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Foreword

THE ALL-AMERICAN CANAL:
AN ISSUE OF CONTEXTS

Water and environment recognize no political boundaries. That’s a
maxim of environmentalism that preaches to erase borders so to
properly manage natural resources. In the changing landscape of
US-Mexico relations, water disagreements have consistently made
life difficult for diplomats in Washington and Mexico City; the cur-
rent debate over the proposed lining of the All-American Canal
(AAC) represents the latest and one of the most complex controver-
sies. Borders are foreign to natural systems; they demarcate views
and management regimes, and impede the free flow of information
from one side of the line to the other. By most measures, the
Colorado River Delta Region is one of the most studied environ-
ments in the US-Mexico Border region. Yet, thorough knowledge of
the system by both countries has not translated into a more relaxed,
less apprehensive mode of diplomacy. (See page 24 for map.)

The Lining of the All-American Canal constitutes a comprehensive
review of one more natural resource management issue on an inter-
national border. It is, however, by no means, a typical bilateral envi-
ronmental issue on a typical international boundary. The
US-Mexico Border is perhaps the only area in the world where a
highly industrialized nation co-exists with a developing nation,
jointly addressing the effects of their associated differences in
income, culture, language, and religion. Moreover, the All-American
Canal (AAC) issue is an atypical disagreement within an otherwise
agreeable relationship between the two countries, one which has
become increasingly cooperative in areas such as management of air
quality, hazardous waste, and chemical emergency response and pre-
paredness.
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Since the book’s first publishing in Spanish (August 2004), nego-
tiations between both governments have intensified, confirming that
the collision of water and borders is neither new nor unfounded.
Several authors in this book describe the tension over the AAC
brewing since the late-1970s/early-1980s when the U.S. Department
of the Interior decided that the State of California needed to cut its
use of Colorado River water down to its legal apportionment of 4.4
million acre-feet per year (MAF/yr). The thirsty and thriving West
and the historically over-apportioned Colorado River left the State
of California and the U.S. Federal Government with apparently no
alternative but to recapture the waters seeping under the All-
American Canal. On October 18, 1983, the U.S. Government for-
mally notified Mexico that those waters seeping underground and
across the border were surface waters from the Colorado River
apportioned to the U.S. under the 1944 U.S.-Mexico International
Water Treaty.

But the debate over the All-American Canal seems not only to
linger but deepen. A multitude of complex circumstances exacerbate
the longstanding impasse in this negotiation between the two coun-
tries. At the top of the list is the growing recognition of just how
politically intertwined water and environment issues have become.
Additional complexity is added as new agencies from both govern-
ments have been brought to the table, raising the question whether
age-old institutions and processes that were once considered dogma
are still adequate. No longer can the purview of an institution like
the International Boundary and Water Commission (IBWC) be con-
sidered all-encompassing when dealing with U.S.-Mexican water
issues, nor can the 1944 U.S.-Mexico International Water Treaty be
relied upon to resolve matters arising from increasing development
and the shortage of water in the region.

In addition, as time passes, the list of stakeholders willing to take
action appears to be growing. Along with both federal governments
and their growing list of involved agencies, the State of California
and Baja California have begun dialogues with each other as well as
with their respective national governments. Civil groups North and
South of the border have begun to collaborate on the issue, and
environmental non-government groups continue to voice their con-
cern over the effects of the piecemeal management that has taken

Vi



Foreword

hold of the Colorado River Delta region. Potential socio-economic
impacts on both sides of the border have prompted still more groups
to seek out-of-the-box alternatives for solving the conflict.

