Citizenso6 AfEstablitha BernsanentdVat& e

Flow for the Colorado River Delta, North Western Mexico

by

Xochitl Itzel Hernandez Morlan

A thesis
presented to the University of Waterloo
in fulfillment of the
thesis requirement for the degrafe
Master of Environmental Studies
in

Environment and Resource Studies

Waterloo, Ontario, Canada, 2007

© Xochitl Itzel Hernandez Morlan 2007



AUTHOR'S DECLARATION

| hereby declare that | am the sole author of this thesis. This is a true copyhrefdiseincluding any
required final revisions, as accepted by my examiners.

I understand that my thesis may be made electronically available to the public.



Abstract

Ecosystem services and goods are-mamket values that are increasingly being accountedigh
contingent valwuation methods and mdapayfstheenci f i cal
Large ecosystem restoration is an area that benefits from economic valuation because placing a

monetary value proves that restoration efforts atéfigsto 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, cultat, and geographic reality. In this study | adopted the idea of willingoess

pay to examine peopleds attitudes towards river
The Colorado River Delta is a resilient ecosystem that has endured sesteflew 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 esystem despite its resiliency and the many regional benefits it still provides.
This study has two research gquestions. Fist, |
willingnessto-pay. Second, | compared willingngsspay attitudes between theie& 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 realistir flow restoration scenario at a range of prices from 10 to

90 pesos in order togaytagdatat of Gocesarpelysavérs deliverdd Faceriog n e s s
face in Mexicali. Subsequently, | compared Mexicali survey results with a previous SLRE.sur

Descriptive statistics, neparametric analysis, and qualitative analysis were the main instruments to

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

benefits from the river were the most significknd ct or s t hat det er-topay.ed peop
Migration was also a salientsoa@loe mogr aphi ¢ factor that probably &
attitudes towards river flow restoration. When making comparisons between cities | found that SLRC

is morewilling to pay than Mexicali, which confirmed my hypothesis that environmental awareness
influences willingnesso-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 bothecii . Peoplebdbs exposure to
from one city to the othérSLRC people have more interactions with the river than people from

Mexicali do, thus matching again the difference in willingresgay attitudes of each city. Although

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

clear connection to willingneds-pay within Mexicali, | found only a marginal statistical relationship

that was very close to be significant. This was due to thelfact ainalyzed the dependency of those

variables for all prices and not at a specific price range where the actual average wiliograsss

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

What motivatep eopl e t o pay was related to resource con
ecological importance. What motivates people to not pay relates to negative attitudes such as

incredulity and lack of trust in Mexican institutions. My main recommeandatare 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 socipsychological models.
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1 INTRODUCTION

1.1 Context of the Study

Ecosystem services are norarket values whose imgance 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 doshefit examples ever given by nature. Were decades of
development and economic aogaishments worth the multidimensional costs of Katrina, roughly
estimated in 1,836 |ives and $156 U. S. billion (
and longterm losses higher than the benefits extracted? These types of questions grenstrging
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 atéhd 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
whole. However, the ecological restoration of large ecosystems is a major task and it can only be
successful with citizen support and participatic
towards restoring a permanent river flow in the Cadior River delta; their attitudes directly relate to
the level at which they value a restored ecosystem service.

Documents and citizensod6 collective memory rec
the Upper Gulf of California, wasonceoneofthe r | dés gr eatest desert est
the twentieth century, water diversions and dams prevented the Colorado River from reaching the sea.
For decades, the generalized thought was that ¢t
condemnedtc ol | apse. Al though the deltab6s original ab
remembered mostly through pictures, documents, and stories, recently the delta has also shown
unpredicted signs of recovery. Despite all odds, years ago the delta maderaggfukanineback as a
result of unusual wet years during feriod19831993 which sawEl Nifio eventsand the filling of
major structures upstream (Pitt, 2000) decade of incidental fl ows tri
resilience, a slow process witnedsylocal communities and a few reseanshiom both sides of
the border. After damming the river and during dry years, agricultural waste flows have been the only
fresh water source maintainimghat is left of the Colorado River delf@lem, 1998; Lueke, et al.,

1999).Lueckeet al.(1999) describé¢ o day d6s delta as fAa remnant of sn
1



mudfla s 0 coveri ng aleahatequéld8% ®fltHorigihalrface (Glenmt al.,
1999)

