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Abstract 

Ecosystem services and goods are non-market values that are increasingly being accounted through 

contingent valuation methods and more specifically by studying peopleôs willingness-to-pay for them. 

Large ecosystem restoration is an area that benefits from economic valuation because placing a 

monetary value proves that restoration efforts are justified to preserve resources for future 

generations, wanted by a community, and even a profitable investment of public funds. However, 

what determines that a community supports and understands restoration efforts is linked to their 

social, economic, cultural, and geographic reality. In this study I adopted the idea of willingness-to-

pay to examine peopleôs attitudes towards river flow restoration efforts in the Colorado River Delta. 

The Colorado River Delta is a resilient ecosystem that has endured severe river flow depravation for 

more than 70 years now; yet, this ecosystem still provides many environmental services and goods 

and its restoration is well justified for that. This research mainly reveals that the Colorado River Delta 

is still an undervalued ecosystem despite its resiliency and the many regional benefits it still provides. 

This study has two research questions. Fist, I determined what factors influence Mexicaliôs 

willingness-to-pay. Second, I compared willingness-to-pay attitudes between the cities of Mexicali 

and San Luis Rio Colorado (SLRC); two neighboring Mexican cities of different size and economic 

structure but of similar social, ecologic and geographical conditions. The instrument to collect field 

data was a survey that posed a realistic river flow restoration scenario at a range of prices from 10 to 

90 pesos in order to test peopleôs willingness-to-pay; a total of 564 surveys were delivered face to 

face in Mexicali. Subsequently, I compared Mexicali survey results with a previous SLRC survey. 

Descriptive statistics, non-parametric analysis, and qualitative analysis were the main instruments to 

arrive to my conclusions. Within Mexicali, I found that parenthood and the perception of received 

benefits from the river were the most significant factors that determined peopleôs willingness-to-pay. 

Migration was also a salient socio-demographic factor that probably has an influence on peopleôs 

attitudes towards river flow restoration. When making comparisons between cities I found that SLRC 

is more willing to pay than Mexicali, which confirmed my hypothesis that environmental awareness 

influences willingness-to-pay in each city given that SLRC is a true river city while Mexicali is 64 km 

away from the river. Pricing was also influential in both cities. Peopleôs exposure to the river varied 

from one city to the other ïSLRC people have more interactions with the river than people from 

Mexicali do, thus matching again the difference in willingness-to-pay attitudes of each city. Although 

income, education, frequency of visits, and awareness of dry river conditions were expected to have a 

clear connection to willingness-to-pay within Mexicali, I found only a marginal statistical relationship 

that was very close to be significant. This was due to the fact that I analyzed the dependency of those 

variables for all prices and not at a specific price range where the actual average willingness-to-pay 

resides. Finding that average and then analyzing the relationships again should clarify this issue. 

What motivates people to pay was related to resource conservation and the recognition of the riverôs 

ecological importance. What motivates people to not pay relates to negative attitudes such as 

incredulity and lack of trust in Mexican institutions. My main recommendations are to raise local 

environmental awareness of river issues with environmental education, to address local negative 

attitudes towards river restoration, and to explore the analysis of these data with other approaches 

such as socio-psychological models.  
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1 INTRODUCTION 

1.1 Context of the Study 

Ecosystem services are non-market values whose importance society has just begun to 

recognize, especially after events such as hurricane Katrina, in 2005. The immediate devastation of 

Katrina is perhaps one of the best cost-benefit examples ever given by nature. Were decades of 

development and economic accomplishments worth the multidimensional costs of Katrina, roughly 

estimated in 1,836 lives and $156 U.S. billion (Burton and Hicks, 2005); or are Katrinaôs immediate 

and long-term losses higher than the benefits extracted? These types of questions are slowly emerging 

to shed some light on how society has undervalued ecosystem services over time. Answering this type 

of questions is both a challenge and a necessity. This study looks at the Colorado River delta, a case 

study where environmental services at the end of the river were also never taken into consideration 

before damming the river, and where remnant environmental services are still undervalued. Restoring 

damaged ecosystems is an alternative to conserve species, ecosystem functions, and biodiversity as a 

whole. However, the ecological restoration of large ecosystems is a major task and it can only be 

successful with citizen support and participation. This thesis is about assessing citizensô attitudes 

towards restoring a permanent river flow in the Colorado River delta; their attitudes directly relate to 

the level at which they value a restored ecosystem service.  

Documents and citizensô collective memory recognize that the Colorado River delta, including 

the Upper Gulf of California, was once one of the worldôs greatest desert estuaries. During most of 

the twentieth century, water diversions and dams prevented the Colorado River from reaching the sea. 

For decades, the generalized thought was that the Colorado River deltaôs ecosystems had been 

condemned to collapse. Although the deltaôs original abundance of water and wildlife will be 

remembered mostly through pictures, documents, and stories, recently the delta has also shown 

unpredicted signs of recovery. Despite all odds, years ago the delta made a meaningful comeback as a 

result of unusual wet years during the period 1980-1993, which saw El Niño events and the filling of 

major structures upstream (Pitt, 2001). A decade of incidental flows triggered the deltaôs ecosystem 

resilience, a slow process witnessed by local communities and a few researchers from both sides of 

the border. After damming the river and during dry years, agricultural waste flows have been the only 

fresh water source maintaining what is left of the Colorado River delta (Glenn, 1998; Luecke, et al., 

1999). Luecke et al. (1999) describe todayôs delta as ña remnant of small wetlands and brackish 



 

 2 

mudflatsò covering about 60,000 Ha, an area that equals 8% of its original surface (Glenn et al., 

1999).   

According to many authors (Glenn, 1998; Luecke et al., 1999; Pitt, 2001; Zamora-Arroyo et 

al., 2005), the Colorado River delta in Mexico merits conservation due to the value of its remaining 

habitat and wildlife resources. Progress to restore and conserve the remaining Colorado River delta is 

just beginning. Two recent milestones have shown some changing views on water use and users 

(Hyun, 2005). In 2000, the first diplomatic agreement towards recognizing the Colorado River deltaôs 

water needs was signed under the name of Minute 306.  This milestone proves that the deltaôs 

environmental agenda is gaining importance, but it will take a while before these changing views 

translate into legislation and action. Minute 306 did not grant water for environmental purposes in the 

delta; it only recognized that the two countries cooperate in studies, with an aim to conserve the 

deltaôs environmental assets (Pitt, 2001).  Prompted by Minute 306, in 2002, many scientists, NGOs, 

and land managers gathered at a binational meeting to produce a document titled ñConservation 

Priorities in the Colorado River Deltaò (Zamora-Arroyo et al., 2005). Although this document cannot 

be considered a restoration or conservation plan per se, it constitutes an important step in organizing 

knowledge and experts in the region. Conservation Priorities is the first collective transboundary 

document that visualizes a direction for conservation and restoration efforts in the Colorado River 

delta. Among many recommendations, evaluating the economic costs and benefits of restoration is 

one of the research needs identified in that document. 

The Society for Ecological Restoration (SER) International defines ecological restoration as 

ñan international activity that initiates or accelerates the recovery of an ecosystem with respect to its 

health, integrity, and sustainability. Frequently, the ecosystem that requires restoration has been 

degraded, damaged, transformed or entirely destroyed as the direct or indirect result of human 

activities.ò Ehrenfeld (2000) recognizes three common levels of goals in the fields of conservation 

and restoration: species, ecosystems, and environmental services, each level with varying strengths 

and weaknesses. One of the advantages of using environmental services as a goal for restoration is its 

obvious human interest that generates economic and political support. Given that the Colorado River 

is subjected to greater institutional control than perhaps any other river in the world (Cohen, 2002), it 

seems logical to strengthen an economic approach in the restoration efforts of the delta, aiming to 

convince and gain support from citizens and decision makers in both nations.  

