorado are: a) the limited allowance in the Treaty for 

Mexico to adapt scheduled deliveries with changing patterns in water demands, b) the 

uncertainty perceived by farmers regarding the availability of water when their crops 

need it, and c) the lack of precise measurement of the water delivered to the parcels.  

 

In the last decade, changes in seasonal water use are a consequence to changes in 

Mexicali farmers’ crop preferences. As cotton fields have shrunk while wheat fields have 

expanded to nearly half of the irrigated area, water is scarcer during the autumn-winter 

season. Conflicts are arising in the modules at the end of the distribution network due to 

“undelivered” water to which farmers were entitled to but could not be made available. 

The differences between actual water demand and that scheduled a year in advance is 

also aggravated by the inflexibility set by the minimum monthly US-to Mexico deliveries 
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established in the Treaty. As such, there are months in which the water demand is higher 

than the scheduled deliveries and months in which the deliveries are greater than the 

demand for water in the district. Under water scarcity conditions the lack of flexibility is 

a factor affecting the way farmers’ use available water resources and may be in detriment 

to attaining higher water efficiency rates in the delivery to and the use of water in 

Mexicali’s farmlands. 

 

Even though the Irrigation District 014-Rio Colorado has an annual water allocation with 

a minimum available volume agreed by an international treaty, surface flows retain a 

certain level of uncertainty in terms of water quality, opportunity in the delivery to the 

fields, and priority in its use in agriculture vs. in urban areas. Due to the uncertainty of 

water availability, the frequency of irrigation does not necessarily obeys plant needs but 

instead is driven simply by water availability. As a consequence, the amount of water 

applied when it is available responds to the basic human behavior for survival. Farmers in 

this dry region operate under the premise of giving their crops as much water as they can, 

while they can because there is uncertainty whether water will be available later. Their 

underlying assumption may be that because water is their limiting factor, more of it must 

be better whenever they can get it; however, just enough is best (FAO 1997). Knowing 

what is best in terms of irrigation practices and water use is not enough to help farmers 

change their practices, especially when at least half of them are small-scale farmers 

practicing subsistence or slightly above subsistence agriculture. 
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A change in the existing institutional framework may be required so that these small 

farmers can continue farming instead of letting their land fallow after selling their much 

sought-after water rights to cities or large farming enterprises. As the rates of temporary 

transfers are estimated to be 70% on average by module, this trend may be indicative of 

the rate of permanent transfers in the future, once the current generation of farmers 

retires. With the exception of land leveling, other existing federal programs that help 

finance improvements on water use, like irrigation technologies, are mainly used by large 

farming operations. As these programs operate either by re-imbursement or they require 

that farmers pay 50% of the costs upfront, medium and small scale farmers are 

discouraged to participate. Still, these small-scale farmers are not only the majority of 

Mexicali farmers and the ones who need help the most; they are also the ones who hold 

most of the rights to water. Unfortunately, they might be excluded from participating in 

federal programs that could help improve their water use because these programs often 

have high entry costs and the possibility of months of waiting for reimbursements. 

Another difficulty is the inability to measure real changes in water use due to the lack of 

precise measurement of actual water deliveries to farms.  

 

Another opportunity for improving water use efficiency in Mexicali’s agriculture is in the 

training of hired irrigators. While the canaleros work for the irrigation modules’ and 

receive some training in water measuring, the regadores do not have formal training on 

water measurement or best irrigation practices and rely on their own farming experiences 

and previous irrigation jobs to manage water in the fields. Investing in training for 



72 

irrigators and changing their payment from hours irrigating to payment for irrigated 

hectares may also help, even though the extent to which these changes could impact 

actual water use efficiency may be harder to measure.  

 

Although volumetric charges apply for the water farmers’ use, they are the only ones in 

the water delivery/receiving chain that do not measure how much water they are 

receiving. Nevertheless, their reliance on past irrigation experiences and empirical 

knowledge of their usual crop has been enough to give them some parameters with which 

to compare and accept or dispute current water charges. As the scarcity of water in the 

region becomes more apparent to all farmers rather than simply to those on the fringes of 

the district, the modulos will have to modify the way their canaleros measure the 

delivered volumes or disputes will intensify.  

 

Conclusions 

As agriculture consumes about 70% of the world’s freshwater withdrawals, farmers are 

expected to carry more of the burden of water conservation, especially in times of 

scarcity and in arid zones. Being one of Mexico’s most important irrigation districts, the 

ID014-Rio Colorado is located in the arid northwest and thus, prone to face drought 

conditions. As Mexicali’s farmers are the southernmost users in the Colorado River’s 

extensive watershed, they are among the first ones to experience water shortages. Water 

use efficiency in agriculture is touted as the solution to farmers’ need to grow crop with 
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less water. Still, before changes can be implemented, local institutional, socio-economic 

and agronomic conditions must be known.  

 

The assessment of the institutional framework in which the Colorado River is managed in 

Mexico coupled with the water managers’ survey and the farmers’ survey provided a 

detailed description of water use in this irrigation district. Improving the measurement of 

water deliveries to provide more precise data concerning the volumes delivered to the 

parcels is needed not only to avoid the intensification of conflicts between managers and 

users, but also to establish a baseline for water use efficiency in Mexicali’s parcels. The 

high rates of temporary transfers estimated to be done by private parties within each 

module are indicative of a changing trend where small-scale farmers are probably 

transferring their water rights to larger farming enterprises. This is an important 

economic and social concern, not only because larger enterprises may end monopolizing 

the water of the district, but also because as most small-scale farmers live below the 

poverty line already, their water rights are probably their most valued asset; giving them 

up equates to giving up their livelihoods. 

 

Including the farmers’ survey into the GIS and analyzing farmers’ responses in a spatial 

manner provides more information on how irrigation practices vary according to different 

agronomic and socio-economic factors. The south and west edges of the district is where 

farmers may be using their water in the most efficient way, while parcels who are in the 

aquifer withdrawal region appear to be the ones with higher water applications per 



74 

hectares and longer irrigation times. The 391 farmers of the total 521 surveyed that 

provided their parcels location who could be analyzed in the GIS, contributed the most 

needed and yet unknown information about Mexicali’s agriculture: the spatial variability 

of water use per hectare for the district’s three main crops (wheat, alfalfa and cotton).  

 

The main issues limiting the achievement of higher water use efficiency rates in the 

district may be that farmers consider them cost-prohibitive and they lack knowledge 

about conservation strategies. Apparently they prefer government programs that help 

with better water use where farmers can make deferred payments and the costs are share 

in thirds between them, the federal government and the state government.  

 

Although improvements in irrigation practices are needed, the institutional framework 

must be updated as well; water scarcity will intensify conflicts between managers and 

users if the managers cannot prove to the users that they are being served their 

entitlement in full. Despite volume measuring devices being cost prohibitive to small-

farmers, it is in the best interest of water managers as trustees of the Mexico’s scarce 

water resources to measure volumes delivered up to the last user (into parcels) in a way 

that everyone can trust, verify, and justly pay for. 
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Abstract 

The over-allocated, fully-diverted, drought-prone Colorado River is one of the most 

important rivers in North America. Drought has shaken the complacency that prevailed 

since the river was “tamed” and that lasted while the reservoirs’ levels were above 50% 

of their capacity. Shortages are expected to be shared by all users, including Mexico. The 

depletion of Colorado River reservoirs’ is likely caused by climatic factors worsened by 

the over-allocation of water rights and further exacerbated by the allowance of a non-

existing surplus declared at the onset of the current drought in the US. In the arid 

Northwest of Mexico, the Colorado River sustains its southernmost agricultural 

development in the upper portion of its delta. The Irrigation District 014-Rio Colorado, or 

the Mexicali Agricultural Valley, is the primary beneficiary of Mexico’s entitlement to 

Colorado River flows (88% of the US-to-Mexico Colorado River deliveries).  

 

Water use efficiency (WUE) is touted as the panacea to water scarcity; water managers 

and users in both countries are pressed to improve it while bracing for water shortages. At 

issue is whether water users, particularly farmers, can avoid, or at least minimize, the 

losses brought by water shortages via higher WUE rates. The aim of this paper is to 

evaluate the potential for increasing WUE at the parcel level in the Mexicali Agricultural 

Valley, Mexico. The specific objectives are to determine: 1) to what extent Mexicali 

farmers are applying more water than needed during irrigations, 2) which factors may 

limit farmers’ capabilities to improve their WUE, and 3) which areas of the irrigation 

district may have a higher potential for farmers to achieve higher WUE rates, considering 
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local agronomic and socio-economic conditions. A geographic information system was 

developed to analyze how the basic soil and water characteristics prevalent in this 

irrigation district help determine the areas more suitable for farmers to decrease the 

amount of water applied per hectare and spatially analyze farmers’ responses. A district-

wide survey was used to obtain farmers’ perceptions of the potentials for improving their 

WUE. Survey results show that the average water application per hectare was 10,496 

m3/yr; 4% higher than the legal entitlement per hectare of water rights. GIS analysis 

shows that 22% of Mexicali’s croplands are salt-affected soils and 19% are sodic soils. 

Thus, increasing WUE is not feasible in all areas within the Mexicali Agricultural Valley. 

In these salt-affected soils, soil reclamation should precede the pursuit of higher 

efficiency rates in irrigation to avoid further expansion of imperiled soils in the region. In 

Mexicali’s fields, higher efficiency rates are unlikely to be achieved soon enough to 

match the timeframe of expected shortages in the Colorado River watershed. Without 

government support, the high costs and technical knowledge requirements of precision 

irrigation technologies limit the options available for Mexicali’s small-scale farmers to 

either continue irrigating their parcels in the “low-frequency, high-volume, total-area” 

mode (FAO 1997) or rent/sell their water rights to larger farming operations or urban 

developments.  

 

Introduction 

Approximately 70% of the worlds’ available freshwater is withdrawn from rivers and 

aquifers to irrigate crops (FAO 2002). This same pattern occurs in Mexico, where 
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agriculture accounts for 77% of freshwater withdrawals (CONAGUA 2008a). Being one 

of the most important rivers in North America, the Colorado is a fully diverted river, 

primarily for agriculture (78%) (Anderson 2002). 

 

The International Water Treaty signed in 1944 between the United States (US) and 

Mexico stipulates how these countries share the flows of their bi-national rivers. The 

Colorado River is the second largest river that is part of this Treaty. It carved a path from 

the Rocky Mountains in the US downstream to its estuary in Mexico’s Gulf of California. 

Per this agreement, Mexico’s share of Colorado River flows amounts to 1,850.234 

million cubic meters (Mm3) (SRE 1944); equivalent to 1.5 million acre-feet or 10% of the 

river’s estimated average annual flow.  

 

The dry conditions in the water-contributing region of the Colorado River watershed have 

shaken the complacency that prevailed since the river was “tamed,” and that lasted while 

the reservoirs’ levels were stable (1930-2003). Over-estimation of average annual flows 

led to the allocation of rights to river flows beyond the river’s carrying capacity (SNWA 

2009). The effects of the current 9-year drought (Meko et al. 1995, Barnett and Pierce 

2009) are thus amplified. Water managers in both countries are now prompted to make 

more efficient use of available water resources while bracing for water shortages. At 

issue is whether water users, particularly farmers, can avoid, or at least minimize, the 

losses brought by water shortages via higher WUE rates. 
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The varying definitions of the term water use efficiency (WUE) have been extensively 

discussed mostly in agronomic studies (Sinclaire et al. 1984, Burt et. al. 1997, Clemmens 

and Burt 1997, Whittlesey 2003). Economic studies have also contributed additional 

interpretations (Barbier 1994). According to the discipline in question, WUE could be 

measured either in applied volume, biomass produced or monetary gains. For the purpose 

of this paper, the basic concept regarding WUE means less cubic meters used per hectare 

of irrigated cropland.  

 

The Irrigation District 014-Rio Colorado is the primary beneficiary of Mexico’s 

entitlement to Colorado River flows, consuming 88% of the US-to-Mexico water 

deliveries. Also known as the Mexicali Agricultural Valley, this is Mexico’s 5th largest 

irrigation district (CONAGUA 2008a), and the only one that has a guaranteed annual 

water allocation. Cultivating land at the end of this fully diverted, over-allocated, 

drought-prone river system, most Mexicali farmers depending on surface flows have 

already experienced water shortages. As the San Andres fault dissects this agricultural 

valley, damages to the canal infrastructure have at times disrupted water deliveries to 

fields. Nevertheless, one of the most common sources of water shortages is the temporary 

but critical delays or smaller-than-programmed flows in the US-to-Mexico water 

deliveries. There are no reservoirs in Mexico and the water demand calendar is sent to the 

US a year in advance. Thus, Mexico’s Water Authority, CONAGUA, must maintain a 

precise water level in Mexicali’s canal system to be able to fulfill the daily demand of 
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water for the Tijuana aqueduct and the cities of Mexicali and San Luis Rio Colorado, 

while at the same provide water to the fields according to the scheduled irrigations.  

 

At all levels of water management of Colorado River flows in both countries, there are 

factors beyond the farmers’ control contributing to lower WUE rates in Mexicali’s fields. 

Although higher rates in WUE are desirable, agronomic and socio-economic factors may 

limit farmers’ ability to make the improvements needed. Institutional conditions in the 

water management framework may also be conducive to this pattern (Carrillo-Guerrero 

2009a). Understanding the prevailing local environmental conditions in which farmers 

work is essential for improving WUE rates in any agricultural valley; more so in a water-

scarce region. The aim of this paper is to evaluate the potential for increasing WUE at the 

parcel level in the Mexicali Agricultural Valley, Mexico. The specific objectives are to 

determine: 1) to what extent Mexicali farmers are applying more water than needed 

during irrigations, 2) which factors may limit farmers’ capabilities to improve their WUE, 

and 3) which areas of the irrigation district may have a higher potential for farmers to 

achieve higher WUE rates, considering local agronomic and socio-economic conditions.  

 

Methods 

Study Area 

In the arid Northwest of Mexico, the Colorado River sustains its southernmost 

agricultural development in the upper portion of its delta (Figure B-1). The northern 

boundary of the Irrigation District 014-Rio Colorado is the international border between 
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Mexico and the US; 89 km in the Baja California Norte (MX)-California (US) border 

region and 3.3 km in the Sonora (MX)-Arizona (US) border region. To the south, lie the 

coastal estuaries of the northern portion of the Gulf of California. The fields of this 

agricultural valley spread across the borders of the Mexican States of Sonora and Baja 

California Norte. Surrounded by Mexico’s share of the Sonoran Desert (East), and the 

coastal desert of the Baja California Peninsula (West), the Colorado River meandered and 

deposited fertile sediments before reaching the sea.  