According to many authors (Glent998;Lueckeet al, 1999; Pitt, 2001ZamoraArroyo et
al., 2009, the @loradoRiver delta in Meico merits conservation due to the value of its remaining
habitat and wildlié 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 agreementtowarésc ogni zi ng t he Col or ado
water needsvas signed under the name of Minute 306. Thisnalese pr oves that the de
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 recognizedhait the two countries cooperate in studies, with an aim to conserve the
deltads environmental assets (Pitt, 2001). Pr omp
and | and managers gathered at a bi nsarvatioon al meetin
Priorities in the CaeArayoehal,00%.iAkheugh thisedbctinzeiit cagndta mo r a
be considered a restoration or conservation péarse it constitutes an important step in organizing
knowledge and experts in the region. Caowagon Priorities is the first collective transboundary
document that visualizes a direction for conservation and restoration efforts in the Colorado River
delta. Among many recommendationgl@ating the economic costs and benefits of restoration is
oneof theresearch eeds identified in thatocument.

The Society for Ecological Restoration (SER) International defines ecological restoration as
ffan international activity that initiates or acce
healh, 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.o Ehrenfeld (200O0a4as)intheéetdodaconserneationt hr ee c o
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 intest that generates economic and political support. Given that the Colorado River
is subjected to greater institutional control than perhaps any other river in thd@ainkeh, 2002)it
seems logical to strengthen an economic approach in the restofaiitga the delta, aiming to
convince and gain support from citizens and decision makers in both nations.
In Conservation Priorities (Zamo#rroyo et al, 2005), most restoration research has already tackled

restoration work by focusing on species acdsystems. An ecosystem service approach has just

2



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 tegréam flows in
the Coloado River delta. In San Luis Rio Colorado (SLRC), Sonora, INE used a contingent valuation
method to determine the naise value of restoring a constant river flow. With this study INE
concluded that the Mexican government should invest in restoratiotsefioen that restoring the
river will also derive modest economic benefits to the region (Sanjurjo and Carrillo,)2006a
Gathering more information about citizensd | evel
as Mexicali, will contributeo further justify a federal restoration plan for the alelt

Willingnessto-pay surveys are common tools used for the economic valuation of ecosystem
services and goods that are not part of the worl
willingnessto-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-psyithological modelwhich basically evaluate the
systems of beliefs, motivations and behaviors that characterize a group of people. In this study |

specifically look at the motivations behind willingndgespay 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 towardasstablishing a permanent

water flow for the Colorado River?

2. 1s there a diff er enc e-establishmgaperanendbvaterdlawtini t ud e s

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

The main research hypothesis is:
HypothesisMexicali and SLRC have different willingnesspay attitudes due to differences in

levels of environmental awareness @t city.

In order to answer these research questions and test my hypothesis, this study had three specific
objectives: 1) to survey Mexicald] and gather evi
restoration of a permanent water flow for th@d@ado River; 2) to compare results between Mexicali

and SLRC surveys, in order to identify patterns
3



support river flow restoration in each city: 3) to collect kiglality information that can be
transkrred 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 contexthe reméaning ColoradoRiver deltascatteredetweerthe municipalities of
Mexicali and SLRCMexico, wasthe general geographic unit for this stuigirel1.1). However,
this case studfpcused most of its fieldwork (survegxclusivelyon the city ofMexicali, which is the

capital of the State of Baja California, Mexideéidure3.1).
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Figurel.1. Study area delimiting the ecological zones currently identified in the Colorado Belta
(adapted from ZamorArroyo et al,, 2005).



1.4 Methodology

This study mostly uses a case study approéaeithieve its goals. Two specific tools fata
collection and analysis were usedfield survey in Mexicali, and cross tabulation analysis§ s o n 6 s
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 hé)rbss tabulation analysisused to
assess dependency across Mexicali vargaflbe Chisquare test for independence focuses on testing
if there is a difference in willingnede-pay between Mexicali and SLRC. Other tools tdeail
complementary data includelifect observation, anskcondary sourcesich agthe SLRC survey

resuls (2005), acadeimreportsand gvernment records.

1.5 Thesis Organization

This thesis has been divided irsia chapterstwo Appendixes, and a bibliography. This
introductory chapter presents the problem statement, purpose, research questions, agglsypoth
underpinning the study, as well as a general explanation of the methodology and the structure of the
documentChapter 2elvesinto a broader background explanation of the Colorado River Delta
environmental issues and it explains the conceptual fwankeof this studyTo explain the
theoreticak ont ext of the study | examine how citizens
be assessed with willingnegspay surveg. Chapter Jrovides a detailed explanation of the
methodology followed dring this studyChapter4 ont ai ns t he studyds resul't
blocks: Mexicali survey descriptive statistics; cross tabulation analysis of relevant Mexicali variables;
and a comparison of willingness-pay distributions of Mexicali and C (Chisquare test for
independence). Graphical and numeric evidence to discuss and answer the two initial research
guestions is provided during this chapt@hapter Kiscusses the main findings of this study. Chapter
6 presents conclusions and recomdaions for the direction of future research. Finally, Appendix A

and B provide Mexicali and SLRC supporting materials, respectively.