In Conservation Priorities (Zamora-Arroyo et al., 2005), most restoration research has already tackled 

restoration work by focusing on species and ecosystems. An ecosystem service approach has just 
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begun to be examined through studies of economic valuation of ecosystem services. The National 

Institute of Ecology (INE, Mexico) recently finished an economic valuation of the in-stream flows in 

the Colorado River delta. In San Luis Rio Colorado (SLRC), Sonora, INE used a contingent valuation 

method to determine the non-use value of restoring a constant river flow. With this study INE 

concluded that the Mexican government should invest in restoration efforts, given that restoring the 

river will also derive modest economic benefits to the region (Sanjurjo and Carrillo, 2006a). 

Gathering more information about citizensô levels of interest on flow restoration, in large cities such 

as Mexicali, will contribute to further justify a federal restoration plan for the delta.   

Willingness-to-pay surveys are common tools used for the economic valuation of ecosystem 

services and goods that are not part of the worldôs markets (Carson, 2000). Estimating peopleôs 

willingness-to-pay to conserve or restore the environment is useful for planning, policymaking, 

taxation, and resource conservation. Understanding why people is in favor or opposed to restore an 

ecosystem service can be approached using socio-psychological models which basically evaluate the 

systems of beliefs, motivations and behaviors that characterize a group of people. In this study I 

specifically look at the motivations behind willingness-to-pay to restore a river flow. 

 

 

1.2 Research Questions and Objectives 

This study seeks to answer two main research questions:  

1. What factors influence the attitudes of Mexicali citizens towards re-establishing a permanent 

water flow for the Colorado River? 

2. Is there a difference in peopleôs attitudes towards re-establishing a permanent water flow in 

the Colorado River, between the cities of Mexicali and SLRC, Mexico? 

The main research hypothesis is: 

Hypothesis: Mexicali and SLRC have different willingness-to-pay attitudes due to differences in 

levels of environmental awareness in each city.  

 

In order to answer these research questions and test my hypothesis, this study had three specific 

objectives: 1) to survey Mexicali and gather evidence of citizensô attitudes towards the potential 

restoration of a permanent water flow for the Colorado River; 2) to compare results between Mexicali 

and SLRC surveys, in order to identify patterns and differences in levels of citizensô interests to 
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support river flow restoration in each city: 3) to collect high-quality information that can be 

transferred to INE for its econometric analysis. Expanding our understanding of the economic costs 

and benefits of restoration will contribute to design an integral restoration plan for the Colorado delta.   

 

1.3 Study Area 

In a broad context, the remaining Colorado River delta scattered between the municipalities of 

Mexicali and SLRC, Mexico, was the general geographic unit for this study (Figure 1.1). However, 

this case study focused most of its fieldwork (survey) exclusively on the city of Mexicali, which is the 

capital of the State of Baja California, Mexico (Figure 3.1).  

 

Figure 1.1. Study area delimiting the ecological zones currently identified in the Colorado River Delta 

(adapted from Zamora-Arroyo et al., 2005). 
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1.4 Methodology 

This study mostly uses a case study approach to achieve its goals. Two specific tools for data 

collection and analysis were used: a field survey in Mexicali, and cross tabulation analysis (Pearsonôs 

Chi-square). The results of the Mexicali survey are the prime material for most of our analysis and 

they are presented in the descriptive statistics (Section 4.1). The cross tabulation analysis is used to 

assess dependency across Mexicali variables. The Chi-square test for independence focuses on testing 

if there is a difference in willingness-to-pay between Mexicali and SLRC. Other tools to collect 

complementary data included direct observation, and secondary sources such as the SLRC survey 

results (2005), academic reports, and government records.  

 

 

1.5 Thesis Organization 

This thesis has been divided into six chapters, two Appendixes, and a bibliography. This 

introductory chapter presents the problem statement, purpose, research questions, and hypothesis 

underpinning the study, as well as a general explanation of the methodology and the structure of the 

document. Chapter 2 delves into a broader background explanation of the Colorado River Delta 

environmental issues and it explains the conceptual framework of this study. To explain the 

theoretical context of the study I examine how citizensô attitudes to support ecological restoration can 

be assessed with willingness-to-pay surveys. Chapter 3 provides a detailed explanation of the 

methodology followed during this study. Chapter 4 contains the studyôs results divided in three main 

blocks: Mexicali survey descriptive statistics; cross tabulation analysis of relevant Mexicali variables; 

and a comparison of willingness-to-pay distributions of Mexicali and SLRC (Chi-square test for 

independence). Graphical and numeric evidence to discuss and answer the two initial research 

questions is provided during this chapter. Chapter 5 discusses the main findings of this study. Chapter 

6 presents conclusions and recommendations for the direction of future research. Finally, Appendix A 

and B provide Mexicali and SLRC supporting materials, respectively.  
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2 CONTEXT AND CONCEPTUAL FRAMEWORK 

2.1 Research Context of the Colorado River Delta 

According to Sykes (1937), the first records of explorations conducted in the Colorado River 

delta took place in 1539 by Francisco de Ulloa, a captain in the service of Hernan Cortes. Despite 

those first attempts, ñthe delta remained almost a terra incognita for the coming two centuries 

thereafterò. Most of the records left by the first explorers merely contribute small glimpses of an 

ñunattractive land, traversed by a great river that was difficult to access, surrounded by inhospitable 

deserts of unknown extent, and guarded from a sea approach by great and violent tidesò. In his 

physiographic study of the Colorado River delta, one of the earliest academic studies of this area, 

Sykes (1937) provided valuable information through 45 years of personal observations of the delta. 

This study was unique because it was done at a time of major environmental changes in the deltaôs 

ecosystem, and because the Colorado River delta had not been formally studied before 1937 ï at that 

time, the Mississippi and the Fraser River deltas were the only deltas previously studied in North 

America. Sykes was particularly interested in the Colorado River delta because of its size, its 

peculiarities as a desert delta that alternately discharged its waters into land-locked basins and the sea 

(one of the few deltas with this characteristic in the world), and because of the magnitude and effects 

of tides on the deposited sediments (tides three times bigger than those of the Tigris-Euphrates in the 

Persian Sea, its nearest analogue).  Sykes (1937) rightly predicted most of the major environmental 

changes that would affect the delta after the damming of the river was completed, which included 

changes in vegetation cover, erosion at the delta and head of the Gulf of California, elimination of 

flood hazards in the lower Colorado River, new hydrological conditions, landscape changes, and 

transboundary political tension for water resources.     

According to Cohen (2002), the development of water resources has brought economic growth 

to entire regions, generated relatively clean power, provided regular-dependable supplies for urban, 

industrial and agricultural users, and allowed the settlement of new areas that otherwise, without 

massive hydrologic infrastructure and institutions, would have not been possible. The Colorado River 

has not been the exception; it has brought economic growth to most of the southwestern United States 

and northwestern Mexico. This area provides today a valuable example about the complexity of the 

interactions of human development, economic progress, water management, politics, and 

environmental degradation across international borders. Several authors such as Sykes (1937), 

Leopold (1948), Luecke et al. (1999), Pitt (2001), Cohen (2002), and Ward (2003) highlight that 
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progress had come to the Colorado River Basin at a high environmental costs: developing agricultural 

oases transformed the regionôs landscape in less than a century.   