The water-environment conundrum

Water is a part of nature. But not all water issues are dealt with as
part of the international environmental agenda. Historically, water
issues between Mexico and the United States have been resolved
under the jurisdiction of the International Boundary and Water
Commission. But the agency needed a shift in culture to adapt to
the changing times. Minute 306 of the IBWC recognized a growing
sense that environmental issues could not be avoided when manag-
ing the Colorado River and was signed on December 12, 2000.
Minute 306 reflected the emergent collaboration between environ-
mental agencies across the border as well as scientific, academic and
non-governmental organizations interested in preserving the “ecol-
ogy affected by decreases in Colorado River flows in this reach and
potential impacts to the habitat of fish, marine and wildlife species
of concern to each country.” Concurrently, Bi-National Technical
Work Group IV was formed and charged with carrying out the
intentions stated in Minute 306.

But the inertia of bureaucracies is hard to break. Water and envi-
ronment quickly became two separate issues again for the IBWC as
political pressures over the lining of the AAC heightened. This, in
spite of studies describing how ending seepage from the All-
American Canal would result in loss of wetland habitat in the
Andrade Mesa that would impact the endangered Yuma Clapper Rail
(Rallus longirostis yumanensis ) along with about one hundred
migratory species in the Pacific Flyway (Hinojosa-Huerta et al,
2002). The U.S.-Mexico bureaucratic milieu formed a fifth work
group to discuss the AAC, rather than assigning the discussions to
the already environmentally chartered Group IV. The U.S. Bureau of
Reclamation (USBOR), the lead water agency for the U.S. within
the group, drafted a Scope of Work (SOW) which called for two
subgroups, one to discuss hydraulic issues pertaining to the lining of
the AAC and another to discuss groundwater issues. Through the
IBWC, Mexico requested that the impact on the Andrade Mesa wet-
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lands be part of the SOW for Group V, but progress stalled as the
U.S.-Section refused to include environmental issues as part of the
AAC discussions. Water issues continued to be negotiated within a
narrow political perspective, as if the environmental consequences
could be placed on hold or wished away.

Since then, discussions on the AAC have again spilled over into
the environmental arena. On September 1st 2004, Mexico’s
Secretary of the Environment and Natural Resources addressed a let-
ter to the U.S. Interior Secretary, marking the first time that envi-
ronmental agencies outside the Foreign Office (Department of State
and Secretaria de Relaciones Exteriores) had raised an issue con-
cerning waters along the boundary with its international counter-
part. The letter has forced bureaucracies to acknowledge the
interconnectedness of nature, leaving agency jurisdiction as the hin-

drance next in line.
Nature parceled as agency purviews

In both countries, water agencies only address water issues without
concern for environmental impact, and agencies that address the
environment may only tend to environmental matters, leaving water
issues to the water agencies. Wetlands and wildlife in the U.S. are
the responsibility of the U.S. Fish and Wildlife Service (USFWS),
which enjoys a vigorous working relationship with Mexico’s
National Institute of Ecology (INE). But the USFWS will not dis-
cuss mitigation and cooperation in the Andrade Mesa Wetlands with
INE given the area’s association with the All-American Canal. In
order for USFWS to address possible restoration in the Andrade
wetlands or any part of the Colorado River Delta, conversations
must be concurrent with the U.S. Bureau of Reclamation, given
BOR’s lead on water management issues. But the USBOR has to
date only held discussions on Colorado River water infrastructure
with the Mexican National Water Commission (CNA) and has
rejected meeting with administrative and policy level representatives
from SEMARNAT proposed as members for Work Group V.
Ultimately, all U.S. agencies placed AAC discussions on hiatus, as
legal action against the U.S. Government was filed in July 2005 by
civil groups in Mexicali and Imperial Valley over the procedures fol-
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lowed in the environmental impact studies. The Department of
Justice (DOJ) is in charge of responding to legal suits against the
government, and subsequently became the lead agency on all AAC
talks.

SEMARNAT has altogether addressed three letters to its counter-
part DOI Secretary Gale Norton to propose a bilateral task force to
discuss the lining of the AAC and its environmental impacts. The
thinking behind this Mexican initiative was that raising the discus-
sion to cabinet level members would enable a comprehensive view of
the problem and spark a coordinated effort from both bureaucracies
involving technical experts as well as policy level personnel, all for
the benefit of the border environment. The DOI, however,
responded that the issue should be taken up with the IBWC, given
that this agency had the lead in consulting Mexico on bilateral water
issues. Bureaucratic purview prevailed, and all negotiations stalled.