2 CONTEXT AND CONCEPTUAL FRAMEWORK

2.1 Research Context of the Colorado River Delta

According to Sykes (1937), the first rederof explorations conducted in the Colorado River
delta took place in 1539 by Francisco de Ulloa, a captain in the service of Hernan Cortes. Despite
t hose f i ritisetdeltarenamed plinastgara incognitafor the coming two centuries
thereafted . Most of the records Il eft by the first expl
funattractive |l and, traversed by a great river th
deserts of unknown extent, and guarded from a sea approgchleyat and Mhhiol ent ti de s«
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 uniquebeause it was done at a time of major en
ecosystem, and because the Colorado River delta had not been formally studied befbiet 197
time, the Mississippi and the Fraser River deltas were the only deltas pregimaséd 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 intodieed basins and the sea
(one of the few deltas with this ataateristic in the world), and because of the magnitude and effects
of tides on the deposited sediments (tides three times bigger than those of thEupgrites in the
Persian Sea, its nearest analogue). Sykes (1937) rightly predicted most of thenviepgmmental
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 Riveew 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 powekjiged regulaidependable 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 beethe 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 managpaotidos, and
environmental degradation across international borders. Several authors such as Sykes (1937),
Leopold (1948), Luecket al.(1999), Pitt (2001), Cohen (2002), and Ward (2003) highlight that



progress had come to the Colorado River Basinhagh environmental costs: developing agricultural

oases transformed the regionds | andscape in | ess

In 1981, Fradkin concluded in his bo&kRiver No Morethat the Colorado River Delta was
dead after more than 50 years of extreme frestier depravation. However, despite all predictions the
delta showed signs of recovery in response to small incidental floods during the late 1980s. According
to Glennet al. (1996, 2001), the delta has been patrtially 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, GalinBectet al. (2000) correlated peak shrimp catches
of the last two decades, in the Gulf of Califormath 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 tog#ther in
conservation and restoration of the remaining, but resilient Colorado River delta.

2.2 Hydrology of the Colorado River Basin

The Colorado River basin covers 655,00F kitom the snowcovered Rocky Mountains range
in the United States to the arid d#dts 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 UnitedsStatd 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 (Hardingt al.,19%). Hardingetal.( 1 995) report that 70%
annual natural flow occurs from May through July, when the spring and summer heat melts the snow
in the Rockies. Ohmaet al.(1998) also report that int@nnual fluctuations vary, depending on the
size of the Rockiesd snow pack and how quickly
in mid-winter.

The Colorado Riverds hydrologic history can
dam construction and water diversion paig along the river. Cohen (2002) argues that marked
volume fluctuations used to characterize the Colorado, both between and within years prior to any
manmade modifications of the river. The maximum reconstructed annual flow (i.e., the flow that
would hare occurred without dams or withdrawals) during the period of record occurred in 1983, with
an estimated flow of 31 kinthe minimum reconstructed flow occurred in 1934, with an estimated

flow of 7.7 knt. According to other researchers, the average arflowatould have varied from a
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long-term mean of 16.7 kinbased on tregng records (Meket al.,1995), to 18.6 krfhfor the past
century of instrumental record (Owdnyce and Raymond, 1996).

The new hydrology of the Colorado River is strictly subjetteidstitutional 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; Lueclet 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 (Glenet al.,1996; Cohen, 2002; Ward, 2003). These major dams sdedeat
holding water and large amounts of sediments that used to characterize the river (from there its name
ACol oradoo) , b ut ethlyepdrt€d @eDerse sedimentaryeprosekses in the delta,
which means that the tides currently are remowioge 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
muchas 1.2 m/day (4 ft/day) (Reclamation, 1996). Alswiedrop 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 lacgastimer 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
(ZamoraArroyo et al,, 2005), some advanceave been made in this respect. For instance, Genn
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
agricutural return flows (Paynet al.,1992). Flow volumes of this tributary are not well documented
but a mean discharge of agricultural return, for 12916, averaged 1.3 KniThe second source is the
Wellton-Mohawk main outlet drain extension (MODE) camelhich since 1977 has carried 1.8
km?®/yearof mildly saline (3ppt) groundiater from the irrigation district of WellteMohawk, Arizona
(Burnettet al, 1993). The third source of water is the Riito Drain with approximately 0.3fyéan
of agriculturd drainwater (4ppt) fronthe 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 Gleeinal.(1996), report 0.1 kifyea of artesian flow; this smalll
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 G&lifornia. Althoughhypersaling40 ppt) this source is significant
because of thextreme tide ranges of the Upper Gulf, some of the highest of any coastline (Thompson,
1968).