In 1981, Fradkin concluded in his book A River No More, that the Colorado River Delta was 

dead after more than 50 years of extreme fresh water depravation. However, despite all predictions the 

delta showed signs of recovery in response to small incidental floods during the late 1980s. According 

to Glenn et al. (1996, 2001), the delta has been partially revegetated following 20 years of 

unintentional water releases from the United States, which brought back native trees and other original 

vegetation to its riparian corridor. Similarly, Galindo-Bect et al. (2000) correlated peak shrimp catches 

of the last two decades, in the Gulf of California, with pulses of water released to the Colorado River 

delta. Evidence like this motivated scientists and local and international conservationist groups in 2000 

to join efforts to awaken federal and binational attention: to persuade them to work together in the 

conservation and restoration of the remaining, but resilient Colorado River delta.   

 

 

2.2 Hydrology of the Colorado River Basin 

The Colorado River basin covers 655,000 km
2
, from the snow-covered Rocky Mountains range 

in the United States to the arid salt flats of the remaining Colorado River delta in Mexico. Miller 

(1998) states that the Colorado River has a total length of about 2,300 km before reaching the Gulf of 

California in Mexico. About 98.4% of the Colorado River basin lies within the United States, and the 

rest (1.6%) is in Mexico (TFDD, 2002). Within the basin, the Rocky Mountains receive most of the 

precipitation, primarily as snow. Much of the rest of the basin is extremely arid, with less than 80 mm 

of annual precipitation (Harding et al., 1995). Harding et al. (1995) report that 70% of the riverôs 

annual natural flow occurs from May through July, when the spring and summer heat melts the snow 

in the Rockies. Ohmart et al. (1998) also report that intra-annual fluctuations vary, depending on the 

size of the Rockiesô snow pack and how quickly it melts, with peak flows in June and the lowest flows 

in mid-winter.  

The Colorado Riverôs hydrologic history can basically be divided in two: before and after major 

dam construction and water diversion projects along the river. Cohen (2002) argues that marked 

volume fluctuations used to characterize the Colorado, both between and within years prior to any 

man-made modifications of the river. The maximum reconstructed annual flow (i.e., the flow that 

would have occurred without dams or withdrawals) during the period of record occurred in 1983, with 

an estimated flow of 31 km
3
; the minimum reconstructed flow occurred in 1934, with an estimated 

flow of 7.7 km
3
. According to other researchers, the average annual flow could have varied from a 
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long-term mean of 16.7 km
3
, based on tree-ring records (Meko et al., 1995), to 18.6 km

3
 for the past 

century of instrumental record (Owen-Joyce and Raymond, 1996).  

The new hydrology of the Colorado River is strictly subjected to institutional control through 

nearly 50 dams (Nijhuis, 2005) and more than 80 major diversions that move water out of the 

Colorado River to irrigate more than 1.5 million Ha and serve about 30 million people in the U.S and 

Mexico (Pontius, 1997; Luecke et al., 1999). The first diversions for agricultural purposes were in 

1896, but it was not until the completion of Hoover Dam (1935) that the flow of the river was 

completely controlled (Glenn et al., 1996; Cohen, 2002; Ward, 2003). These major dams succeeded at 

holding water and large amounts of sediments that used to characterize the river (from there its name 

ñColoradoò), but by 2000, Kowalewski et al. reported reverse sedimentary processes in the delta, 

which means that the tides currently are removing more sediments than what the river discharges.  

Now that the Colorado River hydrology is controlled by predictable sets of releases (timed to meet city 

and irrigation needs, and maximize peak power generation), the river below dams rises and falls as 

much as 1.2 m/day (4 ft/day) (Reclamation, 1996). Also, each drop of the Colorado River water is 

estimated to be used an average of 17 times (Cohen, 2002), but while irrigated agriculture is the top 

tier user, evaporation from reservoirs is the second largest consumer in the Colorado Basin. Diversions 

such as the water piped to Los Angeles are the third largest withdrawal. 

Although a complete hydrologic model for the delta area is in the top five research priorities 

(Zamora-Arroyo et al., 2005), some advances have been made in this respect. For instance, Glenn et 

al. (1996) list five main sources of water for the Colorado River delta. The first one is Rio Hardy, a 

tributary of the Colorado River, which originates from a geothermal well discharge and from 

agricultural return flows (Payne et al., 1992). Flow volumes of this tributary are not well documented 

but a mean discharge of agricultural return, for 1971-1976, averaged 1.3 km
3
. The second source is the 

Wellton-Mohawk main outlet drain extension (MODE) canal, which since 1977 has carried 1.2-1.8 

km
3
/year of mildly saline (3ppt) ground water from the irrigation district of Wellton-Mohawk, Arizona 

(Burnett et al., 1993).  The third source of water is the Riito Drain with approximately 0.25 km
3
/year 

of agricultural drain water (4ppt) from the San Luis irrigation district. The fourth source comes from 

natural seepage, via artesian springs of groundwater onto the mudflats, though its exact volume is 

unknown. Estimations made by Glenn et al. (1996), report 0.1 km
3
/year of artesian flow; this small 

flow is important because it provides a constant source of water in core delta areas. The last source of 

water is seawater from the Gulf of California. Although hypersaline (40 ppt), this source is significant 

because of the extreme tide ranges of the Upper Gulf, some of the highest of any coastline (Thompson, 

1968).    
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Additionally, Cohen et al. (2001) calculated a preliminary water balance for the lower Colorado 

River main stream, Ciénega de Santa Clara, and El Indio wetlands in the delta, for the period of 1992 

to1998. Among the main findings of this research was that during non-flood years, agriculture and 

domestic returns to the main stream contributed 180% of discharge at the International Border (at San 

Luis Rio Colorado, Sonora, Mex.), but that such volume may not be sufficient to meet the flood 

requirements demanded by native riparian species. The most consistent source of water to the delta 

was agricultural drainage, which provided the majority of the discharge for most of the wetlands (El 

Indio) and Ciénega de Santa Clara. The quality of the returned flow was assumed to be low.  

 

 

2.3 Transboundary Water Management 

The allocation of the Colorado River waters between Mexico and the United States lies in a 

complex legal framework called ñThe Law of the Riverò. This law is a collection of legal documents 

that reflect the negotiations between both countries since the Mexico-U.S. Water Treaty of 1944. In 

this treaty Mexico was guaranteed an annual volume of 1.85 km
3
 (plus an annual surplus), and a later 

amendment also prescribed a salinity range of 115 ppm ± 30 ppm U.S count (IBWC, 1973; Varady et 

al., 2001; Cohen, 2002; Ward, 2003). The two commissions that rule international water negotiations 

are the International Boundary and Water Commission (IBWC) representing the United States, and the 

Comisión Internacional de Limites y Aguas (CILA) on behalf of Mexico.  

According to Glenn et al. (1996), Mexico was allotted approximately 10% of the base river 

flow, through the Water Treaty of 1944, but left the delta with no water rights for natureôs use (the 

remaining 90% is used by the U.S.). Nevertheless, he points to a change that took place in the early 

1980s, when up stream dams reached their capacity (Lake Mead and Lake Powell, in 1979 and 1977, 

respectively), combined with the occurrence of a wet period (1980-1983, during El Niño events). Such 

a change allowed water to reach the delta, through water releases up to 10 times higher than water 

treaty allotments (average excess flows were 4.8 km
3
/ year, or three times the treaty allotment). That 

amount of water represented 25% of the historic flow that reached the delta, before the dams were 

constructed (Glenn et al., 1996).   These unintended floods were responsible for the partial recovery 

that the delta has experienced since 1981, which demonstrated the resiliency of the deltaôs ecosystem 

and the need for restoration and conservation of this area.  