 

On the eastern margin of the river, farmers cultivate 27,980 hectares (69,140 acres) that 

lie within the Municipality of San Luis Rio Colorado, Sonora. On the western margin 

there are 180,280 cultivated hectares (445,482 acres) within the Municipality of Mexicali, 

Baja California Norte (CONAGUA, 2008c).  
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Figure B-1. The 22 irrigation modules of the Irrigation District 014-Rio Colorado, their 
main water source, and approximate location of survey’s parcels by crop. 
 
 
This study presents a dual assessment of the physical and socio-economic conditions that 

influence the farmers’ capabilities to reduce the amount of water applied per hectare in 

Mexico’s Irrigation District 014-Rio Colorado. As part of the socio-economic analysis, 

this study used a census-type survey methodology to obtain farmers’ perceptions of the 

potentials for improving their WUE; 521 farmers participated in the survey and 391 of 

them provided information needed to locate their parcels in the GIS. This article analyzes 

only the questions related to WUE; the farmers’ current irrigation practices and their 

environmental views are analyzed elsewhere. (Carrillo-Guerrero 2009a and 2009c).  
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No government agency has a database containing the contact information of farmers in 

the Irrigation District 014 and most live in the cities or towns surrounding the agricultural 

valley instead of on their land. They receive news and official notices from their Water 

Users’ Associations (WUA) or CONAGUA via public notices in the newspapers and 

postings in the offices of the irrigation modules. As phone and mail surveys are not 

possible, the only systematic method available for surveying farmers is by contacting 

them in person at the bi-annual meetings that occur at 22 irrigation modules. As the 

irrigation district is organized in these 22 water management micro-regions, applying the 

survey at these meetings provided the opportunity of including farmers from all over the 

valley. The questionnaires were applied before and after the meetings to most farmers 

attending using a census-type approach, where 85% or more of the farmers present at 

each meeting were asked to participate in the survey. The 521 farmers interviewed 

represent 3.25% of all registered farmers with water rights and these farmers cultivate 

13.9% of the irrigated area in the irrigation district.  

 

To determine how much water farmers are applying beyond what their crop needs, we 

compared the water they reported using with the amount of water estimated to cover the 

crop’s consumptive use plus the leaching requirement relative to the salt-content in the 

irrigation water and the crop that was being irrigated. The irrigation district can be 

divided in three regions, according to water sources (Figure B-1): 1) the area irrigated 

mainly by surface flows from the Colorado River delivered at Presa Morelos, also known 

as the Northern International Border (NIB), 2) the area irrigated predominantly with 
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water pumped out of the aquifer from wells located within the agricultural valley, and 3) 

the area irrigated with water delivered at Canal Sanchez Mejorada, also known as the 

Southern International Border (SIB), which is diluted with water pumped out of the wells 

located in the Mesa Arenosa de San Luis. The average salinity of each water source and 

the crop’s tolerance to salinity in the irrigation water (FAO, 1989) were used to estimate 

the plant-water requirements for Mexicali’s three main crops: wheat (Triticum durum), 

alfalfa (Medicago sativa) and cotton (Gossypium hirsutum). These estimates were used as 

the threshold values. The amount of water that all farmers reported applying in their 

survey was compared to these threshold values as an indicator of the rate of under or 

over-application of water to the fields.  

 

The survey applied to managers of the 22 irrigation modules consisted of 10 questions, 

only those questions regarding their estimate of average WUE rates at the parcel level 

and how they think it can be improved are analyzed here.  

 

Using data from those farmers who cultivated wheat, alfalfa, or cotton (293 of the 391 

total respondents added to the GIS), we divided farmers’ water application (AW) by the 

district’s legal allotment per hectare to determine the ratio of AW vs. Water Allotment. 

Each crops’ consumptive use (CU) was estimated by the agronomists of the regional 

office of the Ministry of Agriculture’s, SAGARPA (SAGARPA 2008). The data on AW 

was divided by the corresponding crop CU. The resulting ratio was interpolated using a 

five-neighbor Inverse Distance Weighting Method (IDW) (Babak et al. 2009) to generate 
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the maps of spatial distribution of water use vs. the crops’ CU. Using CONAGUA’s 

reported average water salinity measurements by source, we also calculated the leaching 

requirements (LR) for each of these questionnaires by crop and by water source. The LR 

was estimated using FAO’s (1989) formula (LR= ECw/ ((5*ECe)-ECw)); ECe’s crop 

tolerance for a 100% yield). The LR estimates by crop were used to calculate each crops’ 

plant-water requirements (PWR) using the formula PWR= CU/(1-LR). Each respondent’s 

AW value was divided by the estimated PWR to calculate the rate of over or under 

application of water relative to PWR. These ratios of were also interpolated using a five-

neighbor IDW method to generate the maps of spatial distribution of under or over 

applications of water by crop. Wheat’s spatial distribution of under or over applications 

of water is based on 211 questionnaires, alfalfa’s resulting maps were based on 55 

questionnaires, and the maps of water use for cotton were based in 27 questionnaires. 

 

Spatial Analysis:  

A geographic information system was developed in ArcGIS 9.2 to analyze how the basic 

soil and water characteristics prevalent in this irrigation district help determine the extent 

to which farmers can decrease the amount of water applied per hectare. Spatial 

information on soils series and textures, soil salinity and sodicity, depth of water table 

and water salinity was used to create a feasibility map for water conservation. The soil 

textures map was digitized from CONAGUA’s blue prints (1968) and geo-referenced 

using a satellite image of the study area. CONAGUA’s soil texture map classifies the 

irrigation district into three soil textures: fine (Imperial and Holtville soil series), medium 
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(Gila-H and Meloland soil series) and coarse (Gila-L and Superstition). CONAGUA 

differentiates Gila soil series in two: Gila-H is fine sandy loam over clay loam or over 

silty clay, while Gila-L is fine sandy loam over silty loam. 

 

Every five years, CONAGUA does a soil salinity and sodicity survey in the Mexicali 

Valley. CONAGUA’s database for 2004 of their soil monitoring sites and the 

corresponding database measurements of electrical conductivity (dS/m) and 

exchangeable sodium percent (ESP) were added to the GIS as a point feature layer. Later, 

a five-neighbor IDW interpolation was done to create the soil salinity maps and the soil 

sodicity maps for two soil profile depths (at 0-30cm and 30-60 cm.). 

 

CONAGUA’s blue print with the location of 1,015 piezometric monitoring sites was geo-

referenced and used to create the water-depth point-feature layer in the GIS. A digital 

database with CONAGUA’s logbook information on water table depth was created and 

joined to the GIS layer. Only the measurements for March of 1998, 2000, 2002, 2004, 

and 2006 were used because this is the month in which the districts’ three crop seasons 

overlap (autumn-winter, spring-summer, and perennials). March’s district-wide irrigation 

represents the highest water input on the fields on any month (12% annual water inputs) 

(CONAGUA, 2008e), making it easier to identify sites with drainage problems. All point 

measurements were reclassified as 1 if the original piezometric reading was less than 2 

meters from the surface and 0 if the water table reading was deeper than 2m for each 

year. The sum of the reclassified values for the five years was used to create a map of 
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water table depth variability in the Mexicali Valley. A site with the value of 5 means that 

it registered shallow water table for all the years studied, while 0 means that the site had 

no drainage problems in any of these years. This re-scaled point features layer was then 

interpolated using the IDW method to create a map that depicts the areas where the water 

table is too shallow during the month of March of the years studied.  

 

The salinity in the irrigation water is measured differently according to source and 

jurisdiction. The salinity of the water that is delivered to Mexico at Presa Morelos (NIB) 

and Canal Sanchez Mejorada (SIB) is measured at their entry point by the US-Mexico 

International Water and Boundary Commission (IBWC as the US Section and Comision 

Internacional de Limites y Agua, CILA, as Mexican Section). CONAGUA also makes its 

own measurements at these points as the salinity of the water delivered through Canal 

Sanchez Mejorada is highly variable and not subject to the salinity restrictions established 

in Minute 242 of the International Water Treaty (SRE 1974). SIB’s water is not delivered 

directly to farmers because CONAGUA has to first dilute the salt content by mixing it 

with water from the wells located in the Mesa Arenosa de San Luis. Once it is better 

suited for use in agriculture, this water is then conveyed through Canal Revolucion and 

distributed to fields located in the Sonoran portion of the district. Agricultural wells are 

the primary source of water in some areas in the northeastern part of the district (Figure 

B-1). CONAGUA carries out an annual survey of agricultural wells every September; all 

aquifer withdrawals stop for three days after which the depth of the static level of the 

water is measured and water samples are taken.  
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To create the water salinity layer, the irrigation district was divided in the three zones 

mentioned (see Figure B-9vi). The region irrigated mainly with Colorado River flows 

entering Mexico through Presa Morelos (NIB) had a value of annual water salinity 

measured by CONAGUA at this site of 1.49 dS/m. The area irrigated mainly with the 

mixed flows of Colorado River/Yuma agricultural drains (entering at SIB) and the water 

from the Mesa Arenosa de San Luis Wells had an annual average salinity of 1.65 dS/m 

measured at the beginning of Canal Revolucion. For the area irrigated mainly with 

agricultural wells, the annual salinity measurements of 257 agricultural wells in the 

valley were interpolated using a 10-neighbor IDW method to create the water salinity 

raster for the region served predominantly with water sourced form the aquifer. The first 

two regions were rasterized using their water salinity values and then merged with 

interpolated aquifer salinity to create one water salinity raster. 

 

Although not all farmers surveyed provided enough information to locate their fields in 

the GIS, 391 did. CONAGUA provided an Autocad layer that contained parcels, 

modules’ boundaries, ejidos and towns and these were added to the GIS in single layers. 

The questionnaires that could be spatially represented in a point-feature layer in the GIS 

were joined to the questionnaire database. Thus 75% of the farmers’ questionnaires were 

integrated into the GIS. Figure B-1 shows the distribution of their parcels within the 

study area.  
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Results 

Water Management Framework 

All surface and groundwater in Mexico belongs to the Nation and Mexico’s water 

authority is the National Water Commission, known as CONAGUA. As the Colorado 

River is an international river, the US-Mexico International Water Commission oversees 

the US-to-Mexico deliveries of Colorado River flows (from the US-IBWC to Mexico’s 

CILA). Upon entering Mexico, CILA gives control of the flows to CONAGUA. 

Mexico’s reception of Colorado River flows adheres to a water demand calendar that has 

to be notified to the US with a year in advance. This schedule may be modified by as 

much as 20% month at Mexico’s request; however, requests for changes must be 

submitted at least one month in advance (SRE 1944). The district operates with two 

different calendars: a) the civil calendar for scheduling the water demand of Colorado 

River Flows according to the Treaty’s guidelines and b) the agricultural calendar, which 

runs from October to September the following year, from which all water use statistics in 

Mexico are reported.  

 

The allocation of water in the district is determined by the district’s hydraulic committee. 

This committee is presided over by CONAGUA’s Chief of the Irrigation District 014-Rio 

Colorado (ID014). The Presidents of the 22 irrigation modules, a representative of each 

State Government, SAGARPA, and the district’s Water Users Association participate in 

this committee. Although each module has a concession title that specifies the hectares of 

water rights allocated to them, the volume of water actually delivered per hectare of 
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water right is determined by the committee. Currently, the legal allotment per hectare as 

agreed by the district’s Comite Hidraulico (2005) is “117 liters per second in a 24-hrs 

period”. This amount is equivalent to a total allocated volume of 10,108.8 m3/ha/yr (3.31 

acre-feet/acre/yr). If the parcel’s soils are sandy or if the farmer chooses a high-water use 

crop, he is supposed to complement his water rights with water acquired from the Water 

Bank or through private transactions with other farmers.  

 

As a consequence of the tightening of the water delivery system in the US, flows that 

exceed Mexico’s water entitlement are to be minimized (USBOR 2009). The intention is 

to limit the deliveries to Mexico to the exact Treaty obligation. The result of this policy is 

that in some months, the water delivered may be slightly below what Mexico 

programmed (CONAGUA 2008b). These types of unanticipated changes in the US-to-

Mexico water deliveries are small, short-termed and fully compensated by the end of the 

year. Nevertheless for Mexico’s ID014, an eight-hour delay in the programmed deliveries 

or a drop of even 0.5m3/s in the scheduled flow causes a ripple effect throughout the 

water conveyance system by affecting the level that has to be maintained in the canals 

(Figueroa, 2009). There are no reservoirs to buffer these variations. This is especially 

problematic during the months of highest water demand in Mexico (March and April), 

when the districts’ agricultural cycles coincide (autumn-winter crops, spring-summer 

crops, and perennials). To satisfy the demand for water in agriculture during these 

months, Mexico has sometimes requested the US for higher volumes than those 

programmed, which are then balanced out of the volumes programmed for later months. 
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Thus, water scarcity is apparent instead during the last three months of those years in 

which Mexico requests changes in the water demand calendar.  

 

Depending on the flow differential, water managers in the district have had as much as 3-

5 day delays in the irrigation schedule (Figueroa 2009). In a region that experiences 

average March to October temperatures of 26° Celsius (79° Fahrenheit), the timing of 

irrigation becomes crucial. However, the cities have priority and their supply cannot be 

curtailed (CONAGUA 2004). Thus, the crops dependant upon surface flows do not 

receive the water they need until the appropriate water level in the system can be re-

established; the delays are greater for parcels at the west end of the canal network than 

for those nearest to Morelos Dam.  

 

Water Supply and Demand  

The total volume expected to be available in the Irrigation District 014-Rio Colorado per 

year is 2,737.53 Mm3, however, the net volume available for use is lowered by the 

different water conveyance efficiencies in the network (Table B-1).  
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Table B-1.- Water sources of the Irrigation District 014-Rio Colorado and water 
conveyance and delivery efficiencies.  
 
Water Sources (programmed)*: Volume (Mm3)

Colorado River Flows
US-to-Mexico deliveries at NIB 1667.234

0 US-to-Mexico deliveries at SIB 173
Mexicali Aquifer:

1 Federal Wells Mesa Arenosa (Minute 242) 197.3
1 Federal Wells Managed by WUA and modulos 500
1 Volume Concessioned to Private Wells 200

Water supply (gross volume) 2,737.53

Conveyance and delivery efficiency**:

Conagua's conveyance infrastructure 97%
WUA conveyance infrastructure 93%
Modulos'  delivery infrastructure 85%
Global efficiency 76%

Water supply (net volume)*** 2,083.04  
 
* CONAGUA, 2008c. 
** CONAGUA 2005 
*** Calculated from: CONAGUA 2008c and CONAGUA 2005. 
 