Additionally, Coheret al.(2001) calculated a preliminary water balance for the lower Colorado
River main stream, Ciénega de Santa Clara, and El Indio wetlanide delta, for the period of 1992
t01998. Among the main findings of this research was that durindlomh years, agriculture and
domestic returns to the main stream contributed 180% of discharge at the International Border (at San
Luis Rio ColoradpSonora, 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 farofibe 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 legalframwor k call ed AThe Law of the Rivero. Thi
that reflect the negotiations between both countries since the Méx@&dNater Treaty of 1944. In
this treaty Mexico was guaranteed an annual volume of 1.8%gkus an annal surplus), and a later
amendment also prescribed a salinity rangkl&f ppm + 30 ppri.S count (IBWC, 1973; Varadst
al., 2001; Cohen, 2002; Ward, 2003). The two commissions that rule international water negotiations
are the International Boundary athter Commission (IBWC) representing the United States, and the
Comision Internacional de Limites y Aguas (CILA) on behalf of Mexico.

According to Glenret al.(1996), Mexico was allotted approximately 10% of the base river
flow, through the Water Treatyf 1944, but | eft the delta with no
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 Powgd,and 2977,
respectively), combined with the occurrence of a wet period ¢198G, during El Nifio events). Such
a change allowed water to reach the delta, through water releases up to 10 times higher than water
treaty allotments (average excess flowsave8 kni/ 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 (Glenat al.,1996). These unintended floods were responsible for the partiaérgcov
that the delta has experienced since 1981, which

and the need for restoration and conservation of this area.

An i mportant milestone in AThe Law o0 the RivVv
Minute 306, signed by IBWC and CILA in 2000. Minute 306 represents the first bilateral recognition



of the ecological importance of the delta. Nevertheless, this minute falls short because it does not go
beyond recogni zi ng t bogical@aeeds. Qvarall, sd far dcgdemmidsandd el t a d s

NGOs have been the only ones to make significant

conservation, and restoration efforts forward.

Given the river i mpoundment 0 abilites, Gleneegagb capaci ty

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

again (Holburt, 1982, 1984; Rhodetsal, 1984). Although the storing capacity is 740°kthe total

space needed for flood cooltis only 66 kni, 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
(Ariaset al, 2004), there are two major problems in thgaldramework that have had a considerable
impact on the Colorado River delta: the Colorado River waters areattweated (up to 30% by some

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

two problens means that the Colorado River delta is last in line of a valuable andllocated

resource.

2.4 Colorado River Delta Ecology

The delta of the Colorado River was once
vast riparian freshwater, brask, and intettidal 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, ¢catabica
economic importance to the Nile, the TigEsphrates, and Indus deltas (Sykes, 1937; Kowalestski

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

(0]

ne

agriculture expanded (for the |l ast 100 years),

tenth of itsformer size, to approximately 60, 000 Ha (Lueekal, 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 agjajte and up
building were influenced by three main factors: the relatively narrow space available-t@rgalb

sedimentary deposition, the pegisting topography toward and into which the river flow was

directed, and major tidal forces at the heathefGulf 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 tidaknge that reaches 8 to 10 m (Thompson, 1988)mpson (1968) was omé
the first researchers to report environmental changes in thdiddkzone 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 milliong mollusk shells and making the shoreline into residual
beach ridges. Subsequent studies by Kowaleslay. (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 explorersalsoemeint er ed t he Cucap8 tribe, or the i
descendents of the Yumapeaking Native Americans and have inhabited the delta for nearly 1,000
years. The Cucap8 used the delta floodimll ain exte
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 Cucapéas have been reduced in

number and have difficulty sustaining theirtradistoh | i vel i hood, which depend
(Ward, 2003).