 

An important milestone in ñThe Law of the Riverò for conservation purposes of the delta is 

Minute 306, signed by IBWC and CILA in 2000. Minute 306 represents the first bilateral recognition 
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of the ecological importance of the delta. Nevertheless, this minute falls short because it does not go 

beyond recognizing the need to study the deltaôs ecological needs. Overall, so far academics and 

NGOs have been the only ones to make significant contributions to move the deltaôs research, 

conservation, and restoration efforts forward.  

Given the river impoundmentôs storage capacity and flood control capabilities, Glenn et al. 

(1996) conclude that during new wet years, excess flow could be expected to be released into the delta 

again (Holburt, 1982, 1984; Rhodes et al., 1984). Although the storing capacity is 740 km
3
, the total 

space needed for flood control is only 66 km
3
, thus during wet years storage capacity and distribution 

of excess water are limited.  

According to the Global International Waters Assessment (GIWA) for the Gulf of California 

(Arias et al., 2004), there are two major problems in the legal framework that have had a considerable 

impact on the Colorado River delta: the Colorado River waters are over-allocated (up to 30% by some 

estimates), and ecosystems are not considered beneficial users of that water. The combination of these 

two problems means that the Colorado River delta is last in line of a valuable and over-allocated 

resource.  

 

 

2.4 Colorado River Delta Ecology 

The delta of the Colorado River was once one of the worldôs great desert estuaries, supporting 

vast riparian freshwater, brackish, and inter-tidal wetlands in the most arid portion of the Sonoran 

desert (McDougal, 1904; Sykes, 1937; Leopold, 1949). Today, the Colorado River delta is still 

considered the largest desert estuary in North America, and is comparable in size, ecological, and 

economic importance to the Nile, the Tigris-Euphrates, and Indus deltas (Sykes, 1937; Kowalewski et 

al., 2000). Historically, the Colorado River delta encompassed 780,000 Ha of land near or below sea 

level in the United States and Mexico, including two evaporation basins, the Salton Depression (now 

the Salton Sea) and Laguna Salada (Sykes, 1937).  After modern human settlements began and 

agriculture expanded (for the last 100 years), the Coloradoôs wetland area was reduced to less than a 

tenth of its former size, to approximately 60, 000 Ha (Luecke et al., 1999; Pitt, 2001).  

The Colorado River delta was formed by the deposition of sediments from periodic Colorado 

River floods that date back to the Tertiary period (beginning 65 million years ago). Its shape and up-

building were influenced by three main factors: the relatively narrow space available for sub-aerial 

sedimentary deposition, the pre-existing topography toward and into which the river flow was 

directed, and major tidal forces at the head of the Gulf of California (Sykes, 1937). Tides are the most 
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important forces that influence the shape of the delta, which has been characterized by extensive mud 

flats and a diurnal tidal range that reaches 8 to 10 m (Thompson, 1968). Thompson (1968) was one of 

the first researchers to report environmental changes in the inter-tidal zone after the shutdown of the 

river and the cutoff of the sediment supply. He reported that tidal currents and waves eroded intertidal 

mud, resulting in the exhumation of millions of mollusk shells and making the shoreline into residual 

beach ridges. Subsequent studies by Kowalesky et al. (2000) concluded that the land area of the 

Colorado River delta could be expected to decrease over time, similar to the events occurring in the 

Nile delta (Stanley and Warne, 1993).   

Early explorers reported jaguars, beavers, deer, and coyotes in addition to the legendary 

abundance of waterfowl, fish, and other marine and estuarine organisms (Leopold, 1948; Spamer, 

1990).  Early explorers also encountered the Cucap§ tribe, or the ñPeople of the Riverò, who are 

descendents of the Yuman-speaking Native Americans and have inhabited the delta for nearly 1,000 

years. The Cucap§ used the delta floodplain extensively for harvesting Palmerôs salt grass (a wild 

grain), and for cultivating corn, beans, and squash. Other foods included mesquite, wild boar, wild 

geese, ducks, doves, quail, and fish (Williams, 1983). Nowadays, the Cucapás have been reduced in 

number and have difficulty sustaining their traditional livelihood, which depends upon the riverôs flow 

(Ward, 2003).  

In 1904, when the deltaôs channels were still navigable, McDougal provided one of the earliest 

inventories of its flora. McDougal described the deltaôs vegetation as a gallery forest of cottonwoods 

(Populus fremontii) and willow (Salix gooddingii), grading at the southern end into a tidally 

influenced plain of salt grass (Distichlis spicata), and other halophytes with widely separated screw 

bean (Prosopis pubescens), honey mesquite trees (P. glandulossa), and saltbushes (e.g., Artiplex 

lentiformis).   

By 1977, Felgerôs field trips reported the absence of gallery trees and their subsequent 

substitution for salt-tolerant vegetation; a substitution that was due to the replacement of natural flood 

flows by brackish irrigation return flows from 1904 to 1977 (Glenn et al., 1996). Additionally, some 

nonnative species appeared and extended over the delta, like the shrub salt cedar (Tamarix 

ramosissima), noted already by Sykes in 1935 (Sykes, 1937).    

Later on, Glenn et al. (1992, 1996) provided the most complete flora inventories of the 

contemporary delta, emphasizing wetland impacts of transboundary water management. These authors 

argue that 100 years of upstream water diversion has resulted in a reduced flow of water and 

sediments, and thus, in a loss of natural wetland habitat, and the conversion of the upper flood-plain 

vegetation from gallery forest to lower-growing halophytic plants.   
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Some endangered species present in the delta are the desert pupfish (Cyprinodon macularis), the 

Yuma clapper rail (Rallus longirostris yumanensis), and the southwest willow flycatcher (Empidonax 

traillii extimus). The estuarine and marine portions support two additional endangered species: the 

totoaba (Totoaba macdonaldi), and the vaquita porpoise (Phocoena sinus). 

In 2000, Kowaleski et al. combined paleontological and geological data to estimate the past and 

current abundance of mollusks, used as a proxy to estimate the benthic productivity of the Colorado 

Estuary. This approach allowed researchers to make a comparison of biotic and environmental 

conditions before and after major human perturbations. According to their findings, the most 

conservative calculation indicated that during the time of natural river flow, an average population 

density of 50/m
2
 bivalve mollusks thrived on the delta. In contrast, in 1999-2000, the population 

density of the same benthic mollusks was 3/m
2
 (94% lower). Researchers concluded that such a 

dramatic decrease in mollusksô populations proves the severe loss of benthic productivity resulting 

from diversion of the river flow and the inadequacy of its partial resumption (since 1981 to the 

present). A notable increase in the levels of selenium and other harmful pollutants associated with the 

agricultural water waste (Glenn et al., 1996) may have also played a negative role.  

Nutrient levels and phytoplankton productivity on the delta have been reported as being high 

(Hernandez-Ayon et al., 1993), but both were presumably even higher during times of river input 

(Kowaleski et al., 2000). According to Kowaleski et al., the recent partial reestablishment of the 

Colorado River flow resulted in some revival of riparian habitats, which has been proclaimed a 

hopeful sign for a partial restoration of the delta's ecosystems (Luecke et al., 1999); however, 

Kowaleski et al., argued that they found strong evidence against a similar revival for the marine part of 

the estuary. 