For all of SEMARNATs efforts to engage its counterpart DOI in
bilateral discussions on the AAC, at the end of the day, Mexico’s
Foreign Affairs Secretariat (SRE) is the agency in charge of bilateral
relations for Mexico. The same holds true in the U.S., where the
Department Of State takes the lead. The formal role of environ-
mental agencies in a diplomatic context is to advise the Foreign
Office on environmental matters. SEMARNAT, DOI, and EPA, for
that matter, are the technical/scientific agencies that provide sub-
stance on international issues, not policy.

This is a fact of diplomatic life and a context shaping the negoti-
ations on the AAC that cannot be overstated. The U.S. and Mexico
are simply too interdependent in commercial, political, and social
terms to allow loose ends to get in the way of their bilateral agenda.
At the center of the complex relations between the U.S. and Mexico
lies immigration, border security, and trade, not the All-American
Canal. In that sense, it is to be expected that the intensity of talks
reflect the mood and disposition of the relations stemming from
other topics in the bilateral agenda. One example of this might be
the case of Mexico’s water debt in the Texas-Chihuahua border,
finally covered in 2005, thus awarding Mexico with enough moral
capital to once more state its objections over the AAC and raise the
issue repeatedly before numerous officials in the U.S. Government.
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In the course of the last year, conversations on the AAC between
officials from both countries have multiplied considerably. The list
is long and includes the Commissioners at the IBWC, SEMARNAT
and DOI officials, SEMARNAT and EPA officials to consult agency
purview, the Mexican Ambassador in Washington with numerous
officials at the DOS, and Mexican Secretary of Foreign Affairs, Luis
Ernesto Derbez, with U.S. Secretary of State, Condoleezza Rice.
Even Presidents Bush and Fox engaged in a conversation on the All-
American Canal at Crawford Ranch in March 2005, a dialogue
which sparked a series of meetings in a multi-agency setting in
Washington that provided hope but as of yet, no progress.

This diplomatic context, however, does not preclude existing con-
tacts and ongoing cooperation between environmental agencies that
result from history and thematic proximity. In that sense, the envi-
ronmental agencies play a dual role carefully balancing their duties
within their own government with the relations they hold with their
international counterparts.

This is explicitly the case of the Agreement between U.S.-Mexico
on Cooperation for the Protection and Improvement of the Environment
in the Border Area, a.k.a. The La Paz Agreement, signed in 1983 “to
establish the basis for cooperation between the Parties for protec-
tion, improvement and conservation of the environment” in the bor-
der area (Article 1), framing the parties’ commitment to assess,
within their legal framework, “projects that have significant impacts
on the environment of the border area [so] that appropriate meas-
ures be considered to avoid or mitigate adverse environmental
effects” (Article 7).

The Environmental Protection Agency (EPA) was entrusted with
the task of administering the agreement on behalf of the U.S. and
the Secretaria de Desarrollo Urbano y Ecologia, a predecessor to
SEMARNAT, for Mexico. This designation formalized a direct cross-
border relationship between the agencies, which enabled a string of
border environment cooperation programs, Border 2012 being the
latest. EPA and SEMARNAT have also become main players in
evolving NAFTA environment institutions, namely the Border
Environment Cooperation Commission (BECC) and the North
American Development Bank (NADBANK).
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But, The La Paz Agreement, signed by Presidents Reagan and De
la Madrid, was never submitted to Congress for ratification. So,
implementing the agreement itself to its full extent, let alone
enforcing a specific article in it for the purpose of resolving a bilat-
eral conflict, remains a complicated undertaking within the national
bureaucracies. Even though EPA and SEMARNAT are in charge of
its compliance, agency turf is a sensitive issue in government circles,
and agency officials transgress this rule at the risk of waging politi-
cal battles within their administrations. Be it historical priorities or
a reality born of practice, the La Paz Agreement has contributed lit-
tle to improving conditions for greater cooperation in cross-border