Water Salinity  

The average monthly variation during 2004-05 is presented in Figure B-2; the spatial 

variability of the irrigation water salinity is presented in Figure B-9vi. The months where 

higher volumes are delivered at NIB correspond with lower salinities (March and April). 

The water that has a higher concentration of salts comes from the agricultural wells that 

pump water out of the aquifer, but in some months, the higher salt-content is in the US-

to-Mexico Colorado River deliveries at SIB. 
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Figure B-2. Monthly variation of salt content in the irrigation water for the agricultural 
cycle of 2004-05 (ppm) (from CONAGUA 2008d). 
 
 

Water Use Efficiency  

The water volume given through concessions for agricultural use is 86.4% of the 

district’s total supply. Most of this volume is used to grow three dominant crops, 

highlighted in Figure B-3, where the crops grown in the Mexicali agricultural valley are 

presented (SAGARPA 2008). 
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Figure B-3. Crop-consumptive use and average water applied in the Mexicali 
Agricultural Valley (Source: SAGARPA 2008). 
 

During the 2006-07 agricultural year, most of the land under cultivation was dedicated to 

wheat (47%), while alfalfa and cotton comprised 17% and 14% of cultivated acreage, 

respectively. These crops are grown in 74% of the area irrigated with Colorado River 

surface flows, 86% of the area irrigated with groundwater pumped by federal wells and 

76% of the area serviced with groundwater drawn from wells under private concessions.  

 

Irrigation efficiency is not measured once the water is applied in the fields; however it is 

estimate to be around 65% (CONAGUA 2006a). During the interviews, the managers of 

the irrigation modules estimated that farmers in their modules have an average of 74% of 
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efficiency in water use at the parcel level; the range estimated varied among modules 

between 60-95%. Cultivating in an unleveled field is one of the prime causes for low 

irrigation efficiencies. The managers of the irrigation modules interviewed estimated that 

on average 87% of the modules’ area under cultivation is laser-leveled. The main 

obstacle identified by water managers with respect to improving WUE in the fields is the 

cost of such improvements which may be above what the average farmer can afford. As 

field conditions are not homogenous through the agricultural valley, this is an estimate 

drawn from the experience of local agronomists and water managers. The last 

measurement of WUE is made at the point in which the module’s canal meets each 

parcels’ canal. This is where the district measures irrigation efficiency at the parcel, 

which is a measurement of the delivery efficiency to the parcel but not of how efficiently 

it is used in the fields. The district’s efficiency in water delivery measured at the parcel 

was estimated to vary spatially between 65-84% for the period 1977-1990 (Bernal 1993). 

The variation is dependant upon the water source and the canal’s characteristics. In the 

agricultural cycle for 2004-2005, CONAGUA reported an efficiency of 74.83% in the 

deliveries to users (CONAGUA 2008c).  

 

Three ratios were estimated to serve as indicators of the WUE at the parcel level for 

Mexicali’s dominant crops. The amount of water applied by farmers in the survey was 

compared with: a) the legal allocation per hectare in the district, b) SAGARPA’s 

estimations of crop consumptive uses, and c) the estimated plant water requirement. 

Survey results show that for all 521 surveyed farmers, the average water applied per 
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hectare was 10,496 m3/yr and the mode was 10,108 m3/ha/yr. The average water use 

reported is barely 4% higher than the legal entitlement for each hectare of water rights; 

the median matches the entitlement exactly. The allocation per hectare is the same for all 

water rights, despite the crop, the antiquity of the water rights, or how many hectares are 

held by a single farmer.  

 

The crop-consumptive uses (CU) for Mexicali’s three main crops estimated by the 

Ministry of Agriculture are 65 cm for wheat (25.5 inches), 160 cm for alfalfa (63 inches), 

and 89 cm for cotton (35 inches) (SAGARPA 2008).These are the crops’ 

evapotranspiration estimated by SAGARPA under standard conditions as defined in 

FAO’s Irrigation and Drainage Paper No.56 (1990). However, “standard” conditions are 

not the field conditions prevalent in the Mexicali Valley, thus these CU and the salinity in 

the irrigation water (via LR) were used to estimate each crops’ PWR.  

 

Figure B-4 presents the mean and median volumes of water that farmers reported using, 

the estimated plant-water requirement that varied according to crop and water source, and 

SAGARPA’s estimate of each crop’s consumptive water use. The average water salinity 

for the three main sources was used to estimate the PWR in Figure B-4. Wheat farmers 

can grow this crop without surpassing their allocated volume per hectare. AW in cotton 

fields as reported by surveyed farmers surpassed the legal allocation by less than 10%. 

Despite alfalfa being a high-water-consuming crop, farmers grow it because of its high 

returns compared to cotton and wheat. In contrast with wheat and cotton farmers, alfalfa 
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growers reported using less water than the estimated plant-water requirement; still, the 

average water application in alfalfa fields surpassed the district’s legal allocation per 

hectare by 35%. 
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Figure B-4. Mexicali’s three main crops with water requirements and applications, the 
dot line represents the district’s legal allotment per hectare per year (10,108.8 m3 per year 
per hectare). 
 
On average, all surveyed farmers that cultivate wheat, alfalfa or cotton had a ratio of 

water applied vs. the crops’ water requirement of 1.23 (23% of over-application). 

However, the under/over applications of water relative to the plant-water requirements 

need to be analyzed by crop and by water source to provide better indicators of water use. 

The average annual electrical conductivity of the irrigation water of these sources is 
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presented in Table B-2 along with the crops’ consumptive use and their plant-water 

requirement by source.  

 

Table B-2. Water applications as percentage of crops’ consumptive use and plant-water 
requirements by source of irrigation water. 
 

P.Morelos C.Revolucion AgWells
Salinity of the irrigation water (dS/m) 1.49 1.65 2.27

Wheat (N=336) (CU=650 mm) n= 190 n= 81 n= 65
Plant-water requirement (PWR)**(mm) 686 (106% CU) 690 (106% CU) 708 (109% CU)
Water applied (mean) (mm) 959 ( 104%PWR) 980 (142% PWR) 960 (136% PWR)
Water applied (median) (mm)  959 ( 104%PWR) 1,011 (147% PWR) 1,002 (142% PWR)

Alfalfa (N=101) (CU=1,600 mm) n= 62 n= 20 n= 19

Plant-water requirement (PWR)** (mm) 1,956 (122% CU) 1,991 (124% CU) 2,265 (141% CU)
Water applied (mean) (mm) 1,322 (68% PWR) 1,454 (73% PWR) 1,442 (64% PWR)
Water applied (median) (mm) 1,200 (61% PWR) 1,440 (72%PWR) 1,400 (62% PWR)

Cotton (N=43) (CU=890 mm) n= 12 n= 7 n= 24

Plant-water requirement (PWR)** (mm) 927 (104% CU) 932 ( 105% CU) 949 (107% CU)
Water applied (mean) (mm) 1,158 (125% PWR) 1,092 (117% PWR) 1,082 (114% PWR)
Water applied (median) (mm) 994 (107% PWR) 1,080 (116% PWR) 1,028 (108% PWR)  
 
 
The salinity in the irrigation water affects alfalfa crops more than cotton and wheat due to 

its lower salt tolerance (FAO 1990). This is reflected in each crop’s plant-water 

requirement relative to the consumptive use. On average, the highest water applications  

for wheat and alfalfa fields was made in parcels whose water source is the mixed flows 

delivered through Canal Revolucion. For cotton, the parcels where higher water 

applications were reported are sourced by surface flows delivered through Presa Morelos. 

 

As water salinity varied by source, three different plant-water requirements were 

calculated for each crop. Although most wheat and cotton farmers reported applying 

more water relative the crop’s CU and PWR than alfalfa growers, alfalfa fields are the 

ones receiving more water relative to the district’s legal allocation per hectare. Although 
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92% of the wheat parcels, 39% of the alfalfa parcels, and 67% of the cotton parcels are 

receiving more water than the estimated PWR; these high percentages are not enough to 

judge the over-application of water as they fail to inform the actual volume over-applied, 

which is a more important measure. Thus, Figures B-5, B-6 and B-7 present the amount 

of farmers that are under-applying and over-applying water relative to the estimated PWR 

by crop and by source.  
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Figure B-5. Wheat: actual water use relative to the crop’s plant-water requirement 
(PWR) by source of irrigation water (% of parcels). 
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Figure B-6. Alfalfa: actual water use relative to the crop’s plant-water requirement 
(PWR) by source of irrigation water (% of parcels). 
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Figure B-7. Cotton: actual water use relative to the crop’s plant-water requirement 
(PWR) by source of irrigation water (% of parcels). 
 
The spatial distributions of water application vs. crop-consumptive use and plant water 

requirements of wheat, alfalfa and cotton are presented in Figure B-8. The 211 

questionnaires used to build the spatial representation of wheat parcels’ water use, are 

well distributed within the district. Compared to wheat, the number of questionnaires 

usable for alfalfa (55) and cotton parcels (27) require that these maps are interpreted with 

caution.  

 

Wheat fields may be receiving on average 1.47 times more than the estimated 

consumptive water use for this crop (Figure B-8i). However, the spatial distribution of 



105 

the interpolated ratio of water use over leaching requirement shows that in general, wheat 

producers may be providing 1.34 times more water than PWR (Figure B-8ii). For alfalfa, 

the mean interpolated ratio of water applied vs. alfalfa’s consumptive water use is 0.84 

and the mean interpolated ratio of water applied vs. the crop’s water requirement adjusted 

for the salinity of the water source is 0.67 (Figures B-8iii and B-8iv). For the Cotton 

fields, the interpolated results indicate that the average ratio of water applied vs. cotton’s 

consumptive water use and vs. the cotton’s water requirement was 1.26 was 1.19, 

respectively (Figures B-8v and B-8vi).  
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Figure B-8. Spatial interpolation of the ratios of AW/CU and AW/PWR for Mexicali’s 
three main crops according to farmers’ responses in the survey. 
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Soil Texture 

Using the digitized soil texture map (Figure B-9vii), the Mexicali Agricultural Valley is 

composed of 18% fine textured soils (clays), 52% medium textured soils (silts), and 30% 

coarse textured soils (sands). Soil texture also influences farmers’ decisions regarding 

water use. Tables B-3, B-4 and B-5 present the average water application in the fields by 

crop type and soil texture as reported by farmers in the survey. Only those questionnaires 

located in the GIS are analyzed here (211 for wheat, 55 for alfalfa, and 27 for cotton). 

The number of questionnaires by soil texture is presented only in Table B-3, but applies 

to Tables B-4 and B-5 as well.  

 

Table B-3. Average applied water (cm, n=number of questionnaires). 
 
Soil Texture Wheat (cm ) Alfalfa (cm) Cotton (cm) 
Fine 93,  n=29 159,  n=5 93,  n=2
Medium 93,  n=113 133,  n=23 116,  n=15
Coarse 100.8,  n=69 134,  n=26 112,  n=10  
 

Table B-4. Applied Water over Allocation per hectare (10,108.8 m3/ha) 
 
Soil Texture Wheat Alfalfa Cotton 
Fine 0.92 1.57 0.92
Medium 0.93 1.31 1.14
Coarse 0.99 1.33 1.11  
 

Table B-5. Applied Water over Plant-Water Requirement (according to water source) 
 
Soil Texture Wheat Alfalfa Cotton 
Fine 1.34 0.79 0.97
Medium 1.35 0.67 1.23
Coarse 1.46 0.67 1.19  
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Soil Salinity & Soil Sodicity  

The salinity and sodicity of the soils is another factor to consider when determining the 

potential for saving water. Sodic soils need to be reclaimed before extra water is applied 

to leach salts. Salt-affected soils need extra water to leach the salts accumulated. This 

extra water is beyond the estimated plant water requirement. It is important to note that 

the previous analysis comparing applied water to plant-water requirements does not 

include the extra water needed to leach pre-existing salts in soils, only those incoming in 

the irrigation water. Table B-6 presents a salt balance for Mexicali’s Agricultural Valley. 

Considering that almost 30% of the salt load contained in the irrigation water remains in 

Mexicali’s soils, it is expected that the previous estimates of plant-water requirements 

need to be further adjusted accordingly.  

 

Table B-6. Salt accumulation in Mexicali soils during the 2004-05 agricultural cycle 
(calculated from CONAGUA 2008f). 

Salt Inputs via 
Irrigation Water 
(metric tons/yr)

Distribution of Salt 
Load (%)

Salt 
Accumulation 

(metric tons/Ha)
Salt load in irrigation water 2,934,519.09 100% 11.74
Salt output via agricultural drains 1,053,246.86 35.89% 4.21
Salt accumulation in aquifer 726,400.00 24.75% 2.91
Salt balance (accumulating in soils) 1,154,872.23 39.35% 4.62  
 
 

After interpolating CONAGUA’s point measurements of soil salinity at 0-30cm deep, 

more than 55,650 ha (22%) of Mexicali’s farmland appear to be salt-affected soils (>16 

dS/m) (Figures B-9i and B-9ii). The area affected by sodium (>50% ESP) measured at 0-

30cm deep is 47,573 ha (19%) (Figures B-9iii and B-9iv).  
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Drainage problems 

In some areas of the Mexicali Valley drainage problems are common. The five-neighbor 

interpolation of CONAGUA’s database for water table depth sampling sites resulted in 

8% of the district with shallow water tables (< 2 m deep) during more than three of the 

five years analyzed (Figure B-9v).  

 

Water Conservation Potential  

The potential for improving the water use in Mexicali’s parcels is influenced by several 

agronomic factors. Each variable was classified from 1-5, according to how it would 

affect WUE: 1=more conducive to improved efficiency and 5= less conducive to 

improved efficiency. Each variable is represented in a raster; the soil salinity and sodicity 

have two sampling depths (0-30cm and 30-60cm) thus each depth is a different layer. The 

soil’s salinity and sodicity classifications of soils reflect their effects on plants (FAO 

1989). The threshold for water table depth of 2 meters is recommended by FAO as an 

indicator of drainage problems (FAO 1990). The classification of the irrigation water 

salinity used was introduced by FAO in its irrigation training manual No.1 (1985). The 

soil texture classification of the irrigation district used in the analysis was digitized from 

CONAGUA’s Soil Texture Map (SARH 1979).  