 

 

2.5 Conservation and Restoration Opportunities in the Delta 

Some steps towards conserving and restoring the remnant deltaôs ecosystems have been slowly 

happening over the last decade. For instance, on June 10 of 1993, Mexico declared the delta and its 

surrounding marine areas as the Biosphere Reserve of the Upper Gulf of California and Colorado 

River Delta, a United Nations designation to protect world-class ecosystems while encouraging to 

continue sustainable economic activities in surrounding buffer areas (Luecke et al., 1999). According 

to SEMARNAT (the Environment and Natural Resource Secretariat, Mexico) the Colorado River 

delta and Upper Gulf of California acquired a Biosphere Reserve status given that such areas are ñin 

need of conservation and restorationò, and because they are ñinhabited by species that represent 
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national biodiversity, including those that are considered endemic, threaten, or endangeredò.   Today, 

the Biosphere Reserve includes 934,756 Ha, of which 164,780 Ha (17.6%) are designated a core area, 

and 769,976 Ha (82.3%) are designated as a buffer zone (CONANP). The Biosphere Reserve was 

designated to protect an estimated 19% of the plant species found in Mexico, 22 of the 37 saltwater 

fish species endemic to the Gulf of California, and the desert pupfish, the only surviving native 

freshwater fish of the delta (Luecke et al., 1999).  

Soon after the Biosphere Reserve was declared, the Colorado River delta wetlands were also 

listed as ñwetlands of international importanceò under the RAMSAR Convention (1996).   

Perhaps the biggest contribution to the conservation and restoration of the delta has been the many 

years of scientific research in the area, mostly led by universities and NGOs from both sides of the 

border. Eventually, those who have participated in that research process collected their experiences in 

2000 and delivered a document that identifies the top ñConservation Prioritiesò for the delta (Zamora-

Arroyo et al., 2005). The following paragraphs present some of the most prominent scientific research 

findings and recommendations to conserve and restore the delta, from many of the leading authors.  

In 1996, Glenn et al. identified two main threats to the remnant Colorado deltaôs wetlands: 

water management decisions and flood control projects that do not treat such areas as assets to be 

protected. These authors also offered a valuable comparison between the ecological state of the 

Colorado River delta and the state of the Nile and Indus river deltas. The authors concluded that 

conservation challenges in the Colorado River delta are not nearly as severe as the conservation 

problems faced in the other two river basins. For instance, the Colorado deltaôs population (below 1.5 

million people, INEGI, 2000) is not as large as that of the Nile or the Indus (10-15 million people in 

each basin). At the moment, conservation efforts in those two deltas focus on reducing the rate at 

which urban and agricultural land will erode within the next 50 years, rather than preserving wetlands 

(Stanley and Warne, 1993). The conclusion was that in the Colorado River delta, Mexico and the 

United States still have the opportunity to recover and maintain wetlands, but it will require active, 

rather than passive efforts (Fredrickson and Reid, 1990), probably by building on the status of the 

delta as a Mexican biosphere reserve, and on the environmental provisions of the North America Free 

Trade Agreement (NAFTA)(Appleton, 1994).   

Glenn et al. (1996) also suggests two specific actions to stabilize the delta wetlands: restoration 

of the lower Rio Hardy wetland through implementation of a new earthen dam at the freshwater-

intertidal intersection on the Colorado River channel (Payne et al., 1992), and a commitment by the 

U.S. Department of the Interior to continue to provide Wellton-Mohawk drain water for Ciénega de 

Santa Clara (Glenn, 1992).  
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The Biosphere Reserveôs office has also identified other influential factors that threaten the 

remnant ecosystems, which include invasive species, agricultural run-off, illegal hunting, 

archeological artifacts looting, solid waste accumulation, underground water depletion, lack of 

superficial water, and abuse and misuse of the superficial water that is currently available. Recently, 

the Reserve authorities have also requested that the National Waters Commission (CONAGUA) 

concede the ecosystem some water rights on the Colorado waters that Mexico receives from the U.S., 

so that in the future the delta can be legally considered a user of the same river (CONANP, 2005).  

In 1999, Luecke et al. reported the latest scientific findings about the deltaôs partial recovery 

and made recommendations for managing the existing flows to further benefit the deltaôs ecosystem. 

According to this research team, key areas of the delta can be conserved through deliberate water 

management of its current flow, and without adverse effects on other Colorado Basin water users. 

Managing agricultural drainage, wastewater, and floodwater into the delta is their main proposal based 

in the modest water needs that the delta requires to sustain and rehabilitate its current protected areas 

(about 1% of the mean riverôs flow; Pitt, 2001). Luecke et al. also argue for a long-term vision where 

economical, social, and ecological values of the delta have to be recognized in future deliberations 

over the allocation of water surpluses and where in-stream flows may be dedicated to sustain the delta. 

Pitt (2001) suggested the creation of a water market for the region in which water can be 

dedicated for environmental purposes by means of leasing or buying water rights from the agriculture 

sector. Similarly, Arias et al. (2004) suggested that to minimize conflict while enhancing ecological 

responsibility, restoration plans should include leasing water rights in Mexico and the U.S. for transfer 

to the delta. They also suggested the decoupling of subsidies to decrease water consumption. Carrillo-

Guerrero (2002) concluded that restoration efforts could be embraced and enhanced by the 

participation of local communities in Mexico, either by leasing water or land rights.  

According to Cohen (2002), dedicating water to the Colorado River delta will require several 

steps. These include: developing local capacity and linking economical development in the region to 

the health of the environment; developing specific policies that acknowledge the needs of water users 

for consistency and reliability in the system; increasing public awareness and appreciation of the delta; 

expanding research efforts to refine and document the deltaôs water needs; and increasing 

communication among stake holders. Cohen also argued that perhaps the greatest challenge to restore 

the delta will be to array real and perceived legal and institutional obstacles to dedicate some of the 

river flow for environmental use.  

Finally, Zamora-Arroyo et al. (2005) concluded four main things: that sufficient scientific 

information already exists about the deltaôs ecosystems to determine priorities and begin action in 

conservation and restoration; that the principal threat to the deltaôs ecosystems is the lack of fresh 
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water inputs; that large-scale improvements in the ecosystem health will not be attained until the 

governments of the United States and Mexico make significant commitments to conserve and restore 

the delta; and that each of the deltaôs ecosystems is threatened with loss of resource value. The same 

document established the following recommendations: implement immediate bilateral policies to 

ensure no further harm to the deltaôs ecosystems; use Minute 306 as a platform to launch a 

conservation and restoration plan; implement binational collaboration either through treaty 

agreements, national policies or market-based mechanisms; seek funding from multilateral parties 

such as the Commission for Environmental Cooperation of NAFTA; include consultation to local 

communities before deploying any project; and support further research.   

It is expected that in the future the demand for water resources and land will increase in the 

region, and that global warming will impact water availability. Thus, conservation and restoration 

efforts will have to compete with tighter human needs and come up with creative solutions to secure 

water for the environmental purposes of the delta.  

 

 

2.6 Environmental Services and Willingness-to-Pay 

Only recently have researchers begun to estimate dollar prices on environmental services, often 

with the intention of demonstrating how essential these services are for our economy, and for the very 

existence of humans. Despite criticism of assigning dollar prices to environmental services, the aim of 

this approach seems to offer a missing perspective on the decision-making puzzle of economic 

development. For instance, Costanza et al. (1997) provided one of the first examples of economic 

valuation of global ecosystem services. They estimated that the annual average global value of 17 

ecosystems services was 1.8 times higher than the 1997 global GNP. Global environmental services 

were valued at US $33 trillion/year, versus the value of the 1997 global GNP of US $18 trillion/year. 