In 1904, when the deltads channels were stild]l
inventories of its flora. Mc Dougal demwondsbed t he

(Populus fremontjiand willow Salix gooddingi, grading at the southern end into a tidally
influenced plain of salt grasBietichlis spicatd, and other halophytes with widely separated screw
bean Prosopis pubescepshoney mesquite treeB.(glandulosss and saltbushes (e.ditiplex
lentiformis).

By 1977, Felgerodés field trips reported the ab
substitution for saltolerant vegetation; a substitution that was due to the replacement of natural flood
flows by brackish irrigation return flows from 1904 to 1977 (Glehal.,1996). Additionally, some
nonnative species appeared and extended over the delta, like the shrub saltacedax (
ramosissimy noted already by Sykes in 1935 (Sykes, 1937).

Later on, Glenret 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 ircaddkbuw of water and
sediments, and thus, in a loss of natural wetland habitat, and the conversion of the uppaifiood

vegetation from gallery forest to lowgrowing halophytic plants.
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Some endangered species present in the delta are the defisit @@yprinodon macularis the
Yuma clapper railRallus longirostris yumanengjsand the southwest willow flycatchdtripidonax
traillii extimus). The estuarine and marine portions support two additional endangered species: the
totoaba Totoaba macdamdi), and the vaquita porpoisPliocoena sinys

In 2000, Kowalesket 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. his 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 floawenage population
density of 50/mbivalve mollusks thrived on the delta. In contrast, in 22000, the population
density of the same benthic mollusks was?3@4% lower). Researchers concluded that such a
dramati c decr ease iowvesthesseverelesk & Bentmcopmduttiaty resaltmg p r
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 (Glerat al.,1996) may have also played a negative role.
Nutrient levels and phytoplankton productivity on the delta have been reported as being high
(HernandezAyon et al.,1993), but both were presumably even higher duringdiof river input
(Kowaleskiet al.,2000). According to Kowaleslkat 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 oktllelta's ecosystems (Lueaieal.,1999); however,
Kowaleskiet 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 stepstowardsconsermg and restoring the remnant delt a
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 aaddaColo
River Delta, a United Nations designation to protect woldds ecosystems while encouraging to
continue sustainable economic activities in surrounding buffer areas (Leteake 999). According
to SEMARNAT (the Environment and Natural Resourcer&@riat, Mexico) the Colorado River
delta and Upper Gulf of California acquired a Bio

need of conservation and restorationo, and becaus
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national biodiversit, i ncl udi ng those that are consi dered

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). ThedBoBR@serve 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 (Luecked., 1999).

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

e

|l i sted as fiwetl ands of international i mportanceo

Perhaps the biggest contribution to the conservation and restooatihe 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 delivee a document that identifies the top fACon

Arroyo et al, 2005). The following paragraphs present some of the most prominent scientific research
findings and recommendations to conserve and restore the deltan&noyof the leading authors.

In 1996, Glenretal.i denti fi ed two main threats to the
water management decisions and flood control projects that do not treat such areas as assets to be
protected. These authors also offéia 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 riverbelbwlssi ns.
million people, INEGI, 2000is not as large as that of the Nile or the Indusi&0nillion people in
each basin). At the moment, conservation effarthose 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 Sates still have the opportunity to recover and maintain wetlands, but it will require active,
rather than passive efforSredrickson and Reid, 199@yobably by building on the status of the
delta as a Mexican biosphere reserve, and on the environmpsenteions of the North America Free
Trade Agreement (NAFTA)(Appleton, 1994).

Glennet al.(1996) also suggests two specific actions to stabilize the delta wetlands: restoration
of the lower Rio Hardy wetland through implementation of a new earthemidra freshwater
intertidal intersection on the Colorado River channel (Pay,1992), and a commitment by the
U.S. Department of the Interior to continue to provide Welltwhawk drain water for Ciénega de
Santa Clara (Glenn, 1992).
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The Biosphez# Reservebds office has also identified ot
remnant ecosystems, which include invasive species, agriculturaffraltegal hunting,
archeological artifacts looting, solid waste accumulation, underground watetiaiegbeck 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 ondha&tio 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, Lueckeetal.r eported the | atest scientific findinec
andmaé r ecommendations for managing the existing fI
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 en Gtflorado 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% ofthene an r i ver 0 s Lbietkeetval alsB argue for a bigdmiv)sion where
economical, social, and ecological values of the delta have to be recognized in future deliberations
over the allocation of water surpluses and wheigriegam flows mape 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, Ariagt d. (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 decreasmwnsimption. 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 2@lo 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 consistencyand reliability in the system; increasing public awareness and appreciation of the delta;
expanding research efforts to refine and document
communication among stake holders. Cohen also argued that perhaps thst gnalieage 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, ZamoraArroyo et al.(2005) concluded four main things: that sufficient scientific
inf ormation already exists about the deltads ecosy

conservation and restoration; that the principal
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water inputs; that largecale improvements in the esystem health will not be attained until the