 

The ranking scheme used to classify the irrigation district in Figure B-9 is based on the 

seven variables listed below. Each variable was classified in five categories, the 

classification criteria are specified in Table 7.  
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a) Soil salinity for 2 depths: (Figures B-9i and B-9ii):  

b) Soil sodicity (Figures B-9iii and B-9iv) 

c) Depth of water table (March) for the years 1998, 2000, 2002, 2004, 2006 (Figure B-

9v). The categories from 1-5 depended on how many years each cell registered a shallow 

water table (less than 2 meters deep).  

d) Water salinity (Figure B-9vi): 

e) Soil texture (Figure B-9vii) 

 

Table B-7. Classification criteria for each agronomic variable used in the relative ranking 
scheme.  

Classification Soil Salnity Soil Sodicity Water Table Depth
Salinity of 
Irrigation Water Soil Texture

(EC, dS/m) (ESP, %)
(No. years with depth 

<2m) (EC, dS/m)

1 0-2 <15 1 0.7 coarse
2 2-4 15-30 2
3 4-8 30-50 3 0.7-3.0 medium
4 8-16 50-70 4
5 >=16 >=70 5 3 fine  

 
 
By adding up all layers, a relative ranking scheme was created; the minimum score could 

be 7 while maximum that could be reached is 35.The overlay of all the variables’ rasters 

resulted in a classified map that has an actual range of 9-28 and was re-classified into five 

equal-interval categories (Figures B-10i and B-10ii, respectively). 
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Figure B-9. Spatial variability of agronomic factors influencing the potential for 
improving WUE in parcels of the Irrigation District 014-Rio Colorado.  
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Figure B-9 (continued). Spatial variability of agronomic factors influencing the potential 
for improving WUE in parcels of the Irrigation District 014-Rio Colorado.  
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Figure B-10. Classification of the Irrigation District 014-Rio Colorado according to the 
factors influencing the capability of improving WUE at the parcel level. 
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Farmers’ perceptions on improving WUE 

The WUE at the parcels is estimated at 65%, varying accordingly to soil types and 

irrigation practices (CONAGUA 2006). During the interviews, the modules’ 

representatives estimated that farmers in their modules have an average of 74% of 

efficiency in water use at the parcel level; the range estimated varied among modules 

between 60-95%. Cultivating in an unleveled field is one of the causes for low irrigation 

efficiencies. The interviewed representatives estimated that on average 87% of the 

modules’ area under cultivation is laser-leveled.  

 

The main obstacle identified by water managers with respect to improving WUE in the 

fields is the cost of such improvements which may be above what the average farmer can 

afford. In their views only farms larger than 80 hectares can afford irrigation technologies 

costing around $1,200 US dollars per hectare. However, 56% of Mexicali farmers own 20 

hectares or less and spend 2/3 of their income to cover basic food and housing expenses; 

education, transportation, and other expenses may be using the rest. Figure B-11 

summarizes farmers’ responses on actions they thought could possibly help them 

improve their WUE. Although most farmers surveyed believed that they could potentially 

improve it (82%), they have not carried out any of their options because of the high costs 

(79%).  
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Figure B-11. Farmers’ ideas as to how could they potentially improve their WUE. 
 
 
Discussion  

Less contributing snowmelt reaches the Colorado River water storage reservoirs (Barnett 

and Pierce 2009) while withdrawals are greater even than the average inflows (SNWA 

2009), yet Surplus Interim Guidelines were declared in 2001 to allow California to use 

more of its share (USBOR 2001). Although the temporary surplus benefited one state 

only, the shortages that follow are expected to be share by all users, even Mexico. To 

counteract shortages, water managers are betting on higher WUE rates. Yet, higher 

efficiency rates are unlikely to be achieved in the short term in Mexicali, much less in the 

immediate short term in which shortages are expected. As the “treaty-based delivery 
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obligation to Mexico is the senior priority on the Colorado River” (MacDonnell et al. 

1995), it is a matter of debate among water managers in the two countries whether 

deliveries to Mexico can be short changed when the cause is not proven to be an 

“extraordinary drought” in the watershed. The periodicity of droughts is common in this 

watershed; harsher and longer droughts have occurred but they happened before the over-

estimation of annual river flows led to the allocation of rights to divert river flows beyond 

the river’s carrying capacity. The shortages anticipated by the reservoir depletion rates 

can be considered by some to be caused by dry conditions worsened by the over-

allocation of water rights in the US and further exacerbated by the negligent allowance of 

a non-existing surplus declared at the onset of drought.  

 

As the actual water supply differs from the programmed or anticipated flows according to 

the US-to-Mexico deliveries, day-to-day “auxiliary” volumes have to be withdrawn from 

the aquifer to supplement the difference between the water demand vs. surface flows 

delivered plus programmed groundwater extractions. Unlike the US-to-Mexico 

deliveries, these auxiliary withdrawals from the aquifer cannot be balanced out by the end 

of the year. 

 

Irrigation efficiency is a point of contention among competing water users, especially 

with regards as to who will the conserved water will be made available. Expanding cities 

and industries may like higher efficiency rates in irrigation districts to further agriculture-

to-municipal water transfers. Farmers may prefer that the water conserved through higher 
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efficiency rates be used to allow more hectares to be irrigated (spatially or temporally) 

and not used as a reason to diminish the availability of water for agriculture. 

Environmental advocates will prefer that the conserved water be dedicated as instream 

flows for the ecosystem’s sustainability. As the scarcity of freshwater becomes more 

apparent to more users, water accountability would be increasingly demanded. 

 

The vast size of this irrigation district and the heterogeneity of agronomic conditions in 

Mexicali are the reasons why the irrigation district or the modules have not yet measured 

the irrigation efficiency in Mexicali’s fields. As WUE can still be improved on the 

delivery side, water conservation strategies have not targeted the application side. For 

now, higher WUE in the fields may be too expensive to pursue, thus its exact 

measurement has not reached a priority status yet; only recommendations have been 

issued (CONAGUA 1997).  

 

Some types of irrigation technologies may not suitable for long-term use in the Mexicali 

Valley considering the variable conditions of salinity in the water. The salinity content in 

the water deliveries agreed in the Minute 242 of the 1944 International Water Treaty 

applies only to the annual average salt load of the water delivered to Mexico through the 

Northern International Border (NIB, Morelos dam). In the last year, water delivered 

through the Southern International Border (SIB, Canal Sanchez Mejorada) averaged 1.97 

dS/m in electrical conductivity. The salinity in the water withdrawn from agricultural 
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wells in the valley has an average of 2.7 dS/m, which may be high enough to build-up 

mineral deposits that plug some precision irrigation systems. 

 

Unlike the water that might be conserved in the fields, the potential volume saved if 

efficiency levels are raised in the conveyance and delivery side are public goods, and thus 

subject to Mexico’s National Water Law priority use criteria. If government funds pay for 

such improvements, the user with first rights to it will be population centers 

(CONAGUA, 2004). A binational agreement could also be considered regarding the 

potentially conserved public volumes with the purpose of banking that water for the 

district’s use in dry times. 

 

Conclusions   

Results from the geospatial analysis show that increasing WUE is not feasible in all areas 

within the Mexicali Agricultural Valley due to existing soil salinity and sodicity 

conditions coupled with highly variable water salinity. In these salt-affected soils, 

reclamation should precede the pursuit of higher efficiency rates in irrigation to avoid 

further expansion of imperiled soils in the region. These changes are unlikely to be done 

in the short term, even if the funds required for such an extensive overhaul were readily 

available, which they are not.  

 

The average water use reported by all farmers in the survey is barely 4% higher than the 

legal entitlement for each hectare of water rights. Wheat farmers can grow this crop 
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without surpassing their allocated volume per hectare. Cotton requires more water than 

wheat; however, cotton farmers reported surpassing the legal allocation by less than 10%. 

In contrast with wheat and cotton farmers, alfalfa growers reported using less water than 

the estimated plant-water requirement; still, the average water application in alfalfa fields 

surpassed the district’s legal allocation per hectare by 35%. On average, all surveyed 

farmers that cultivate wheat, alfalfa or cotton had a ratio of water applied vs. the crops’ 

water requirement of 1.23 (23% of over-application). However, the under/over 

applications of water relative to the plant-water requirements need to be analyzed by crop 

and by water source to provide better indicators of water use. On average, the highest 

water applications for wheat and alfalfa fields was made in parcels whose water source is 

the mixed flows delivered through Canal Revolucion. For cotton, the parcels where 

higher water applications were reported are sourced by surface flows delivered through 

Presa Morelos. 

 

The main obstacle identified by water managers of the irrigation modules with respect to 

improving WUE in the fields is the cost of such improvements which may be above what 

the average farmer can afford. The typical Mexicali farmer has less than 20 hectares (49 

acres), attended less than 9 years of formal education and dedicates around 67% of his 

income to provide food and housing for their families. Survey results agree with water 

managers’ perceptions in that although most Mexicali farmers are interested in improving 

irrigation practices, the associated costs are considered prohibitive. 

 



120 

If the pressure to achieve higher rates in WUE is not coupled to government subsidy 

programs that help small-scale farmers pay for the costs of improving WUE and soil 

sustainability, the temporary transfers of water rights may become permanent. Without 

support, the high costs and know-how required to make significant improvements limit 

the options available for these small-scale farmers to either continue irrigating their 

parcels in the “low-frequency, high-volume, total-area” mode (FAO 1997) or rent/sell 

their water rights or their land to larger farming operations or urban developments. The 

participation of farmers in this research is invaluable and proved their interest in 

improving their irrigation practices and conserving water; even if these are considered to 

be beyond their means. 
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Abstract 

In arid lands, wetland loss is the result not only of the scarcity of water itself, but of the 

management of water to maximize off-stream uses. Declaring a wetland as a protected 

natural area is not enough when its water supply is not protected as well. The loss of 

water supply in at least 2,500 km of rivers and 92 springs in Mexico (Contreras-Barrera 

1994) reflects the importance of securing wetlands’ water sources. As environmental uses 

are 5th in the water allocation order of priority in Mexico, in arid regions, the 5th 

position’s modus vivendi is betting on accidental flow releases, improbable rains or 

subsurface flows. The wetlands in the delta of the Colorado River exemplify this. 

Although, numerous papers regarding this Colorado River delta wetlands’ biological 

diversity have been published, these wetlands have been altered, fragmented, and reduced 

to nearly 20% of their early 1900’s extent. As agriculture is the major recipient of 

diverted flows of this “over-allocated, fully-diverted, drought-prone Colorado River,” 

concerned scientists and environmental advocates consider a more efficient use of water 

could contribute to the restoration of the Colorado River ecosystem basin-wide.  

 

The aim of this paper is to provide a better understanding of the interrelationship between 

the agriculture’s water use and water supplies to the wetlands of the Colorado River 

delta. The specific objectives are: 1) to analyze the framework that defines the nature of 

the relationship between wetlands, water, and agriculture in Mexico and 2) to evaluate 

the main sources of water currently available to the delta wetlands and their link to 

agricultural water use in Mexico’s Irrigation District 014-Rio Colorado. A GIS was built 
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to analyze the spatio-temporal information of the irrigation district’s zonal water 

distribution and it was complemented with an analysis of stakeholders’ opinions. 

Environmental and social scientists and advocacy organizations participated in one 

survey (30 participants from both countries), while 521 Mexicali farmers participated in 

another district-wide survey. Using the information provided by CONAGUA on water 

use by irrigation module, the district’s records of inflows and outflows, and the farmers’ 

responses, I created a spatial representation of water use and drainage flow relative to the 

delta wetlands. Two water balances were estimated as means to clarify the relationship 

between water use in Mexicali’s irrigation district and potential water availability for the 

delta wetlands. 

  

Farmers in the Irrigation District-014 Rio Colorado like water flowing in the river. When 

their water rights are delivered, they do not consider river flows as their own but 

everyone’s right and responsibility. When their water rights are not being delivered and 

the risk of loosing their crops threatens their livelihood is when farmers consider water 

flowing downstream as wasted. Notably, the degree of awareness of the relationship 

between the agricultural valley, the water of the Colorado River, and the delta ecosystem, 

was clearer for farmers than for scientists and environmental advocates. The assumption 

that higher efficiencies in agriculture would mean more water available to sustain the 

Colorado River delta wetlands is not likely to be an effective strategy for the 

environmental community unless these changes are coupled with an allocation of the 

conserved water as instream flows. This is because higher efficiency rates mean the 
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reduction in the “operational releases” and “excess flows” discharged into the floodplain 

and the reduction of water applied to croplands. These “inefficiencies” in water 

conveyance and use are now the main source of water of the delta wetlands. Their 

reduction has already resulted in the decline of the ET rates in most of the wetland areas 

in the delta.  

 

Water availability for the Colorado River delta ecosystem is still a dependant upon flows 

not fully-diverted and the aquifer not being over-drafted. Being an international river, one 

strategy is not enough to provide the water the Colorado River delta ecosystem needs. In 

order to increase the probability of maintaining the health and diversity of the Colorado 

River delta wetlands, the restoration framework should not be defined in the traditional 

“agriculture vs. the environment” terms. Acknowledgment of the Mexicali Agricultural 

Valley as an integral part of the delta ecosystem is a required change in the agriculture-

wetland paradigm. The restoration of wetlands of international watersheds like the 

Colorado River requires that the bi-national collaboration extends beyond memorandums 

of understanding between the countries into treaties where environmental flows are 

actually allocated. 

 

Introduction 

As of 2008, Mexico has declared 86 areas as Wetlands of International Importance under 

the Ramsar Convention. As such, nearly 5.9 million hectares of wetlands are under some 

type of protection (CONAGUA 2008); 18% of these areas are in arid or semi-arid lands 
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in the northern half of the country (calculated from CONAGUA 2008a). Paradoxically, 

these critically fragile arid-zone wetlands may be protected ecosystems but their water 

supply is not. The loss of water supply in at least 2,500 km of rivers and 92 springs in 

Mexico (Contreras-Barrera et al. 1994) reflects the importance of securing wetlands’ 

water sources. Seasonal variability is natural in desert rivers; their temporal flow 

determines the uniqueness of a wetland. Water deprivation of rivers and groundwater 

systems affects not only the aquatic ecosystem; people’s livelihoods are also threatened 

(Dyson et al. 2003).  