Two implications from this study were drawn: first, that this type of studies could help modify systems 

of national accounting to better reflect the value of ecosystems services and natural capital; and 

second, they could aid project appraisal to include ecosystem services lost during cost-benefit 

assessments. 

Valuation of a non-market service or an endangered species is not an easy task. There is 

controversy of why we do it and how reliable and accurate are the current methods to achieve it 

(Carson et al., 2001). The contingent valuation method is a popular survey-based methodology that 

helps to establish the dollar value of an environmental good or service (Carson, 2000). Willingness-to-

pay surveys are common tools in contingent valuation methods. The idea of measuring peopleôs 
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willingness-to-pay for an environmental service or good is the foundation of the contingent valuation 

method (Whitehead et al., 1997). Willingness-to-pay is based on the theory of economic value through 

which our society assumes that environmental goods and services are anthropogenic and thus 

subjected to be paid for.  

Willingness-to-pay is one of two standard procedures to measure economic value. It is an 

appropriate measure to use when an agent wants to acquire a good or a service. The other standard 

measure of economic value is willingness-to-accept and is an appropriate measure when a person with 

legal entitlement to a good is asked to give it up through compensation. Because we do not have legal 

entitlements to environmental services or goods, the appropriate measure to use here is willingness-to-

pay (Carson, 2000). For this study, willingness-to-pay was appropriate because the remaining 

wetlands of the delta are a public good providing many environmental services, and because their 

restoration depends on a solid economic justification of the profitability of federal investments to 

purchase water for the river itself (Sanjurjo and Carrillo, 2006b). Proving that people are willing to 

pay to have water back in the river and that they will benefit from it could strengthen a restoration 

strategy for the Delta.  

Typically, a willingness-to-pay survey constructs scenarios that offer possible future 

government actions. Survey participants are asked to state their monetary preference concerning those 

actions. During the survey participants are also informed of the context of those actions and their 

repercussion before they state their preference; the idea is that participants make an informed choice 

and reflect their realistic willingness-to-pay. For this study, I adopted a hypothetical water flow 

restoration scenario and then asked people to state what prices they preferred to pay for restoration. 

The final part of a contingent valuation is to analyze participantsô choices in a similar manner as the 

choices made by consumers in a real market. A variety of econometric models exist to determine what 

is the maximum, minimum, and the average that people is willing-to-pay for an environmental good or 

service. Most models are based on linear regressions. However, to match my experience level and 

accomplish the purposes of this study, I decided to take a non-parametric approach to assessing 

peopleôs willingness-to-pay. I used willingness-to-pay at a descriptive level to define peopleôs 

attitudes and motivation towards restoration efforts in the Colorado River delta. I assumed that linking 

resource use and willingness-to-pay can provide a good platform to examine motivation to support 

restoration in the delta.   

Standard features of a willingness-to-pay survey are: (1) an introductory section that gives 

background information about the decision to be made; (2) a description of the good under valuation; 

(3) an instrument to capture the participantôs monetary contribution; (4) an explanation of how he or 

she will pay; (5) the debriefing questions of why participants responded un they way they did; (6) a 
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survey method to elicit respondent preferences; (7) the collection of supporting socioeconomic data 

form each participant. In this study, both surveys had all the above elements recommended by Carson 

et al., 2001. In addition, the Mexicali survey considered double-dichotomous choices to comply with 

the previous SLRC survey design but also to provide an interval of choices for participants. 

 

2.7 Willingness-to-pay in a Latin American context 

Willingness-to-pay surveys are common tools in contingent valuation methods. Contingent 

valuation is a relatively new approach that has developed over the last 40 years, mostly used by 

Federal agencies and international organizations with environmental responsibilities (Carson, 2000). 

Contingent valuation is growing in importance. By 2000, some 200 academic papers in many fields of 

study, in many places around the world, had been published (Carson, 2000). A quick search on the 

Environmental Valuation Reference Inventory (EVRI) yielded 1194 studies around the world, for the 

term ñwillingness-to-payò. EVRI is a large online database assembled for policy making purposes by 

Environment Canada, the European Union, the Environmental Protection Agencies of the U.S, Mexico 

and Chile, the World Bank, and the Economy and Environmental Program for South Asia. For Latin 

America contingent valuation is even newer; a search on EVRI yielded only 21 studies, the earliest 

ones from 1994 on air quality and forest value, in Chile and Mexico respectively.  Other Latin 

American countries with this type of study include Costa Rica (4), Brazil (4), Ecuador (1), Dominican 

Republic (1), Uruguay (1), Haiti (1), Colombia (1), Peru (1), and Bolivia (1). Currently, EVRI has on 

record five contingent valuation studies in Mexico on air quality, water supply, biodiversity, and 

forestry. The 2005 SLRC study on which I have focused my research is not part of the EVRI database.  

 

 

2.8 Importance of valuating the environment 

The economic valuation of environmental services has evolved on at least three main lines of 

estimation: total value, passive use value, and natural resource damage (Costanza et al., 1997; Carson 

et al., 2001; Carson et al., 2003). The Biodiversity in Development Project (2001) defined total value 

as the sum of use values (direct use of products and services), and passive use values. When an agent 

does not need to make use of a good to receive benefit from it (e.g., an agent benefits from the 

existence of glaciers in the Antarctic, even if he or she never interacts with them), that use is passive, 

(Carson et al., 2001). Natural resource damage is a popular application of contingent valuation and 

large studies such as the one on the 1989 EXXON Valdez oil spill in Alaska illustrate one of the best 
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examples available today (Carson et al., 20003). During a later valuation of environmental damages, 

Carson et al. (2003) found that the 3 billion dollars (1990) paid by EXXON on oil spill response, 

restoration, and compensation to the state of Alaska, actually matched the lower bound estimation of 

2.8 billion dollars, originally estimated with a national contingent valuation. From this experience, 

these authors argue that requesting restoration or compensation for damaged natural resources requires 

knowledge of the monetary value the public places on a resource, and therefore the utility of the 

contingent valuation approach.  

Sanjurjo and Carrillo (2006a) gave a first estimate of the present passive use value of a constant 

river flow in the Colorado River Delta. The present passive use value of a constant water flow in the 

Delta was estimated at $38 million pesos/year (or US$3.45 million/year; at an exchange rate of 1:11 

dollars to pesos, in 2006)(Carrillo and Sanjurjo, 2006a). The estimation is qualified as conservative 

and it only expressed the opinion of SLRC and a few other river communities. According to the 

authors, estimating the passive value that larger neighboring cities such as Mexicali, Yuma, or San 

Diego place on a constant river flow should notably increase their initial estimate. Both authors have 

also clarified their aim to emphasize the importance of revealing contemporary passive use value of 

remnant environmental services in the Delta, rather than to open the debate on transboundary 

environmental justice. This thesis supports the same point of view and strives to make contributions in 

the same direction.  