negotiations.
The AAC: not just a federal issue

The most significant action of late by a non-federal stakeholder to
the AAC is the lawsuit filed by three civil society groups: the
Council on Economic Development of Mexicali (CDEM), the
Citizens United for Resources and the Environment (CURE), a
group based in the Imperial Valley and Desert Citizens Against
Pollution. A petition and notice letter was first filed in mid-May
and a lawsuit in July 2005 questioning DOI’s compliance of
National Environmental Policy Act (NEPA) procedures regarding
the Environmental Impact Statement/ Environmental Impact
Review on the AAC lining project. It essentially brought discussions
between U.S. and Mexican federal agencies to a halt, as the U.S.
Government decided that only DOJ lawyers could speak on the sub-
ject. Other U.S. non-governmental organizations, the Sonoran
Institute, Defenders of Wildlife and Environmental Defense among
others, have addressed several written communications to Secretaries
Rice and Norton and other top officials in the federal Government
to bring their attention to studies showing significant impacts to
critical wetland habitat in the U.S. and Mexico. The main concerns
outlined by these groups include not only the environmental impact
of the canal lining, per se, but also complications to settlement obli-
gations to the San Luis Rey tribe, causing a possible disruption of
Colorado River-related operations. Several tribes from the Colorado
River Indian Tribes and the Ten Tribes Partnership, notably the
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Cocopah and he Quechan Indians, have joined the chorus of non-
federal players, voicing concerns over several aspects of the
Colorado River Water Delivery Agreement, ranging from omissions
by the BOR’s Environmental Impact process to the relegation of the
seniority of their water rights.

Breaking the impasse

If there’s ever been a natural resource management issue where
government and diplomatic institutions along the U.S.-Mexico
Border must rise to a place of leadership it’s the AAC. The liveli-
hood of economic players and of indigenous groups that have strad-
dled the border since time immemorial is at stake, not to mention
the future of an ecosystem with unique characteristics. Given the
great effort invested on cooperation by both federal governments,
the state governments along the border, the academic community,
the NGO community, and society in general, the matter at hand
now is how Mexico and the United States will employ their cooper-
ative outlook on border environment issues to solve this spiny topic.

A major adjustment to the current terms of exchange between
both countries is needed in order to break the impasse on the AAC.
Bureaucracies must conform their approach to the goals staked; the
ends should justify the means, and not the opposite. Nature requires
a joint not a parceled perspective. Therefore, a system of discussion
must take hold erasing the artificial boundaries of agency purview,
so that proper management of a system as complex as nature can be
successful.

Two notable tools of U.S.-Mexican diplomacy hold promise. First
and foremost is the La Paz Agreement, which has been grossly
underutilized. This twenty-plus-year old document once enshrined a
basic set of rules by which both countries could envision a cordial
and respectful co-existence along their common border and a sus-
tainable future for their communities. The essentials of the La Paz
Agreement boil down to two factors: communication and bilateral-
ism. Communication requires the free exchange of information and
a congruent dialogue that leads to solutions of problems.
Bilateralism implies the conviction that the border area is a shared
responsibility and that solutions to problems of mutual concern
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must be determined jointly. Reciprocity is a prime tenet of the
accord, and a value to which both countries committed to in the
agreement.