 

“Where wetlands have been eliminated in the name of irrigation, the results have usually 

been regretted” (FAO 2002). As “wetlands and people are ultimately interdependent” 

(Kingsford 1997), in water scarce regions, this inter-relationship is crucial in the 

livelihoods of the surrounding human communities where wetlands are truly a “lifeline 

for people at the edge” (Silvius et al. 2001). And yet, wetlands are usually not considered 

when water is allocated among users. Environmental flows are “the water regimes 

provided within a river, wetland, or coastal zone to maintain ecosystems and their 

benefits where there are competing water uses and where flows are regulated (Dyson et 

al. 2003). 

 

In Mexico, water is “...a public good under the domain of the federal government, vital, 

vulnerable, and finite, who has social, economic and environmental values, and whose 

preservation in quantity, quality and sustainability is the state’s and society’s fundamental 
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job...(CONAGUA 2004a).” The National Water Law (LAN) mandates CONAGUA not 

only to administer and custody Mexico’s water resources but also to “delimit, classify, 

and propose the rules for the protection, restoration, and use” of wetlands (CONAGUA 

2008a). Like river flows, the floodplains, lakes, reservoirs, aquifers and coasts are also 

un-alienable property of the Mexican Nation and most associated wetlands are thus 

included.  

 

The order of priority to be followed in the distribution of the country’s water resources is 

defined in the LAN (CONAGUA 2004a). It states that environmental uses are 5th in the 

water allocation line up; behind domestic use, municipal use, cattle ranching, and 

agriculture. In arid regions, the 5th position’s modus vivendi is betting on accidental flow 

releases, improbable rains or subsurface flows. Although Mexico is steadily moving 

towards a law that protects stream flows from being fully diverted for consumptive uses, 

she has yet to resolve what to do for the ecosystems where there are no un-allocated 

volumes left. This is why wetland ecosystems in the arid Mexico may be protected while 

their life-source is not.  

 

The ecological importance of the wetlands remaining in the delta of the Colorado River 

in Mexico’s northwest region cannot be overstated (Pitt 2001). Numerous papers 

regarding this ecosystem’s biological diversity have been published (García-Hernández 

2001; Glenn et al. 1996, 2001b, 2008; Hinojosa-Huerta et al. 2001, 2007, 2008; Mellink 

and Ferreira-Bartrina 2000; Mellink et al. 1996, 1997; Patten et al. 2001; Rodriguez et al. 
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2001; Rowelll et al. 2005; Tiegs et al. 2005; Zengel 1995) and several designations at the 

national and international level set it as a priority ecosystem (CONANP 2008, Ramsar 

2009).  

 

Two desert areas surround the delta, 61,430 km2 in Sonora and 10,100 km2 in Baja 

California. The closest southern freshwater wetland is about 630 lineal kilometers down 

the Gulf of California (Rio Yaqui delta). The amenities the delta wetlands provide to 

wildlife in the Pacific migratory routes cannot be replaced. As the southernmost wetlands 

in the Colorado River watershed, the delta ecosystem has demonstrated resiliency every 

time a major dam was constructed upstream (Nagler et al. 2005). However, the long 

period required to fill Lake Powell resulted in 17 years of a dry river bed (Glenn et al. 

2001b). More funds than flows may help explain why off-watershed population centers 

further unbalance the water demand relative to the Colorado’s annual supply. As a result 

of the overuse of water resources in the watershed, the Colorado dries up before reaching 

the sea (FAO 2002). The “long-term absence of environmental flows puts at risk the very 

existence of dependent ecosystems, and therefore the lives, livelihoods and security of 

downstream communities and industries (Dyson et al. 2003).”  

 

About 87% of the Colorado River flows are diverted to irrigate 2 million hectares of 

croplands in both countries (Anderson 2002). Through flow diversion and wetland 

conversion, agriculture has contributed to at least the near-desiccation of Aldo Leopold’s 

“green lagoons” (Leopold 1949). Yet, previous research has shown that Mexicali farmers 
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with lands adjacent to the floodplain, view a flowing river surrounded by riparian forests 

as beneficial to their livelihoods (Carrillo-Guerrero 2002). To some concerned scientists 

and environmental advocates, agriculture could make a more efficient use of water and 

contribute to the restoration of the Colorado River ecosystem basin-wide. Being the 

major recipient of diverted flows from the “over-allocated, fully-diverted, drought-prone 

Colorado River” (Carrillo-Guerrero 2009b), agriculture could be deemed the opponent in 

the quest for instream flows for the delta. These concerns are based on several 

assumptions: 1) agriculture and wetlands are mutually exclusive water users and as such 

competitors and 2) the lack of instream flows could be resolved if the existing 

inefficiencies in agriculture’s water use were to be reduced. Whittlesey (2003) contested 

the assumption that “water could be made available for other uses by increasing irrigation 

efficiency.” The Colorado River delta is an example of this, as agricultural 

“inefficiencies” are now the main source of water for environmental services in the delta 

wetlands.  

 

Thus, the aim of this paper is to provide a better understanding of the interrelationship 

between the agriculture and existing habitat types that are critical for biodiversity 

conservation in the Colorado River delta. The specific objectives are: 1) to analyze the 

framework that defines the nature of the relationship between wetlands, water, and 

agriculture in Mexico and 2) to evaluate the main sources of water currently available to 

the delta wetlands and their link to the current patterns of water use in Mexico’s 

Irrigation District 014-Rio Colorado.  
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Methods 

Study Area 

The Irrigation District 014-Rio Colorado (ID014-RC), known as the Mexicali 

Agricultural Valley, straddles the border of the States of Sonora and Baja California in 

Northwest Mexico. Engulfed in this irrigation district and between levees built to protect 

adjacent farmlands from flooding are the Colorado River and its wetlands. The district’s 

northern boundary is the US-Mexico international border, to the south are the coastal 

wetlands of the Upper Gulf of California, to the east is the city of San Luis Rio Colorado 

and the Altar Desert, and to the west is the city of Mexicali and the desert of the Baja 

California Peninsula (Figure C-1). To determine the potential effects that higher water 

use efficiency rates could have in the delta wetlands, I analyzed the current patterns of 

water use in Mexicali’s agriculture using a GIS built with spatio-temporal information of 

the irrigation district’s zonal water use. This is complemented with an analysis of 

stakeholders’ opinions on instream flows gathered through two questionnaire-guided, 

semi-structured surveys.  

 

Spatial Analysis 

The information provided by CONAGUA on water use by irrigation module (excel 

database and Autocad file), the district’s inflows and outflows (excel database), canal and 

drainage network (Autocad file), and location of agricultural wells (latitude/longitude 

coordinates in an excel file), were used to create a spatial representation of water use and 

drainage flow direction relative to the wetlands. The different wetland areas within the 
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Colorado River delta were digitized over a 1983 TM satellite image, reviewed by experts 

in the region, and added as a layer to the GIS.  

 

Stakeholders’ Perceptions  

Environmental and social scientists and personnel from advocacy organizations 

participated in a Colorado River Delta Workshop in February 2007. Most attendees 

agreed to participate in the survey (30/33). The questionnaire was self-administered prior 

to the beginning of the workshop and consisted of 8 questions, 3 about their work and 

area of expertise and 5 about the delta wetlands and agriculture. Of the latter, only the 

first question was open-ended, the other 4 statements asked respondents to select their 

position on these issues in a Likert scale: 1=strongly agree, 2= agree somewhat, 

3=neutral, 4=disagree somewhat, 5=strongly disagree and 0= I don’t know. 

 

As part of an extended research project, 521 Mexicali farmers participated in another 

survey, which consisted in a 3-part questionnaire (October 2007-December 2008). Their 

responses on water use and irrigation practices are analyzed elsewhere (Carrillo-Guerrero 

2009a and 2009b). In this paper, only the 4 questions related to the farmers’ perceptions 

and opinions on instream flows and the river’s associated wetlands are analyzed.  

 

This survey was administered through personal interviews with farmers attending the 

irrigation modules’ bi-annual meetings. Contacting farmers in person was the only viable 

option as the district does not have farmers’ contact information. The water managers’ 
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responsibility to notify users of issues relative to their water is limited to public notices 

on local newspapers or the modules’ bulletin boards. In each module, at least 85% of 

farmers attending were asked to participate; only 12 declined. Given the high rates of 

temporary transfers of water rights in the modules (Carrillo-Guerrero 2009b), only a 

fraction of the landowners participate in these meetings. Although every water right 

holder is expected to attend, the participants per module ranged between 12-35 farmers 

per module.  

 

About 75% of the farmers interviewed provided information on the location of their 

parcels (391/521), these were added to the GIS along with the survey database. A five-

neighbor Inverse Distance Weighting (IDW) (Babak, 2009) interpolation was done with 

the farmers’ responses for each of the 4 questions analyzed here. The purpose is to 

generate a spatial representation of the variability or invariability of their responses 

relative to the wetland areas.  

 

Estimation of Zonal Evapotranspiration from Modis images 

The average zonal evapotranspiration was estimated using the Enhanced Vegetation 

Index (EVI) from the Moderate Resolution Imaging Spectrometer sensor (ORNL DAAC 

2008) and the reference evapotranspiration (Penman-Monteith estimated ETo) published 

by the Arizona Metereological Network of the University of Arizona (AZMET) for the 

Yuma Valley station (AZMET 2001, 2004, and 2008). The boundaries of the irrigation 

modules were used to delimit the agricultural zones to account for the variability in water 
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management and use among them. Following the methodology developed by Nagler et al. 

(2005 and 2008) to estimate evapotranspiration from vegetation cover using Modis 

satellite images, I estimated the average annual evapotranspiration for each of the 

irrigation modules using zonal statistics. For the agricultural year 2004-2005, the average 

EVI vegetation index was estimated through the following process for all cells within the 

boundary of each of the 22 irrigation modules in the district. Using the boundaries of 

each module as the zones for analysis from Modis images, the mean zonal EVI value for 

each cell in all images was divided by 10,000 (EVIdecimal). Although the mean value 

used in the formula varied according to the pixel values within each zone, the maximum 

and minimum values used are constant for all zones, including the control sites; these 

were originated by a study by Glenn, E. and P. Nagler (2009) where the estimation and 

callibration of the formula's minimum and maximum parameters are presented. These 

were used to estimate an adjusted EVI with the formula:  

 
EVIajd=(max EVI-EVIdecimal) / (max EVI-minEVI)  

 

As each Modis’ image represents the mean EVI values for a 16-day period, the daily 

reference evapotranspiration values (ETo) reported by the Arizona Meteorological 

Network of the University of Arizona (AZMET 2001, 2004, and 2008) were averaged for 

the same 16-day periods and transformed into metric units (mm). Each 16-day average 

ETo value and the corresponding EVIajd value were used to estimate the zonal 

evapotranspiration (ETc) with the formula:  
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ETc=1.11*(EVIajd)*(ETo)  

 

All 16-day mean values of ETc in a year were added to get the annual average 

evapotranspiration estimate for each irrigation module. Finally, each module’s ETc 

estimates were compared to the district’s legal entitlement of water volume to identify 

water importing or exporting modules (CONAGUA 2008c).  

 

The Yuma agricultural valley (divided into East and West) and the desert areas 

surrounding the ID014 were used as control sites where 20 pixels were randomly selected 

for estimating their evapotranspiration. Due to the difference in estimation methods for 

reference evapotranspiration used in California and Arizona, Imperial Irrigation District 

was not part of the control areas. To serve as reference, the 20 pixels with higher annual 

ETc in both Yuma areas are also presented. In addition, two alfalfa fields in the Mexicali 

Valley were identified in the GIS and their evapotranspiration calculated individually as 

an added control sites. 

 

The average zonal evapotranspiration was also calculated for each of the freshwater and 

marsh wetlands of the ecosystem for 3 years (2001, 2004, and 2008). As subsurface flows 

are unknown, and the reported surface flows to the wetlands are small, these estimates of 

wetlands’ ETc are indicators of how much water is being used and somehow made 

available to each wetland area. Two riparian patches were added as control sites and their 

evapotranspiration was also estimated. One of these is located in the river floodplain in 
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Mexico (Rip-SurSLRC) and the other is a site in the US (Rip-Hunter’s H.), located in the 

limitrophe area (Figure C-1). These riparian areas are subject to different water supply 

availability. The zonal evapotranspiration estimates are included in the water balance. 

 

 
Figure C-1. The irrigation district and the sites used as control points to assess ETc 
calculations with their 20 randomly selected sample points. Darker areas depict higher 
values of estimated annual evapotranspiration, while the lighter colors depict the areas 
with lower annual evapotranspiration. 
 
 
Results 

Wetlands and Water Allocation of Colorado River Flows  

Flows of the Colorado River are considered to be over-allocated in the sense that the 

mean annual average flow was estimated to be 16.5 million acre-feet (MAF), while the 

allocated volume is 18.5 MAF (Pitt 2001, SNWA 2008). Tree-ring studies however, have 
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shown that the mean annual river flows are 14.08 MAF (17,367.42427 Mm3) (Meko et al. 

1995, Barnett and Pierce 2009). Mexico’s entitlement to the river’s flows is stated as 

1,850.234 million cubic meters (Mm3), equivalent to 1.5 MAF. 

 

Mexico’s water allocation system is different than the one used in the US to allocate river 

flows among users. The differences begin with the ownership of the water. In Mexico, all 

surface and ground waters are property of the Mexican Nation, thus it is a federally 

administered public good. In the US, water is not federally administered but state-owned. 

Another difference is the water distribution priority. In the US portion of the watershed, 

the prior appropriation rule determines which user has priority in water deliveries; under 

water scarcity, the water right’s antiquity matters. In Mexico, the burden of water scarcity 

is not shouldered by the late-comers first but by who is last in the LAN’s order of 

priority. Another important difference is the water rights per se. While in the US these are 

granted by each state’s water agency, some states specify the volume per each water right 

while others do not. In Mexico, only CONAGUA can grant water rights and volumes are 

not specified. In both countries, though, the ownership of the water is never transferred; 

only the rights to use it.  

 

A water right in Mexico gives farmers entitlements to irrigate a certain number of 

hectares for crop production, thus, this entitlement is defined in terms of allowed irrigated 

area or “hectares of water rights.” As water rights are not defined in volume terms, 

Mexico’s water allocation system is inherently adapted to avoid granting water rights to 
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flows that are lost in conveyance. The water loss estimated is therefore unallocated 

volume under the jurisdiction of the irrigation district. The cubic meters per year 

equivalent to a hectare of water-right are determined according to the availability of 

flows and conveyance efficiency by agreement of members of the district’s hydraulic 

committee. After accounting for surface flow deliveries minus the estimated losses in 

conveyance and delivery, the district’s water allocation was defined as “117 liters per 

second per hectare over a 24hr-period per year” (Comite Hidraulico 2005). This is 

equivalent to 10,108.8 m3 per hectare per year (3.31 acre-feet per acre per year).  