 

 

2.9 Socio-psychological models and willingness-to-pay 

Socio-psychological models are tools to dissect the interactions of peopleôs decisions and 

opinions and public policy strategies. These types of models look at peopleôs systems of beliefs, 

attitudes, motivations, and behaviors (Brunson and Shindler, 2004). Although developing this type of 

models can vary depending on the object and group of people under study, there are common elements 

to all of them. For instance, all attitudes are the result of cognitive beliefs, emotional responses and 

value orientations towards an object in peopleôs lives (Bright et al., 2002; Brunson and Shindler, 

2004). Relevant theories that are commonly used during social psychology studies of natural resource 

management and valuation are the theory of planed behavior (Pouta and Rekola, 2001) and the theory 

of reasoned action (Fishbein and Ajzen, 1971). Pouta and Rekola (2001) argue that using the theory of 

planed behavior is appropriate in natural resource valuation, given that those types of resources 

involve non-market benefits. The theory of planed behavior uses willingness-to-pay as a behavioral 

intention where participants state their support or oppositions to protect a resource at their own cost. 
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The theory of planed behavior basically explains how behavior relates to intended behavior and how 

this relates to attitudes and norms. Three types of attitudes have been already related to willingness-to-

pay studies, those are: attitudes towards the public good, attitudes towards policies dealing with the 

public good, and attitudes towards paying for the public good (Pouta and Rekola, 2001). In this study I 

mostly dealt with the attitudes towards paying for a public good although not exactly following any of 

the above theories and mostly relaying on my own intuition. 

 

 

2.10 Conceptual Framework of the Study 

Figure 2.1 outlines the disciplines and methods underpinning this study. The two leading 

disciplines of this study are restoration ecology and economics. Those disciplines converge into a 

strategy to study the economic costs and benefits of restoration through an analysis of peopleôs 

willingness-to-pay (attitudes). The expected contribution of this work is to record and yield more 

information on potential regional benefits and barriers related to restoration efforts. The methods used 

in the analysis of this study were fieldwork and the analysis of secondary sources. Fieldwork focused 

on surveying Mexicaliôs households, and on gathering direct observations during a three-month stay in 

key locations of the study area.  Other tools to collect complementary data were the 2005 SLRC 

survey results, academic reports, and government records. The study had exploratory, descriptive, and 

explanatory purposes.  
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Figure 2.1. The conceptual framework of this study. 
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3 METHODOLOGY 

3.1 Introduction 

This thesis uses a case study research strategy and most of its findings were achieved through 

non-parametric statistic analysis of data. According to Yin (2003), a case study approach is used when 

there is a need to understand complex social phenomena in a contemporary domain. The case study is 

used in many situations to contribute towards knowledge of individual, group, organizational, social, 

political, economic, and related phenomena (Yin, 2003). According to Cohen (2002), the Colorado 

River delta provides a valuable case study for several reasons. On the one hand, the Colorado River 

delta offers a unique example of transboundary ecological degradation, as a direct consequence of 

extensive physical infrastructure and a complex legal framework. On the other hand, it also represents 

a valuable transboundary restoration opportunity due to the proven resilience of this ecosystem.  

The contingent valuation method is a survey-based economic method that focuses on asking people 

how much they are willing to pay for an environmental good or service. This method yields a number 

that represents how much that environmental good or service is valued by a specific group of people 

(community). In this study I used the core ideas and procedures of contingent valuation to investigate 

what determines peopleôs attitudes to support a water flow restoration for the Colorado River delta.  

 

 

3.2 Area of Study 

First, it is worth distinguishing between the municipality of Mexicali, the city of Mexicali, and 

the Mexicali Valley. Basically, the last two are contained within the larger geographic and politic unit 

of the municipality. As a municipality, Mexicali is one of five municipalities in the state of Baja 

California, and it is also the stateôs capital (Figure 3.1). When talking about the municipality, I will 

refer to it as ñthe municipality of Mexicali,ò and it will include the city of Mexicali. However, for this 

study the survey efforts focused only on the city area to which I will refer as the ñcity of Mexicaliò or 

ñMexicali.ò Finally, when talking about the rural area and crop production land, I will refer to it as the 

ñMexicali Valleyò (Figure 1.1). 

The city of Mexicali is bordered by California to the north, the Colorado River and Sonora to 

the east, the Mexicali Valley to the south, and the municipality of Tecate to the west (Figure 3.1).  

Mexicali is a border city located within 64 km of the Colorado River, at an elevation of 3-10 m, and 

with a municipal territory of 13,700 km
2
. This city lies within the Sonoran Desert biome characterized 
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by a dry tropical climate (BW of the Köppen classification), an average precipitation of 5mm/year, and 

average evaporation of 170 mm/year. The temperatures range from 12̄C to 49̄C (Perez, 1981).  

 

 

Figure 3.1. The state of Baja California with its five municipalities: Mexicali, Ensenda, Playas de 

Rosarito, Tijuana, and Tecate (Gobierno del Estado de Baja California, 2007). 

 

In 2005, the city of Mexicali had a population of 653,046 people, about 74% of the population 

of the entire municipality (INEGI, 2006). The annual population growth for the municipality was 2% 

in 2005 (INEGI, 2006). In contrast, the national growth rate was 1%, in 2005, which means that the 

municipality of Mexicali has one of the highest population growth rates in Mexico (INEGI, 2006). 

According to federal and state reports, the state of Baja California has been known as a waiting area 

for emigrants for many decades, but in recent years the intensity of emigration has been gradually 

decreasing. In 2000, 12.8% of the population was classified as recent migrants (ñmigrantes recientes,ò 

people with less than 5 years of residency in the state), while in 2005 that proportion shrank to 8.2% 

(INEGI, 2006).  

For many centuries, the Colorado River nurtured a vast extension of land known now as the 

Colorado River delta. Thanks to the deposition of layers of sediment that reach up to 2.5 km in 

thickness, the Mexicali Valley emerged as prime farming land extending to more than 2,000 km
2
 (207, 



 

 23 

000 Ha) of irrigated land (Sykes, 1937; Cohen and Henges-Jeck, 2001). The Mexicali Valley is the 

agricultural heart of the state of Baja California and it is still responsible for some of the largest crop 

productions in Mexico (Sanchez-Lopez, 2000). Historically, this valley focused its production on 

cotton and became the leading national cotton exporter in the 1950s and 1960s (Gobierno del Estado 

de Baja California, 2007). Since the 1960s, the valley has diversified its production and now exports 

wheat, asparagus, broccoli, green onions, and radishes. Overall, crop production for internal and 

external markets includes about 40 commercial varieties between cereals, oilseeds, fodder, vegetables, 

flowers, and fruit trees (Sanchez-Lopez, 2000). In general, the valleyôs production is subjected to two 

productive cycles: spring-summer, and fall-winter. During the first cycle, cotton is the most important 

crop due to its value, while during the second cycle wheat is the most important crop (Gobierno del 

Estado de Baja California, 2007).    

Gradually, Mexicali has been experiencing more economic changes thanks to the decree of a 

tax-free zone for imports and to the North American Free Trade Agreement (Mexicali Tourism Board, 

2006). Mexicaliôs economy is now reoriented towards industrial activities, services, commerce, and 

tourism. Industrial activities for instance, are now dominated by assembly and manufacturing plants 

(ñmaquiladorasò) that focus their production on electronics, textiles, cars, and trucks (Secretaria de 

Desarrollo Economico, Gobierno del Estado de Baja California, 2007). There are 24 large industrial 

zones within the municipality of Mexicali. In a national context, the state of Baja California has also 

one of the highest living standards in Mexico reflected by high investments in education and low 

unemployment rates. In 2006, Baja Californiaôs unemployment rate was 1.8% while the national rate 

was 4% in 2007. Both the state and municipal governments recognize that the economic life of this 

region is directly linked to water availability from the Colorado River.   