The Transboundary Environmental Impact Assessment (TEIA)
was mechanism specifically devised by the environmental agencies of
Canada, the United States and Mexico to streamline solutions to
cross-border environmental problems. The TEIA has hit a dead end
for now, as differences in the legal frameworks of Mexico and the
U.S. have prevented its implementation. Both mechanisms, the La
Paz Agreement and the TEIA will cease to exist as tools for diplo-
macy unless both countries exhibit a renewed determination and a

political will to revive them.
Can’t fool Mother Nature

The Colorado River Delta region and the human infrastructure cre-
ated for its use may be the poster child of hybrid natural-manipu-
lated systems. For over a century, the Colorado River system has
witnessed a continual action-reaction mechanism, and the results to
the natural ecology have been significant. Manipulation of the
Colorado is responsible today for the creation of systems perceived
as natural, like the Salton Sea, and for the demise of others, most
notably a rich and highly productive estuary in the Gulf of Santa
Clara. Many species, such as the totoaba (Cynoscion macdonaldi),
have been driven to virtual extinction, and others, currently listed
under the Endangered Species Act, are further impacted by the
river’s management.

It’s a repeated truism that nothing goes unnoticed within a sys-
tem: when one element is altered, another must adjust. John Muir
once said that “When we try to pick out anything by itself, we find
it hitched to everything else in the Universe.” Hence, the lining of
the All-American Canal will undoubtedly fail in fooling Mother
Nature. If the lining of the Canal does occur, impacts will accrue to
the already altered Colorado River Delta Region.

Though all stakeholders involved appear to realize this inexorable
truth, two questions are left for future debate. First, how does this
fact of nature play itself out in the diplomatic and political realm,
given the multiplicity of stakeholders and stakeholder interests
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involved in the Delta? And second, assuming that further aggres-
sions are tolled on the natural system, how long will the system

stand without collapse?

Carlos A. de la Parra Renteria
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This volume on the All-American Canal is a most welcome addition
to the literature on transboundary water resources, U.S.-Mexican
relations, and the role of laws, institutions, and diplomacy in con-
temporary international affairs.

Appearances aside, this volume is about much more than one
instance of binational conflict. The All-American Canal story speaks
directly to the often-troubled history of relations concerning shared
water resources and the present strain on U.S.-Mexican relations.
While the accounts of events, failures in negotiation, and present
inertia pertaining to the problem are frustrating and even discourag-
ing, this book highlights some reasons for hope and even optimism.

Embedded in the very name “All-American Canal” is a clue to the
basic issue at stake. Unilateralism is at odds with geographical and
hydrological reality in the river basins and aquifers that straddle
international boundaries. To behave as if water were ice cubes that
can be separated and dumped into different glasses held individually
by the parties involved leads to problems all around. In dozens of
locations on the very long U.S.-Mexican border, how one nation
handles water on its side of the border very much affects the welfare
of the other. Saline discharges from irrigation in Arizona degrades
the quality of Colorado River water flowing into Mexico and even
precipitated an international crisis in the early 1970s. Present day
pumping by the Chihuahuan municipio of Ciudad Judrez from an
aquifer shared with the Texas city of El Paso threatens the economies
of the binational region.

From the very beginning the All-American Canal was an inappro-
priate answer to a misconceived problem. Action was precipitated by
a breach in the engineering works related to the irrigation diversions
and canals partly in Mexican territory, but largely serving U.S.
investors. For nearly two years the Colorado River poured into low
lying areas, flooding farms and cities including Mexicali, Baja
California, and filling what is now known as the Salton Sea in
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California. Poorly constructed works and inadequate and short-
sighted private investment were mainly to blame. But, in authoriz-
ing and funding the project, federal agency officials and members of
the U.S. Congress argued that it served national security. Rather
than framing the issue appropriately as a joint management prob-
lem, the fault was placed on the location of the Alamos canal run-
ning through Mexico but serving irrigators in both the Mexicali and
Imperial Valleys, in Baja California and California, respectively.
Sovereign national power was portrayed as essential to security in an
area where limited national territorial sovereignty would have been
more appropriate. Unilateralism and “going it alone” in relation to
the All-American Canal set an unfortunate precedent, which has
been a strategy followed by the United States far too frequently with
its friends and allies.