 

The hydraulic committee’s president is CONAGUA’s Chief of each Irrigation District. 

The key actors in the committee are the representatives of the district’s irrigation modules 

who are elected every 3 years and must be registered water users, the representatives of 

the State Governments and their water agencies, and each State’s delegate of the Ministry 

of Agriculture. This committee has the authority to make changes in the irrigated area, 

water transfer rules, and the volume equivalency for each hectare of water right. 

However, any change must be agreed upon by the committee’s majority, which implies 

the agreement of most farmers acting as modules’ representatives. Being Mexico’s Water 

Authority, CONAGUA holds veto rights to any modification. Any change in the water 

availability for irrigation is distributed equally among all farmers, despite the antiquity of 

the water right. Concurrently, the committee agreed that the volumes equivalent to each 

hectare of water right are equal for surface and ground water rights in the district.  
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Agricultural Water Use   

The Irrigation District 014-Rio Colorado extends 208,263 hectares (514,629 acres) and is 

entitled to water derived from the Colorado River flows and to the aquifer. The 

management of flows in the ID014-RC is one of the most complex in Mexico because the 

main water source is an international river subject to a bi-national Water Treaty (SRE 

1944) and there are no reservoirs in the district to buffer the divergences between the 

demand and supply. The US-to-Mexico deliveries of Colorado River flows determine 

most of the water availability in the district (69%); they also influence the pattern and 

quantity of the aquifer withdrawals from wells located in Mexicali’s irrigation district. As 

Figure C-2 shows, groundwater withdrawals diminished in the years in which the flows 

delivered to Mexico were the largest.  
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Figure C-2. US-to-Mexico Colorado River flow deliveries and volumes extracted from 
the aquifer in the Irrigation District 014-Rio Colorado by agricultural year. 
 

The combined availability of water supply in the district from surface flows and 

groundwater extraction is 2,737 Mm3 per year (2. 22 MAF/yr) (CONAGUA, 2008c). 

Tables C-1 and C-2 depict the district’s annual water allocation by source and water 

distribution by use. The 2004-05 agricultural year is an example of the water availability 

deviation from the allocated volumes. Still, the pattern of its distribution among water 

users is stable.  
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Table C-1. Programmed water supply and actual received by source in the Irrigation 
District 014-Rio Colorado. 

Allocation* Diversions & 
Water Sources (managed): Extraction (2004-05)
Colorado River: Mm3 Mm3

Colorado River Flows LIN (abr04-mar05) 1,667.23 1763.9424**
0 Colorado River Flows LIS (abr04-mar05) 173 149.86944**

Aquifer:
 Fed. Wells Mesa Arenos 04-05 197.3 179.119**

1 Fed. Wells Zona Antigua 04-05 500 606.91789**
1 Priv. Wells 04-05 200 109.643***
1

Total supply (gross volume) 2,737.53 2,809.49  
* CONAGUA 2008c. 
** CONAGUA 2008d. 
*** CONAGUA 2005b. 
 
 
Table C-2. Water consumption by use type for the agricultural year 2004-2005  
 
Water Distribution by Use (2004-2005) Consumed* % of total supply**

Mm3 %
2 Agricultural (parcel level) 1,851.24 65.78%
4 Industrial 8.97 0.32%
5 Municipal 196.20 6.97%
6 Discharged into Colorado River 65.63 2.33%
7

Subtotal Used 2,122.05 75.40%

3 DR conveyance seepage + evaporation 692.31 24.60%

Subtotal Consumed 2,814.36  
 
* CONAGUA 2005b. 
** Calculated from CONAGUA 2005b. 
 
 

The water available (Table C-1) and the water used (Table C-22) have a difference of less 

than 5 Mm3 probably because of the efficiency rate used to estimate water loss during 

conveyance and delivery. Rather than reconcile the balance in both tables, the numbers 
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shown are the same as they appear in the original internal reports made available by 

CONAGUA for this study (2005b, 2008c, and 2008d).  

 

Despite the difference in the order of magnitude of volumes between the deliveries at 

Morelos Dam (NIB) plus the volumes delivered at Canal Sanchez Mejorada (SIB), when 

compared to the volumes extracted from the aquifer, their opposite behavior is apparent 

particularly in the years 1982-1988 (Figure C-3). The scale on the left refers to 

groundwater extractions while the scale on the right refers to Colorado River flows 

delivered to Mexico. The blue line, referenced to the right hand scale at 1,850 Mm3, is 

Mexico’s annual allocation of Colorado River flows according to the US-Mexico Water 

Treaty (SRE 1944). 
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Figure C-3. US-to-Mexico Colorado River deliveries and Mexico’s groundwater 
extraction (calculated from CONAGUA 2007a for the US-MX Colorado River Flow 
Deliveries; SRE, 1944; and CONAGUA, 2006a for the Aquifer Extractions and PMesa 
Arenosa). 
 

As surface flows from the Colorado River are not determined by water managers in 

Mexico, this variable is treated as independent in the simple regression models run. The 

variable “surface flows” includes the total US-to-Mexico deliveries at Morelos Dam 

(NIB) plus the volumes delivered at Canal Sanchez Mejorada (SIB). Three correlation 

models were run to determine which type of aquifer withdrawals are influence by US-to 

Mexico water deliveries and to what degree are they related. Water is extracted from the 
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aquifer by CONAGUA (federal wells in the Mesa Arenosa de San Luis, FW-Mesa 

Arenosa), the district’s Water Users’ Association and the irrigation modules (federal 

wells in the agricultural valley, FW-valley), and farmers (private wells, PW).  

 

The regressions results show that the extraction from wells located in the Mesa Arenosa 

de San Luis has the higher correlation with surface flows (significant at p< 0.05). The 

relationships of surface flows with all aquifer withdrawals and with the extraction of 

groundwater from federal wells in the valley are also significant. Only the pattern of 

extractions from privately owned wells is not influenced by surface flows. Of the 709 

wells pumping water from the aquifer, 220 wells under private concession. These wells 

are operated by farmers and are not connected to the district’s canal infrastructure. This 

independency explains why the groundwater extractions from private wells are not 

responsive to changes in surface flows delivered.  

 

Table C-3. Outputs of correlation models run with surface flows as independent variable.  

Dependent Variables t-student p-value R2 adjusted
Aquifer (all) -2.28 0.03 0.12
FW-valley -2.08 0.04 0.1
FW-Mesa Arenosa -3.06 0.004 0.21
PW -0.67 0.5 0.01  
 
 

The irrigation district is divided in 22 water management areas called irrigation modules. 

Each module has its own water concession title that encompasses the water rights of users 

within its boundaries. Figure C-4 presents each module’s water use for 8 agricultural 

years (October -September) (calculated from CONAGUA 2000, 2001, 2002, 2003, 
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2004c, 2005d, 2006f, and 2007c). This includes the volumes delivered to each modulo 

from surface flows plus their groundwater extractions from federally managed wells 

(excludes water extracted from wells under private concession). Modulo 13 was divided 

in two areas which were then merged to adjacent modules by the year 2003-04. With 

these changes, Modulo 13 was dissolved. Modulo 10 used the highest volume of water 

during the 8 years; its main source of water is surface flows delivered to Mexico. It is 

followed by Modulo 4 and then by Modulo 1, whose main water source is the aquifer as 

these extractions account for 98% and 97% of their respective allocations (CONAGUA 

2006b). The modules that use the least amount of water during this period were Modulo 

20, 19 and 18. The modules that are adjacent to the river are Modulos 1, 2, 4, 7, 9b, 10, 

and 22. These are identified with an asterisk by the modules’ number in Figure C-4.  
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Figure C-4. Water delivered to irrigation modules by agricultural year (calculated from 
CONAGUA 2000, 2001, 2002, 2003, 2004c, 2005d, 2006f, 2007c). 
 
 
Wetlands 

The wetland zones in the delta of the Colorado River differentiate from one another by 

their water source and vegetation composition; their area was calculated using the GIS 

developed for this study (Table C-4). The remnant riparian forests in the delta are located 

in the narrower portions of the floodplain (blue polygon in Figure C-5). As marsh 

vegetation is more tolerant to salt-water content than riparian vegetation, this vegetative 

type becomes common at the end of the district’s drainage networks. 
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Table C-4. Extension of Riparian and Marsh areas of the Colorado River delta wetlands. 
 

Wetland Area (Hectares) Area (Acres) Main Water Source

Riparian Corridor-Limitrophe 1,660 4,102
Riparian Corridor-North of Railroad 4,436 10,963
Riparian Corridor-South of Railroad 5,688 14,054

Total Riparian Zones 11,784 29,119 Colorado River 

Marsh Hardy River 9,719 24,016
Marsh Ayala Drain 3,806 9,405
Marsh Indio and Indiviso Drains 2,946 7,280
Marsh Cienega de Santa Clara 8,122 20,069

Total Marsh Zones 24,593 60,770 Agricultural Drains  
 
 
Figure C-5 presents the irrigation district and the drainage network colored to match the 

wetland area where they drain. The modules that depend on aquifer withdrawals as their 

water source do not have drainage networks. There are no drainage outlets into riparian 

area, however, Morelos Dam and 4 other spillways connect the district’s water 

conveyance network to the floodplain.  
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Figure C-5. Irrigation modules, drainage network, and freshwater and marsh wetlands of 
the Colorado River delta.  
 
 
There are three main spillways in the ID014-RC canal network where water is released 

into the river floodplain. Morelos Dam is a diversion dam that has outlets downstream 

into the floodplain and eastbound into the main canal of the district’s irrigation network. 

Water released into the floodplain at Morelos Dam benefits the riparian zones in the 

limitrophe, and depending on the quantity of flows and their duration, they could reach 

the Gulf of California. In the last 4 decades, this happened only during El Niño Southern 

Oscillation events (Glenn et al. 2001b).  

 

Morelos Dam is where about 90% of the US-to-Mexico water deliveries are made and 

also where all major releases into the floodplain happen. The next spillway is located 
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27km downstream from Morelos Dam. Releases made here benefit the riparian area 

located between CONAGUA’s field office at km. 27 and the railroad bridge further 

south. CONAGUA manages both of these two spillways. The third spillway in 

importance is at Canal Barrote, a kilometer north from the railroad bridge crossing the 

river near the middle of the valley (Figure C-5). Flows released here benefit the southern 

riparian areas in the floodplain. This spillway is managed by water managers in Modulo 

2. Between January, 1998 and December, 2006, the monthly flow releases in these 3 

main spillways totaled 5,969 Mm3 (4.84 MAF) (calculated from CONAGUA 2008h).  

 

The total volume released in each spillway each year was divided by the 8-year, 3-

spillway combined total volume, to determine how important each year’s release was and 

where it was released. As such, the water volume released in 1998 at Morelos Dam 

represents nearly 49 % of the total flows released from all 3 spillways during these 9 

years into the floodplain (calculated from CONAGUA 2008h). Figure C-6 presents the 

percent values for the 3 spillways for 1997-1999 only, afterwards only the highest percent 

in each year is specified and these were all released at the spillway in Canal Reforma. 

Releases at Morelos Dam constitute the major source of flows in the period (84%), 

releases from Canal Reforma and Canal Barrote provided 14% and 2% of the volume, 

respectively (calculated from CONAGUA 2008h).  
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Figure C-6. Percent of water volumes released into the floodplain by spillway relative to 
the total volume released by all three combined for all years during the period 1998-2006 
(calculated from CONAGUA 2008h). 
 

Each spillway had a different number of consecutive years of data available on volumes 

released into the floodplain, thus the number of samples used in each model varied. 

Volumes released in each spillway regressed against the US-to-Mexico deliveries at 

NIB+SIB were statistically significant at p-values < 0.001 for Presa Morelos and Canal 

Reforma but not for Canal Barrote. All 3 models were a simple regression and a summary 

of their results is presented in Table C-5.  
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Table C-5. Regression outputs of the models run as: Volumes (by spillway) = ƒ (Surface 
flows delivered: NIB+SIB). 

Dependent =Spillway n R2 adjusted t-statistic p-value F-statistic
Morelos Dam (1997-2006) 10 0.69 4.57 0.0018 20.93
C. Reforma (1993-2006) 14 0.57 4.27 0.001 18.26
C. Barrote (1998-2006) 9 0.28 2.04 0.08 4.16  
 
 
Zonal Evapotranspiration 

As a proxy indicator of water imports and exports among the modules, the ratio of 

estimated annual ETc by module vs. the equivalent water right allocation of 1,010 mm is 

shown in Table C-6.  
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Table C-6. Average zonal evapotranspiration and the percent of ETc over Legal 
Allocation (Average Zonal ETc was calculated using ORNL DAAC 2008 and AZMET 
2001, 2004, and 2008; the percent water allocation was calculated from CONAGUA 
2008c).  
 

Modulo No.  
Average Zonal 

ETc   
% Water Right 

Allocation  

 2001(mm) 2004(mm) 2008(mm) 2001 (%) 2004 (%) 2008 (%)
1** 864.26 1,028.31 1,177.60 85.50% 101.72% 116.49%
2 882.80 1,127.74 1,254.52 87.33% 111.56% 124.10%
3 746.96 931.13 1,013.74 73.89% 92.11% 100.28%

4** 992.50 1,000.58 1,125.43 98.18% 98.98% 111.33%
5** 951.93 1,013.02 1,144.02 94.17% 100.21% 113.17%
6** 907.96 952.50 1,170.92 89.82% 94.22% 115.83%
7** 965.19 1,066.45 1,160.58 95.48% 105.50% 114.81%
8 785.36 834.65 961.00 77.69% 82.57% 95.07%
9 956.44 1,078.65 1,253.35 94.61% 106.70% 123.99%
9b 884.74 1,006.24 1,163.89 87.52% 99.54% 115.14%
10 884.03 980.29 1,144.37 87.45% 96.97% 113.21%
11* 716.29 809.08 938.42 70.86% 80.04% 92.83%
12* 695.72 818.83 919.77 68.82% 81.00% 90.99%
14* 892.15 933.85 1,094.18 88.25% 92.38% 108.24%
15* 750.66 768.27 915.25 74.26% 76.00% 90.54%
16 771.86 751.72 895.15 76.36% 74.36% 88.55%
17 797.24 860.40 1,044.46 78.87% 85.11% 103.32%
18* 627.33 611.05 714.21 62.06% 60.45% 70.65%
19* 557.28 586.21 655.41 55.13% 57.99% 64.84%
20* 481.79 478.96 597.26 47.66% 47.38% 59.08%
21* 788.79 875.32 1,020.47 78.03% 86.59% 100.95%
22* 892.68 1,042.88 1,156.96 88.31% 103.17% 114.45%

DR014 808.82 888.91 1,023.68 80.01% 87.93% 101.27%  
 
* Modules that depend only on Colorado River flows delivered to Mexico.  
** Modules whose main source of water is the aquifer. 
 