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

the delt a; and that each of the deltads ecosyste

document d@sblished the following recommendations: implement immediate bilateral policies to

ensure no further harm to the deltabs ecosystems

conservation and restoration plan; implement binational collaboration eitheghhreaty
agreements, national policies or markased 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 suppaottéu 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 iman 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 perspectitheodecisiormaking puzzle of economic
development. For instance, Costaptal. (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 servicesaw 1.8 times higher than the 1997 global GNP. Global environmental services
were valued at US $33 trillion/yearersusthe value of the 1997 global GNP of US $18 trillion/year.

Two implications from this study were drawn: first, that this type of stuxtiakl 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 durlmgnedist
assessments.

Valuation of a normaiket 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
(Carsoret al, 2001). The contingent valuation method is a popular sthasgd methodologhat

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

pay surveys are common tools in contingent valuation methtde. Ti dea of measuring
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willingnessto-pay for an environmental service or gasdhe foundation of the contingent valuation
method (Whiteheadt al.,1997). Willingnesgo-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 begid for.

Willingnessto-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 willingngssaccept and israappropriate 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 wilingness
pay (Carsa, 2000). For this study, willingness-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 profitabilfgderal investments to
purchase water for the river itseB4njurjo and Carrillo, 200§bProving 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 willingnesgo-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 thextasf those actions and their
repercussion before they state their preference; the idea is that participants make an informed choice
and reflect their realistic willingnege-pay. For this study, | adopted a hypothetical water flow
restoratiorscenaricand then asked people to state what prices they preferred to pay for restoration.
The final part of a contingent valuation is to
choices made by consumers in a real market. A variety of econometta@sexist to determine what
is the maximum, minimum, and the average that people is withipgy for an environmental good or
service. Most models are based on linear regressions. However, to match my experience level and
accomplish the purposes ofglstudy, | decided to take a nparametric approach to assessing
peopl eds -teyay. llusedwilingnesso-pay at a descriptive | evel
attitudes and motivation towards restoration efforts in the Colorado River delta. | ashatrigiking
resource use and willingnesspay can provide a good platform to examine motivation to support
restoration in the delta.

Standard features of a willingnespay survey are: (1) an introductory section that gives
background information albbthe decision to be made; (2) a description of the good under valuation;
(3) an instrument to capture the participantos

she will pay; (5) the debriefing questions of why participants respondedywayethey 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 Mécali survey considered doubtichotomous 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

Willingnessto-pay surveys are common tools imtiagent valuation method€ontingent
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 valuatio 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 atioeinebrld, for the
term AwkHdplaiynog.neEsVsRlI i s a | arge online database
Environment Canada, the European Union, the Environmental Protection Agencies of the U.S, Mexico
and Chile, the World Bank, and the Ecoryoamd 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
Americancountries 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 aaligys water supply, biodiversity, and

forestry. The 2005 SLRC study on which | 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 atiegstrtain lines of
estimation: total value, passive use value, and natural resource damage (@Gisth/iZ207; Carson
et al.,2001; Carsoret al.,2003). The Biodiversity in Development Project (2001) defined total value
as the sum of use values (direse 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 thatnisehs passive,
(Carsoret 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 (Carsetral., 20003). During a later valuation of environmental damages,
Carsoret 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 bourniesifma
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 pulpliaces 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 ghmieonstant 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 200®érrillo and Sanjurjo, 2006aThe estimation is qualified as conservative
and it only expressetthe 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 estBaditeauthors 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 suppahis same point of view and strives to make contributions in

the same direction.

2.9 Socio-psychological models and willingness-to-pay

Sociecpsychol ogi cal model s are tools to dissect
opinions and public policy stmtgi es. These types of models | ook
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 elemeas

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

t

at

value orientations towards an object in peoplebs

2004). Relevant theories that are commardgd 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 tbé theory
planed behavior is appropriate in natural resource valuation, given that those types of resources
involve nonrmarket benefits. The theory of planed behavior uses willingiogsay as a behavioral

intention where participants state their support oosjiijpns to protect a resource at their own cost.

18

h



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 wilingness
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 |
mostly dealt with the attitudes towards payingdqguublic good although not exactly following any of

the above theories and mostly relaying on my own intuition.