Progress toward binational, joint water management has occurred
in fits and starts and is far from sufficient. The International
Boundary and Water Commission-Comisién Internacional de Limites
y Aguas (IBWC-CILA) has more than 60 years of experience in man-
aging border water and is sometimes celebrated as a model interna-
tional institution. However, in practice, the institution operates to
protect sovereignty when separate national interests are in conflict
with open collaboration. Each section is organized separately with its
own engineers and sources of data that are not always shared or avail-
able to the public. The La Paz Agreement, signed in 1983, requires
the United States and Mexico to cooperate in resolving environmen-
tal problems of mutual concern and led to the establishment of a
number of task forces and working groups with membership from fed-
eral, state, and local authorities from both nations. The La Paz
Agreement has been more a symbol and a framework than a blueprint
for action. The Border Environmental Cooperation Commission
(BECC), established as part of the North American Free Trade
Agreement (NAFTA), is laudably inclusive in terms of membership
embracing the environmental agencies in both countries as well as
state and public members. However, its portfolio is limited to certify-
ing planning and construction of infrastructure projects. The behav-
ior of the United States in failing to consult with Mexican authorities
prior to the decision to alter the All-American Canal is not helpful in
advancing holistic, integrated transboundary water management.
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One of the contributions promised in the publication of this
book is to raise the visibility of this terribly important problem and
to inform the discourse. While the plan to line the All-American
Canal in 2006 gives this story immediacy, it is anything but new. It
has been part of regional and state agency planning for nearly 25
years. Both in conference speeches and in his writing, the late Albert
E. Utton raised a red flag about the topic among members of the
water resources legal and academic communities. However, in the
halls of power in Washington D.C., this issue has, until very reently,
generally been ignored. Lack of attention can be partly explained by
crises such as illegal drug trafficking and undocumented immigra-
tion, which tend to eclipse all else. More is involved however, and it
is generally the case that Mexico takes its relationship with the
United States much more seriously than the United States takes
Mexico. Matters of great importance to Mexico in the bilateral rela-
tionship seldom make the U.S. national agenda unless Mexico some-
how gains some leverage through appeals to the international
community or holds out, until its issues are addressed, on some
arrangement the United States badly wants. It must be remembered
that the United States avoided water allocation treaties related to
either the Colorado River or the Rio Grande until the Roosevelt
Administration made such a treaty part of the concession to Mexico
for joining allied forces in World War II. It is not naive to believe
that really good books such as this one have some power to create an
attentive audience.

The story of the All-American Canal presented here highlights
the failure of existing bilateral institutions to resolve water prob-
lems between the United States and Mexico. While IBWC-CILA has
very broad authority, it has not used its authority to provide joint
consideration of groundwater apportionment. Ultimately the two
nations must agree on a groundwater treaty, but each year the num-
bers of groundwater users increase, the levels of shared aquifers
decline, and local interests using groundwater become more recalci-
trant, making the negotiation of fair and equitable apportionment
more difficult. While a disappointment to some, the new interna-
tional environmental institutions created by NAFTA present new
forums and provide some new bargaining resources, including new
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infrastructure and funding to mitigate and compensate Mexico for
harm that may be suffered from lining the new All-American Canal.
Even so, the responsiveness of these institutions is very limited.

The real issue raised here is whether the enormous population
growth experienced on both sides of the border is sustainable in the
face of the physical limitations of the regions’ rivers and aquifers.
The All-American Canal is as much about the issue of growth as it
is about international allocation of water. Urban users, particularly
the City of San Diego, California, will win a greater share of the
Colorado River at the expense of agricultural interests in the
Imperial Valley. To many this reflects a movement of water to higher
and more efficient uses through markets. It must be remembered,
however, that unlike alfalfa and cotton fields that can be fallowed in
times of drought, municipal and industrial users cannot simply turn
off the faucets. It may well be that the collision between the imper-
ative of drier climate predicted for the border region and the actu-
ality of unabated population growth (which is facilitated by the new
All-American Canal) will be greater than any previous challenge.