 
During 2001, none of the modules average applied water exceeded the legal allocation, 5 

did in 2004 and 12 in 2008. During 2008, the five modules whose main source of water is 

the aquifer (**) show rates of ET/allocation greater than 100%, as well as 5 of the 

modules that have water rights to both surface and ground water(no asterisk). Two of 

those modules with rights only to surface water (*) had a rate higher than 100%. These 

higher rates might have been due the transfers of water from other modules’ allocations 

(permanent or temporary).Other possible explanation might be the aquifer withdrawals in 
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excess of the authorized 500 Mm3 from all federal wells within the valley. During 2006-

07 agricultural year, 92 Mm3 were extracted above the authorized aquifer withdrawals 

from federal wells (Comite Hidraulico, 2007).  

 

Considering the agricultural zones, the wetland areas and the control sites shown in 

Figure C-7, the evapotranspiration of the desert regions is the lowest of all, as expected. 

Mexicali’s agricultural areas have a lower average evapotranspiration overall (Mask) than 

the agricultural areas in Yuma. Also, the alfalfa fields in Mexicali had an estimated 

annual evapotranspiration higher than the rest of the agricultural zones in Mexicali. They 

were just about the reference evapotranspiration (2-5% higher). The modules with the 

lowest evapotranspiration estimates coincide with those shown previously to be using 

less water in the district (Figure C-4, Modules 18-20).  

 

The modules with the highest evapotranspiration estimates in Mexicali are Modulos 9, 2, 

and 7. Soil characteristics and water availability may help explain why these modules do 

not appear to be receiving the highest volumes of water in Figure C-4. Modulo 10, for 

example has the largest area of salt-affected soils in the district, while Modules 9 and 7 

have a high percentage of their water rights sourced by private wells (20% and 36%). 

Water withdrawals made from private wells are not included in the estimates in Figure C-

4 as these wells are operated by farmers and not water managers in the district. 

Information on private wells extractions was not available by irrigation module, only by 

agricultural year (Figure C-3).  
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The highest average zonal evapotranspiration estimates for the riparian areas is found in 

the US area of Hunter’s Hole followed by the southernmost riparian area in Mexico. Of 

the marshes, the Cienega de Santa Clara registered the highest evapotranspiration. The 

evapotranspiration registered in Mexico’s riparian areas and marshes are 52% and 47% of 

the average evapotranspiration estimated for the whole agricultural region in the ID014-

RC.  
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Figure C-7. Zonal evapotranspiration in irrigation modules, wetlands, and the control 
sites.   
 
 
The 16-day period evapotranspiration variation for the 3 years studied, indicates a 

decreasing trend in the evapotranspiration of wetlands zones in Mexico, with the 

exception of the Cienega de Santa Clara (Figure C-8). An important difference between 
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the Cienega and the rest of the delta’s wetlands lies on the stable water input this marsh 

had during this period with the US Wellton-Mohawk canal discharges. The wildfire that 

affected the riparian area of Hunter’s Hole in 2007 shows its effects on the zone’s drop in 

evapotranspiration in 2008. The decreasing trend in wetland evapotranspiration in the 

Colorado River delta may be related to water stress caused by the diminished surface 

flows released into the floodplain (Figure C-6). 
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Figure C-8. 16-day period variations in wetlands’ evapotranspiration pattern (years 2001, 
2004 and 2008). 
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Water Balance  

As Figures C-6, C-7 and C-8 showed, water releases to the river’s floodplain have almost 

disappeared but the evapotranspiration in wetland areas has not. Other sources may be 

providing some of the moisture sustaining their vegetation; otherwise, the decrease in 

wetlands’ evapotranspiration could have been higher if they depended solely on the now 

almost null surface flow releases. As it is unknown how much of the water used in 

agriculture infiltrates into the deep aquifer and how much is the subsurface flow that 

could be sustaining some wetlands, it is not possible to measure how much water is being 

made available to the wetlands in a precise manner.  
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Yet, a water balance of the inflows minus outflows in the district provides some insights 

on this (Figure C-9 and Table C-7). This water balance provides an order of magnitude of 

the water volume that could be supporting the remaining wetlands in the Colorado River 

delta mainstem.  
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Figure C-9. Conceptual Model of the Colorado River Delta Water Inputs and Outputs.  
 



160 

Table C-7. Water Balance for the Colorado River Delta Ecosystem. 
 

Water Balance April 2004-March 2005

All Water Inputs: April 2004-March 2005 Mm3

 
Precipitation (7apr04-6apr05) (6) 48.666 mm 101.62

2 Flows past Morelos Dam (5 ) 74
8 Colorado River Deliveries LIN (abr04-mar05) (1) 1,763.94
5 Colorado River Deliveries LIS (abr04-mar05) (1) 149.87
5 Fed. Wells Mesa Arenosa 04-05 (1) 179.12

Fed. Wells Zona Antigua 04-05 (1) 606.92
Priv. Wells 04-05 (2) 109.643
Agriculture (2)  
Water conveyance & delivery loss (evaporation and seepage) (3)
Water conveyance loss (operational releases) (5 )  
Total inputs managed by ID014-RC 2,809.49
Total inputs 2,985.11

Known Water Outputs:

Consumptive Uses:
ET Crops (agricultural lands) 1,903.01
ET marginal lands (abandoned, non-ag and non-wet) 16.57
Urban use (domestic & industrial) (2) 189.91
Evaporation Canal Network (7) 47.42
Total Consumptive Uses 2,156.91

Drainage Flows:
Drainage Flow-Salton Sea 04-05 (4) 102.62
Drainage Flow-Gulf of California 04-05 (4) 53.14
Drainage flows-Dren 2 Tubos 04-05 (west Hardy) (4) 0.05
Drainage flows-Rio Colorado RR 04-05 (4) 23.70
Total drainage outputs 179.51

Known Environmental Uses:
ET Riparian Floodplain 36.52
ET Marshes in Floodplain (excludes cienega)^ 57.62

Total Environmental Uses 94.13

Unaccounted Water: Flows to Gulf CA + Subsurface Flows + Aquifer Recharge 554.55
% of total inputs 18.58%  

(1) CONAGUA 2008d. 
(2) CONAGUA 2005b. 
(3) Calculated from CONAGUA 2005b. 
(4) CONAGUA 2008e.  
(5) Calculated from CONAGUA 2008h. 
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(6) Calculated considering the district’s area of 208,803 hectares and an annual rainfall of 
48.66mm for the period studied (AZMET 2004 and 2005). 
(7) Calculated considering an annual evaporation of 2.3165m (calculated from 
CONAGUA 2006a), an average canal width of 10m and 2,047 km of lined canals. 
^ETc estimated for the Cienega de Santa Clara is excluded from this balances as its main 
water source is not managed/originated in this district. The ID014’s discharges to the 
Cienega (Dren Santa Clara) are included as they are part of the district’s outflows.  
 
 
Water Stakeholders and Wetlands 

Environmental Community 

Participants in the survey applied to scientists and environmental advocates working in 

the Colorado River delta were 17 US nationals and 13 Mexican nationals. Fifteen of them 

worked in research or academic institutions, while 14 worked in environmental 

organizations. Half of the respondents have an education in fields related to 

environmental sciences (15) and 8 identified themselves as social scientists. Twelve 

persons said their work in the delta was as scientific research, 2 said it was public 

involvement, 2 more selected water policy, and 12 more selected multiple areas of work.  

 

The first question of the survey asked respondents to define the Colorado River delta 

ecosystem and list its components or habitat types (in bullets). Five persons did not 

answer this question, from the 25 that did, only 20% listed the agricultural area as one of 

the ecosystem components (5/25).  

 

The second question asked participants to qualify their agreement or disagreement in a 

Likert scale with the statement “this stakeholder _____ has a positive impact on the delta 

ecosystem.” They were asked to answer this for each of the 5 institutions listed: a) the 
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International Boundary and Water Commission (Mexican Section, CILA), b) 

CONAGUA, c) the irrigation district, d) farmers, and e) urban/municipal water managers. 

Figure C-10 shows the frequency distribution for each of the 6 rankings of 

agreement/disagreement by institution.  
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Figure C-10. Environmental Stakeholders’ opinions on the statement: “This 
stakeholder____ has a positive impact on the delta ecosystem.” 
 
 

The second question asked participants to rate their agreement with each of the 5 

statements presented (Figure C-11). Most considered that water is inefficiently used 

(23/30) in Mexicali’s Agricultural Valley. Sixteen participants also considered that the 

use of water in the district is not beneficial to the environment. Opinions about the 

success of environmental organizations in conveying the importance of the delta 
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ecosystem to Mexican government agencies is mixed. The most even distribution in the 

range of agreement/disagreement happened with the statement regarding farmers’ using 

more water than what is required according to soil salinity and crop characteristics. 

Twelve consider that farmers do use more water than required, while 10 were either 

neutral to the statement or indicated they did not know.   
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Figure C-11. Environmental Stakeholders’ opinions on several statements regarding 
water use and instream flows.  
 
The next statement had 3 possible endings. Participants were asked to complete the 

statement with each ending and choose their level of agreement or disagreement (Figure 

C-12).  
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Figure C-12. Environmental Stakeholders’ opinions on the statement: “CONAGUA 
manages water in the Colorado River delta _______”. 
 
 
The last question in the Likert scale was intended to assess the knowledge of participants 

regarding the water management framework in Mexico (Figure C-13). Most said they did 

not have a working relationship with CONAGUA nor do they know the agency’s 

mandate by law. Most of them however, said they were familiar with the environmental 

aspects of Mexico’s National Water Law (LAN).   
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Figure C-13. Environmental Stakeholders’ self-evaluation on Mexico’s Water 
Framework. 
 
 
Farmers 

A different survey was applied to farmers in the Irrigation District 014-Rio Colorado. 

Most of them were ejidatarios (70%) and 56% had parcels of 20 hectares or less. On 

average, they had practiced agriculture for 32 years, get 76% of their income from their 

farms, and spend 65% of their monthly income on basic food and housing expenses 

(education, transportation and other expenses are not included).  
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Although this survey gathered information from Mexicali farmers’ regarding their 

irrigation practices, water use and opinions on wetlands and instream flows, only the four 

questions regarding the river flows are analyzed in this paper. These questions were also 

asked as statements to which farmers chose their level of agreement or disagreement in a 

5-point Likert scale. Figure C-14 shows the statements and the frequency distribution of 

the responses. 
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Figure C-14. Farmers’ opinions regarding flows in the river.  
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As most farmers in the survey provided information to locate their parcels in a 

Geographic Information System (391/521), a spatial representation of their responses is 

depicted in Figure C-15. Clearly, farmers with fields farthest from the floodplain and near 

the City of Mexicali (Modulos 18-20) consider that the river is a government’s 

responsibility, even when they also consider that it should be restored. Farmers closer to 

the river stated the river should be a joint responsibility of government and community. 

The numbers of the maps in the left correspond to the irrigation modules and the white 

dots in the maps on the right correspond to the general location of the parcels’ of 

interviewed farmers.  
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Figure C-15. Spatial distribution of farmers’ responses regarding instream flows.  
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Discussion 

In arid lands, wetland loss is the result not only of the scarcity of water itself, but of the 

management of water to maximize off-stream uses. Declaring a wetland as a protected 

natural area is not enough when its water supply is not protected as well. Mexico is 

moving towards a law that favors setting aside instream flows for environmental 

purposes. This may be easier to implement in the case of rivers with flows large enough 

to serve all demands, including the ecosystem’s requirements. Alternative options have to 

be considered in the case of rivers with no un-allocated flows left for the environment. As 

half of Mexico is arid or semi-arid, the probability of droughts makes instream flow 

protection even more crucial. With the reform of the LAN in 2004, water allocations can 

now be made for ecological purposes, just as they are made for agriculture. Several 

options are being considered by CONAGUA for Mexico’s fully allocated rivers and their 

ecosystems. The least conflicting process to reallocate water is via water conservation 

programs, but these take time and may not yield as much volume gains as needed. 

Reallocating water to fully diverted rivers necessarily implies reducing water use of 

stakeholders who currently have rights to it.  

 

Thus, two opposing statements were included to elicit farmers’ opinions on the water 

flowing downstream to the Gulf of California. The majority of farmers indicated they like 

to see water in the river and support the restoration of flows. Although most farmers like 

water flows in the river (86%), 41% of them also agreed with the statement regarding 

water in the river being wasted. When farmers and water managers were asked about 
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these contrasting results, their explanation was that farmers like having water in the river 

because their livelihoods depend on water being available. When there is water in the 

river it means that they will have the water their crops need delivered in a timely manner 

and they also mentioned that it serves to recharge the aquifer. Still, farmers who have 

experienced water shortages may see instream flows as wasted water; others might also 

fear losing their water to instream flows. 

 

The threat of water shortages due to drought and over-allocation in the Colorado River 

watershed has exacerbated the pressure for higher water use efficiencies at both the 

delivery system and the parcel level. As the management of water becomes more efficient 

in both countries, it becomes less likely that operational releases in the irrigation districts 

will continue to flow into the delta’s wetlands. As farmers in Mexicali implement more 

efficient practices in irrigation, less water from over-applications will be infiltrating 

during irrigation events. This would impact sub-surface flows which are believed to 

contribute to the maintenance of remaining riparian areas in the delta. Furthermore, the 

importance of these agricultural “inefficiencies” for maintaining riparian areas may be 

greater when the river bed has remained dry. As mentioned earlier, this dry riverbed 

condition has existed in most reaches of the river for the past 8 years (Figure C-6).  