2.10 Conceptual Framework of the Study

Figure2.1 outlines the disciplines and methods underpinning this study. Theadmny
disciplines of this study are restoration ecology and economics. Those disciplines converge into a
strategy to study the economic costs and benefit
willingnessto-pay (attitudes). The expected conttibn 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
onsurveying Mexicalids househol ds, armmnthostayigat her i
key locations of the study area. Other tools to collect complementary data were the 2005 SLRC
survey results, academic reports, and government recordstuithehad exploratory, descriptive, and

explanatory purposes.
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Figure2.1. The conceptual framework of this study.
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3 METHODOLOGY

3.1 Introduction

This thesis uses a case study redeatrategy and most of its findings were achieved through
nortparametric statistic analysis of dafeccording toYin (2003),a case study approach is used when
there is a need to understand complex social phenomena in a contemporary domain. Theydase stud
used in many situations to contribute towards knowledge of individual, group, organizational, social,
political, economic, and related phenomena (Yin, 2003). Accordi@ghben (2002)the Colorado
River delta provides a valuable case study for séveagons. 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 valualte transboundary restoration opportunity due to the proven resilience of this ecosystem.

The contingent valuation method is a surb@ged economic method that focuses on asking people
how much they are willing to pay for an environmental good or seflige.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 | used the core ideas and procedures of contingent valuation to investigate
what det er naittitndesto spppart@ Wwated 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 withie larger geographic and politic unit
of the municipality. As a municipality, Mexicali is one of five municipalities in the state of Baja
California, and i (Figires.l).aMhentalkibghbeut thetmanicpdity, Ivdlla pi t al

refer to it as Athe municipality of Mexicali, o

(7]

=1}

Me x i Eirally,when talking about the rural area and crop production land, | will refer to it as the
Me xi c al (Figudhl).| ey 0

The city of Mexicali is bordered by California to the north, the Colorado River and&tmo
the east, the Mexicali Valley to the south, and the municipality of Tecate to théFigese3.1).

=1}

Mexicali is a border city located withsd km of the Colorado River, at an elevation e1@ m, and

with amunicipal territory of 13,700 ki This citylies within the Sonoran Desert biome characterized
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by a dry tropical climate (BW of the K&ppen classification), an average precipitation of 5mm/year, and

average evaporation of 170 mm/year. The temperaturgs feom 12C to 49C (Perez, 1981).

E3TADOS UNDOOS
Of AvEmca

i

GOLFO DE CALIFORNA
(wan o€ CONTEY)

OCLAND PACHICO

BALA CALTORNA SR

*
— L2

Figure3.1. The state of Baja California with its fiveunicipalities: 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, Z6). 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 wascias i ed as rmicegmantme grraeadise f tf
people with less than 5 years of residency in the state), while in 2005 that proportion shrank to 8.2%
(INEGI, 2006).

For many centurieshe Colorado River nurtured a vast extension of karavn now askhe
Colorado River dlta. Thanks to the depositionlaf/ers of sediment that reach u@t& km in

thicknesstheMexicali Valleyemerged as prime farmingndextending tanore than 2,000 kfr{207,
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000 Ha) of irrigated laah (Sykes, 1937; Cohen and Hengegk, 2001)The Mexicali Valleyis the
agricultural heart of the state of Baja Califoraiadit is still responsible for some of the dgst crop
productions irMexico (Sanchet.opez, 2000)Historically, this valley focusedts productionon
cotton anchecame the leadintationalcottonexporter in the 19508nd 1960sGobierno del Estado
de Baja California, 20Q7Since the 1960she valleyhasdiversifiedits production and nowxpors
wheat, asparagus, broccoli, green onjamsl radisks. Overall, op production for internal and
external markets includes about 40 commercial varieties between cereals, oilseeds, fodder, vegetables,
flowers, and fruit treeSanched.opez, 2000)l n gener al, the valleyods prod
productive cyclesspringsummer, and falvinter. 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 expencing 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). Mexicalids economy is now reoriented towa
tourism. Industrial activities for instance, are now dominated by assembly and manufacturing plants
(Amagquil adoraso) that focus their production on
Desarrollo Economico, Gobierno del Estado de Bajd@ala, 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
unemploymaet r at es. I n 2006, Baja Californiads unempl
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 Rive