Carrillo-Guerrero (2002) argued that community participation from private landowners could 

contribute to further conserve and restore the Colorado River delta. In her thesis work, Carrillo-

Guerrero interviewed residents along the Coloradoôs riparian corridor (within the Mexicali Valley) and 

assessed their willingness-to-lease land and water rights under hypothetical conservation and 

restoration scenarios. Carrillo-Guerreroôs work unveiled local interest, support, and commitment 

towards restoration efforts, which included retiring marginal cropland and leasing water rights. This 

author argued that gaining community participation is another crucial factor to overcome regional 

historic trends in wetland conservation. Therefore, gaining more knowledge about other rural 

communities or large urban centers associated with the delta will contribute towards a more integrated 

and inclusive restoration and conservation plan. As the stateôs capital and largest city in the Colorado 

River delta, Mexicali is an important site to study peopleôs attitudes to support the ecological 

restoration of the delta. 
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Additionally, San Luis Rio Colorado, Sonora, was a secondary area of study that allowed me to 

make comparisons between a large city (Mexicali) and a small city (SLRC). Both cities are associated 

with the Colorado River but while SLRC has been characterized as a true river city, Mexicali is at 

least 64 km away from the riverôs influence. This variation in ñdistance to the riverò was expected to 

influence peopleôs environmental awareness and attitudes towards hypothetical water flow restoration 

efforts.  SLRC is also a border city (Figure 1.1). In 2005, INE investigated peopleôs willingness-to-pay 

in SLRC and found that people is willing-to-pay a maximum of 52 pesos/person/visit to a restored a 

Colorado River Delta area. During my study, I took the results of the SLRC study and made a non-

parametric comparison of two things: levels of peopleôs willingness-to-pay, and their motivation to 

support restoration efforts.  

 

3.2.1 SLRC survey 

This study used a previous willingness-to-pay survey from SLRC, Sonora, done by INE in 2005 

(Carrillo-Guerrero, 2005). The sample size of this survey was n= 306, the error was 5%, and had a 

significance level of 90%. The rate of ñno responseò was not reported in that study. The SLRC survey 

had a total of 19 questions and all of them were also used in the Mexicali survey allowing me to 

follow the same survey design. Data collection followed a simple random sampling approach. The size 

of this city (145,006 people according to census of INEGI, 2000) allowed researchers to include all 

neighborhoods with a quota of 20 surveys from each of the 15 neighborhoods that compose this small 

city. Each neighborhood was delimited in a map and then systematically sampled starting from the 

most northwestern corner and then skipping four houses to collect the next survey.   

 

 

 

3.3 Research Methods 

3.3.1 Mexicali Survey 

A survey was implemented during October of 2006 and targeted the heads of households in 

Mexicali. A total of 564 households were surveyed in three weeks. The unit of analysis, the household 

head, was considered as any adult (18 years or older) representing a family, specifically those making 

budget decisions or administering the resources of a home such as a mother or a father. On average, 

each survey took 15-25 minutes and was given in Spanish. To execute the survey, the researcher hired 
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the services of a market-research agency named FOCUS, a company with ample experience and 

headquarters in Mexicali. FOCUS provided five interviewers, one field supervisor, AGEB maps, and 

transportation. The researcher participated as a trainer, coordinator, and interviewer. All surveys were 

done face-to-face and captured on paper (Appendix A). 

The survey design complied with standard contingent valuation methods building one realistic 

scenario with 4 price variations in the initial offer, randomly assigned to participants (Survey Type1 to 

4, Appendix A). Each participant was asked to state his or her preference of price twice (double 

bounded dichotomous questions). With a binary survey design I investigated preferences at three 

levels: a baseline price or Offer1 that all participants received (20, 40, 60, 80 pesos); a higher price or 

Offer2 (30, 50, 70, 90 pesos); and a lower price or Offer3 (10, 30, 50, 70 pesos). Each participant was 

given an initial offer (Offer1), then, according to their Yes/No answer a second choice (Offer2 or 

Offer3). Offer2 comprised higher prices and was given only to those who already agreed to pay 

Offer1. Offer3, on the other hand, comprised lower prices and was given only to those who refused to 

pay Offer1.In other words, Offer2 tested participantsô limits to pay above the initial offer, while Offer3 

lowered the price seeking to shift negative responses into positive at a lower price.  

 

 

3.3.1.1 Sample Size  

The sample size was obtained primarily by reconstructing the standard deviation and the mean 

for the monthly income per household in Mexicali. To reconstruct that data I used the state of Baja 

Californiaôs census of population and housing CONTAR 2000, from INEGI. Precautions were taken 

to minimize the sampling error of the statistical estimators in accordance to our time and budget 

constrains. Under those considerations, the sampling size was finally established at n=561 households, 

with a margin of error (e) of 6.5%, and a confidence level of 95% (z). The final sample was rounded to 

n=564 households.  

The sample was representative of the population because it was based on calculations of central 

income estimators (average and variance) of the population under study, which was later corroborated 

with state reports. The last available state report from 2003 locates Baja Californiaôs GDP at US 9,571 

per person/year (Secretaria de Desarrollo Social del Estado de Baja California, 2007). This state report 

confirms and validates the income estimations made in this study (9,554 pesos/month of average 

income; 7522 deviation standard). The Statistical Consulting Service of the Statistics and Actuarial 

Science Department, at the University of Waterloo, provided support throughout the design and 

analysis of this study. 
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3.3.1.2 Sampling Procedure 

In order to select 564 households from the city of Mexicali (Figure 3.2), I used a combination of 

random and systematic sampling design. First of all, I used random sampling at an AGEB (Basic 

Geostatistic Area) level and then systematic sampling of households within each AGEB. An 

immediate sampling need was to build the geographic limits of the sampling area. For that I adopted 

the AGEB as an intermediary area unit for this survey, aware that drawing a random sample from a 

city with 133,345 households would have been unviable with my resources. AGEB units are widely 

recognized and used for demographic and economic research by INEGI. In Mexico, one AGEB groups 

city blocks in sets of 50, approximately; the final area will always vary from one AGEB to the other 

(Figure 3.3). Based on the total number of AGEBs reported in the city of Mexicali (208), I discarded 

any remote AGEB (eight satellite urban areas), and those AGEBs that reported under100 households 

(three) during the 2000 population census (SCINCE por Colonias de Baja California, XII Censo 

General de Poblacion y Vivienda 2000, INEGI). 

Once the survey area was delimited, a total of 47 AGEBS and 18 replacements were drawn 

using the random number function of Excel. An example of an AGEBôs map is provided in Figure 3.3. 

I used similar maps for each AGEB visited during the survey. Subsequently, a quota of 12 

surveys/AGEB was established based on two things: resources availability and direct 

recommendations from two marketing research agencies that usually implement 10 to 30 

surveys/AGEB when surveying Mexican cities by AGEB.  

Though this study tried to gather information from all socioeconomic levels, the highest 

socioeconomic levels of Mexicali were not reached. Access to households with the highest income 

levels of the city was not possible due to barriers to reach such strata (e.g. vigilance and security in 

rich neighborhoods). The original random sampling of AGEBs did include two rich neighborhoods but 

obtained zero response and thus I substituted them with a similar AGEB of a lower income. I believe 

that the data collected during this study is still representative given that the majority of the populations 

is medium/low class and thus very well represented in this work. 
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Figure 3.2. The city of Mexicali including its 208 AGEBs (Gobierno del Estado de Baja California, 2007).