 

There is no question that agriculture is the main beneficiary of diverted Colorado River 

flows; yet, the water balance shows that the return flows from Mexicali’s agriculture 

provide nearly 87Mm3 for the delta’s marsh areas in the floodplain. The delta’s marshes 
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estimated evapo-transpiration during 2004-05 was 57.62 Mm3 of water. The impact on 

the Ciénega de Santa Clara is somewhat different because only 10% of the Ciénega water 

supply originates from drainage flows from the Mexicali irrigation district. Still, its water 

supply remains unprotected (USBOR 2005). The diminished freshwater flows discharged 

directly into the riverbed in the last 8 years suggest that seepages from unlined canals and 

subsurface flows are at least contributing enough water to help sustain the remaining 

riparian corridor, albeit in a deteriorating trend. The evapotranspiration of the riparian 

area was estimated to be 36.53 Mm3 in 2004-05 for the area per year. The diminishing 

evapotranspiration estimated in these years for the delta’s riparian areas may be 

indicative of increasing water stress in this ecosystem. This trend could have prompted 

changes in the vegetation composition in the area to plants with lower requirements than 

that of cottonwoods and willow forests. Balancing the inflows and outflows, the actual 

volume of water provided to the Colorado River delta wetlands via the current patterns in 

water use in the Irrigation District 014-Rio Colorado may be in the order of 100-200 

Mm3 per year, depending on the infiltrations to the deep aquifer.   

 

The estimated unintentional provision of water to the delta wetlands is intrinsically 

related to current patterns in water use in the district’s agricultural valley. Under water 

scarcity conditions, the delta ecosystem will be better off if the existing “inefficiencies” 

of the status quo were to be guaranteed. Nevertheless, water scarcity and a 9-year 

extended drought had brought an expiration date to this status quo as both countries have 

made public plans for minimizing water use inefficiencies. To maintain environmental 
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values in the delta, instream flows must be dedicated by the time the Irrigation District 

014-Rio Colorado reaches its maximum efficiency in conveyance and in the fields as 

these constitute the main source of water of the Colorado River delta wetlands. Since the 

Colorado is an over-allocated river, the accidental sources of water that have helped 

maintain the delta ecosystem have an owner, or owners. Instream flows need to be 

secured now before shortages become more apparent in the watershed, which could lower 

the likelihood of public support for future water allocations for environmental purposes.  

 

As the authority that grants water rights for any use allowed under the LAN via 

concession titles, CONAGUA can use expiring concessions as a source of instream 

flows. Another option would rely on the LAN’s allowance for the transfer of water rights 

among stakeholders. With the reform, it became legally plausible to transfer water rights 

previously granted to traditional water users, principally agriculture, to one of LAN’s 

newly recognized users, the environment. A Mexican environmental organization, 

Pronatura, successfully finalized the first voluntary transfer of water rights in Mexico by 

which a water right originally granted for agriculture is now dedicated the ecosystem in a 

permanent manner. CONAGUA sanctioned the transfer and authorized the change in the 

use of the water rights. With the creation of a Water Trust Fund for the Colorado River 

delta ecosystem, water allocations for ecological purposes acquired via voluntary 

transfers are expected to increase.  

 



173 

These water rights constitute the first guaranteed volumes of water allotted to a wetland 

ecosystem recognized as a Ramsar Site in Mexico, the Colorado River delta. Just as it 

does for any other user per the right-holder’s request, the Irrigation District 014-Rio 

Colorado delivers the corresponding volumes of these water rights for wetland restoration 

purposes. According to Mexico’s LAN, Agriculture’s 4th place in the water distribution 

priority means that if the supply decreases, farmers are due to face shortages before urban 

areas do. As environmental uses are 5th, during water shortages, the rights allocated to the 

restoration of the delta ecosystem will be subject to the LAN’s order of priority in water 

distribution. As long as Mexico receives the volume allocated by Treaty, there is no 

reason for them not to be fully served every year.  

 

Aquifer extractions increase as the US-to-Mexico deliveries are tightened around the 

Treaty’s stipulation as Mexico’s entitlement. As most of the federal wells are connected 

to the district’s canal network that transport surface flows, they serve at times as auxiliary 

source of water when surface deliveries are not enough to satisfy demand. Whenever 

surface flows have been ample, groundwater extractions diminish. This means that the 

aquifer is used as a buffer to balance the disparity between the water demand and the 

supply of surface flows. To diminish water conflicts in the district, some modules that 

have access to federal wells have made withdrawals of groundwater above what they 

have rights to. The effect of these over-drafts may also explain the diminishing 

evapotranspiration of the wetlands over the 3 years studied. As plants can only use the 

water which is available, their productivity is thus affected by water stress.  
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The aquifer has proven to buffer the disparity between demand and supply in the short 

term. However, over-withdrawals of 92 Mm3 are a great concern, especially when 

considering that this over-draft in 2006-07, includes only information for the federal 

wells whose extractions are regulated and well-measured. However, 30% of the district’s 

wells are under private concessions, although they have half the extractive capacity of 

federal wells. As Mexico’s water trustee, CONAGUA is expected to enforce its authority 

over the measurement of extractions made by wells in private concessions. For now, 

these are beyond the district’s control and under the private well users’ associations and 

the farmers who control them.  

 

Conclusions 

The delta of the Colorado River in Mexico is one of the most important wetland 

ecosystems of the Sonoran Desert. Still, these wetlands have been altered, fragmented, 

and reduced to nearly 20% of their extent in early 1900’s. Despite its importance in terms 

of biodiversity, the delta ecosystem has no legal entitlement to the Colorado River’s 

flows. The entirety of Mexico’s Colorado River allotment is diverted to consumptive 

uses; 86% of the flows are withdrawn by agriculture. Water deprivation is the most 

drastic hydrological-alteration scenario in which to prove wetlands as resilient 

ecosystems.  

 

Two general assumptions were implicitly assessed. The assumption that higher 

efficiencies in agriculture would make more water available to sustain the Colorado River 
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delta wetlands may not be valid as higher efficiency rates mean the reduction in the 

“operational releases” and “excess flows” discharged into the floodplain and the 

reduction of water applied to croplands. The net effect of these efficiency improvements 

in water use may actually mean less water is available for wetlands. These changes have 

already shown its impact with a decline in the ET rates in most of the wetland areas.  

 

The supply of surface water to the riparian corridor is likely reduced mainly because the 

water delivery systems in both countries will tighten and less water will be lost through 

seepage and over-applications in the fields. Marsh wetlands in the delta will be affected 

as higher use efficiencies in agriculture will reduce the drainage flows that sustain them. 

In the left margin of the irrigation district, the potential reduction in water supply will 

impact marshes of the Hardy River. Marshes dependant on the drainage flows originated 

in the right margin of the irrigation district will impact Ayala, El Indio, and Indiviso 

wetlands and to a lesser degree the Ciénega de Santa Clara.  

 

The assumption that agriculture and instream flows are mutually exclusive competitors is 

not true for the Colorado River delta marshes, as this important habitat types have 

developed thanks to agricultural return flows. As the dominant users of freshwater 

resources, farmers are at times considered opponents to instream flows. Farmers in the 

Irrigation District-014 Rio Colorado like water flowing in the river. When their water 

rights are being delivered, they do not consider river flows as wasted. When their water 

rights are not being delivered by water authorities, water in the river is viewed as their 
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water entitlement being wasted. These responses are unequivocally clear: farmers of the 

Irrigation District 014-Rio Colorado are not opponents in the quest for instream flows, 

they not only approve them, they easily recognize how these flows benefit them. More 

importantly, the degree of awareness of the relationship between the agricultural valley, 

the water of the Colorado River, and the delta ecosystem is clearer for farmers than it was 

for scientists and environmental advocates. Acknowledgment of the Mexicali 

Agricultural Valley as an integral part of the delta ecosystem might be the required 

change in the water management-wetland restoration paradigm. 

 

Water availability for the Colorado River delta ecosystem is largely a function of three 

factors: the amount of flows diverted from the river upstream, the volume extracted from 

the aquifer by pumping and the amount of water that agriculture accidentally provides to 

the delta wetlands. Pronatura’s 172 hectares of water rights dedicated as restoration flows 

are equivalent to 1.73 Mm3; still too small to be instream flows. These water rights 

allocated for environmental uses would only provide 4.76% of the volume consumed as 

evapotranspiration in the riparian corridor. Other options for allocating instream flows for 

the delta ecosystem must be found in addition to private transfers of water rights. One 

instrument is not enough to provide the water this ecosystem needs to subsist, moreover, 

additional changes in the water management framework are needed as well. And yet, “the 

question is not whether environmental flows can be afforded, but whether and for how 

long a society can afford not to provide environmental flows (Dyson 2003).” 
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It appears that setting aside instream flows is not only a matter of stakeholders’ interest, 

political will, bi-national cooperation, and private funding. In order to increase the 

probability of maintaining the Colorado River delta wetlands, the restoration framework 

should not be defined in the traditional “agriculture vs. the delta ecosystem” set up. An 

agreement among all stakeholders by which the “conserved” water would be allocated for 

instream flows and not allowed to be transferred to other consumptive uses could prevent 

future conflicts. The negotiation of such an agreement may be easier if done before 

shortages are declared in the watershed. In order to succeed, the restoration of wetlands 

of international watersheds like the Colorado River requires bi-national collaboration 

extending beyond memorandums of understanding between countries. An environmental 

treaty, or an environmental provision added to the US-Mexico Water Treaty would 

actually ensure instream flow protection in international river ecosystems if 

environmental flows are actually allocated and volumes are specified.  
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APPENDIX E - FARMERS’ SURVEY QUESTIONNAIRE 

 

 Parcel Characteristics      

1 How many hectares do you cultivate?       

2 Are you colono or ejidatario? C  E   

3 In what colonia or ejido is your farm located?      

4 What is your main crop?      

5 
How much do you normally produce per hectare 
(tons or pacas)?      

6a What is the lot number?         

6b 
What kind of soil texture do you have in your 
parcel?      

7 
Do you think your parcel's slope is good so the 
irrigation water can flow adequately?       

       

  Irrigation Practices:      

8a 
How much water did you used for last years' crop 
in liters?       

8b How much did you pay for that water?      

9 
Which irrigation method do you use: surco, 
melga, aspersion or drip irrigation?      

10 
What is the main source of the water you use in 
irrigation? (superficial, private or federal well)      

11 
How many irrigation events did you gave your last 
years' crop?      

12 
How many days did you needed to irrigate all 
your crop in one irrigation event?      

13 
What is length and width of the furrow or surco 
you use?      

14 
At what length of the water flowing in the furrow 
do you close the water source?      
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15 
Do you think you could improve your irrigation 
practices in your field?      

16 If yes, how do you think you could improve it?      

17 If yes, why have you not improve it yet?       
 Opinions      

  

For each of the following statements, please tell me if 
you completely agree with it (5), if you agree 
somewhat with it (4), if you are neutral and do not 
have an opinion about it(3), if you disagree somewhat 
with it (4), or if you completely disagree with it (1) C
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17 

It is not our obligation (the community) to take 
care of the river, but the government's 
responsibility.  5 4 3 2 1

18 
All the water that flows down the river is wasted 
water. 5 4 3 2 1

19 
We should work to restore the flows in the 
Colorado River. 5 4 3 2 1

20 I like to see water in the river. 5 4 3 2 1

21 

For every water that will be transferred from 
agriculture to the cities, 1% of the water to be 
transferred should be donated to an account of 
water for the river? 5 4 3 2 1

       
 Farmer profile      

 What was the last grade you finished in school?      

 
How many years have you been farming in 
Mexicali?      

 
Do you think your children will continue farming 
your land?      

 
What percentage of your income comes from 
agriculture?   %   
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How much of your monthly income is spent in 
house, utilities and food? 

O
ne third 

H
alf 

 A
lm

ost all 

 Age group:      

 Younger than 40 years old      

 Between 40 and 70 years old      

 Older than 70 years old      
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APPENDIX F - IRRIGATION MODULES MANAGERS’ SURVEY QUESTIONNAIRE 

 

1. In what year was this irrigation module created? 

2. Has the number of water users changed much since it was created? 

3. What percentage of titled-water users transfers temporarily their water rights?  

4. What do you think are the main reasons for these transfers? 

5. What level of efficiency (at the parcel level), do you think predominates in the farms 

under your jurisdiction? 

6. What kind of incentives do you think are there for farmers to improve their irrigation 

practices? 

7. What kind of obstacles do you think impede them to improve? 
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APPENDIX G - ENVIRONMENTAL COMMUNITY SURVEY QUESTIONNAIRE 

1.- How do you define the Colorado River Delta Ecosystem? Please list its components 
or habitat types. 
•       

•       

•       

•       

       
2.- Please choose your level of agreement or disagreement 
with the following statement: "This stakeholder has a  
positive impact on the delta ecosystem." St
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  5 4 3 2 1 0

CILA (Mexican Branch of International Boundary and Water 
Commission)             
CONAGUA (Mexican Water Comission)             
Irrigation District (Water Users Association of the Irrigation District 
014)             

Farmers             

Urban/Municipal Water Managers (CESPM / OOMAPAS)             

       
3.- Please choose your level of agreement or disagreement 
with the following statements: 5 4 3 2 1 0

              

a) Water use in the Mexicali Agricultural Valley is efficient.             
b) The way  water is used in the Mexicali Agricultural Valley is 
beneficial to the environment.             
c) Government agencies understand the reasons to pursue water 
allocations for the environment.             
d) NGO's have been successful in conveying to government 
agencies in Mexico the importance of restoring the delta 
ecosystem.             
e) Farmers in Mexicali use more water in irrigation than what is 
needed to cover crop and soil salinity requirements.             
4.-Please choose your level of agreement or disagreement 
with the following statements: " Conagua manages water in 
the Colorado River Delta………." 5 4 3 2 1 0

…using the best available science             

...mainly under an agricultural and flood-control approach.             

...in a way that balances social, economic, and environmental 
concerns.             
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5.- Please choose your level of agreement or disagreement 
with the following statements. 5 4 3 2 1 0
I am familiar with the environmental considerations included within 
the Mexican Water Law (Ley de Aguas Nacionales).             

I know CONAGUA's mandate.             

I have established a working relationship with CONAGUA staff.             

       
       
6.- In 2006, how many days did you spend visiting the 
Colorado River Delta, Mexico?     

 
 

____None 5 4 3 2 1 0 
____1-5 days       
____6-15 days       
____1 month       
____3 months       
____6 months       
____1 year       
       
7.- Please select ALL options that describe you:       
____USA citizen       
____Mexican citizen       
____Work in an academic institution       
____Work in a environmental organization       
____Background in environmental sciences       
____Background in social sciences       
       
8.- Select the option that best describe your activities in the 
CR delta (one):       
____research       
____outreach and public involvement       
____environmental education       
____restoration       
____conservation in situ       
____planning       
____binational collaboration       
____water policy       
____law       
       

 
 