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 r esi dradortwsthinghe Mexigali Valleg) ar@o | or a d
assessed their willingnesslease land and water rights under hypothetical conservation and
restoration scenarios. Carrléuer r er o6s wor k unveiled | ocal i nter
towards restoration effts, 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 knowledgeadheutural
communities or large urban centers associated with the delta will contribute towards a more integrated
and inclusive restoration and conservation pl an.
River delta, Mexicaliisanimpomat si te to study peopleds attitude

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 (SIBRE) cities are associated
with the Colorado River but while SLRC has been characterized as a true river city, Mexicali is at
|l east 64 km away from the riverds influence. This
i nfl uence pmeota dwarérness and attitudes towards hypothetical water flow restoration
efforts. SLRC is also a border cityigure1.1).I n 2005, I NE i nvest-iopayt ed peop
in SLRCand found that people is Ming-to-pay a maximum of 52 pesos/person/visit to a restored a
Colorado River Delta are®uring my study, | took the results of the SLRC study and made-a non
parametric comparison of t weo-payhandtiges motMatwmwel s of pe
support restoration efforts.

3.2.1 SLRC survey

This study used a previous willingnesspay 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
significancelevebf 90%. The rate of fAno responseo was not
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 randomisgrapproach. 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 delied 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 surveywas implemented during October of 2006 targieed the headsfdnouseholds in

Mexicali. A total of 564household were surveyed in three weeks. The unit of analysis, the household
head wasconsidered as any adult (18 years or oldgpjesenhg a family,specifically thosenakng
budgetdecisionsor administeing theresource®f a homesuch asa mother or a fathe©n average,

eachsurvey took 185 minutes and was given in Spanish. To execute the survey, the researcher hired
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the sevices of a marketesearch agenayamed FOCUS, a company with ample experience and
headquarters iMexicali. FOCUS provided fivinterviewers, one field supervisor, AGEB maps, and
transportationThe researcher participated as a trainer, coordinator, and intervidvgmveys were
done faceo-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 Typel to
4, Appendix A). Each participant was asked to staterieopreference of price twice (double
bounded dichotomous questions). With a binary survey design | investigated preferences at three
levels: a baseline price or Offerl 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 (Offerl), then, according to their Yes/No answer a second choice (Offer2 or
Offer3). Offer2 comprised higher prices and was given only teethdho already agreed to pay
Offerl. Offer3, on the other hand, comprised lower prices and was given only to those who refused to
pay Offerl1.1In other words, Offer2 tested partici

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

3.3.1.1 Sample Size

The samplesizewas obtained primarily by reconstructing standard deviation and tineean
for themonthly income per household in Mexicdlio reconstruct that data | ukihe state of Baja
Californiabds c¢ e n using CQNTARROO0P, rdmaNEGIo Rrecautiods war®etaken
to minimize the sampling error of the statistical estimatoescordance tour time and budget
constrainsnder thoseonsiderations, theampling size walinally established at=561households,
with a margin oferror(€) of 6.5% and a confidence level of 95(4. The final sample was rounded to
n=564 households.

The sample was representative of the population because it was basediiatianas of central
income estimators (average and variance) of the population under study, which was later corroborated
with state reports. The |l ast available state rep
per person/year (Secretarialdesarrollo 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 standar@he Statistical Consulting Service of the Statistiod 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 Mexi¢agure3.2), | usel a combination of
random and systematic sampling design. First of all, | used random sampling at ar(B&5iEB
Geostatistic Areaevel and then systematic sampling of households within each AGEB. An
immediate sampling need was to build the geogrdpnits of the samplingrea. For that | adopted
the AGEB as an intermediary area unit for this suregyare that drawing a random sample from a
city with 133,345 households would have been unviable with my resolGE&B units are widely
recognized and udeor demographic and economic research by INEGMexico, me AGEBgroups
city blocks insets of 50, approximatelyhefinal area will always vary from one AGEB to the other
(Figure3.3). Based on the total number of AGEBs mdpd in the city of Mexical(208),| discarded
anyremote AGEB ¢ightsatellite urban areas), and those AGEBSs that reported under100 households
(three) duringhe 2000 population censUSEINCE por Colonias de Baja California, XIl Censo
General de Poblamin yVivienda 2000JNEGI).

Once the survey area was delimited, a total of 47 AGEBS and 18 replacements were drawn
using the random number function of EPRigared3. An
| used similar mapfor 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 twoarketing research agencibsat usually implemert0 to 30
survey$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 possgbtiue 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 | substituted them with a similar AGEB of a loweg.ihbaireve
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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Figure3.2. The cty of Mexicali including its 208 AGEBs (Gobierno del Estado de Baja California, 2007).
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