Finally, this volume is laudable for demonstrating the great strides
made in scholarship on the shared natural resources among the
United States and Mexico. The norm of the past has been a thin lit-
erature coming from mainly U.S. scholars in border-state universities
with only a trickle of academic writing from Mexicans presenting a
Mexican perspective. Over the past several decades, academic and
research institutions located near the Mexican border have improved
dramatically in quality, and there is an outpouring of books and arti-
cles on a whole range of common resource issues. While there is great
asymmetry in the national power relationship between the two
nations, there is something approaching parity in relevant policy
scholarship. This book will inform relevant policymakers and citizens
in Mexico and the United States, and to the extent that knowledge is
power, it will forge a powerful negotiation force for both.

Helen Ingram

Warmington Endowed Chair, Social Ecology, University of
California, Irvine

Distinguished Research Fellow, Southwest Center, University of

Arizona

XViii



Introduction

The evolution, growth, and transformation of human societies could
not be explained but for access to water. As such, the control of
water as a resource and the economic development achieved
throughout the 20th century are inseparable and interrelated ele-
ments.

Control of water resources has become a source of discord and has
increased the possibility of conflicts between nations. Peter Gleick
recounted the conflicts between 1503 and 2000 that centered on
water and found they have occurred with greater frequency since the
1940s. In his study, it was clear that the U.S.-Mexican border region
has seen the least amount of conflict over water throughout history.!
But now there is an increased risk of conflict over water access due
to greater demand in the face of scarcity, which is a consequence of
global climate change as well as the overexploitation of traditional
supply sources.

In the U.S.-Mexican border region, where supply is low and
demand high, the risk of a conflict over water is great. Yet, there
have been no significant conflicts in the past over its distribution.
This makes the region an excellent case study for evaluating the
strategies the two countries have used to settle their disputes over
access and control of water—that is, a case study on the political
will to reach rational and peaceful agreements on the distribution of
a scarce resource.

Although scholars have found inefficiencies in the law that regu-
lates the distribution of water, the law itself is not a rigid, static, or
unchanging one. Rather, its design allows for subsequent agree-
ments, called Minutes, to be incorporated into the law to resolve
specific issues. This makes it possible to adapt to the changes in
management of water on either side of the border. As well, new
agreements have been forged between the United States and Mexico
that broaden understanding and cooperation in the care and man-
agement of the resources located on the shared border. In 1983, the
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United States and Mexico signed the Agreement on Cooperation for
the Protection and Improvement of the Environment in the Border
Area. Referred to as the La Paz Agreement, it calls for binational
cooperation to reduce pollution and restore the environment
throughout the border region, defined as the area situated 100 kilo-
meters on either side of the U.S.-Mexican boundary. As part of the
North American Free Trade Agreement between the United States,
Mexico, and Canada, the North American Agreement on
Environmental Cooperation was signed in response to public calls in
the United States and Canada for environmental protection. New
institutions were created and charged with enforcing the agreement
and administering the programs supporting environmental projects.

There are, though, important challenges for water use and man-
agement in the region. Growing demand for the resource and its
limited availability are the factors determining new water policy.
Until recently, the only concern of water-management agencies had
been to obtain greater volumes of water to satisfy the projections of
future demand. Although, generally speaking, this pattern contin-
ues, different potential policies are now being discussed, such as sav-
ings, conservation, treatment, and reuse, which taken together
represent an important qualitative change and create hope that
water culture will evolve in terms of water-use practices and institu-
tional management models.

Concerns abound on both sides of the border about environmen-
tal risks from exploitation of water sources as well as the need to
restore the ecosystems in the watersheds from which water resources
are obtained. These ecosystems are have been or currently are being
negatively impacted by the lack of minimum, good quality water
flow. They are the natural environment upon which a vast array of
species depends.

The U.S.-Mexican border faces a bleak future in terms of the dis-
tribution of water from shared watersheds. No additional water is
available, and what one side somehow obtains will be at the expense
of the other or of the environment itself, which could translate into
a severe or even irreversible conflict or environmental catastrophe.
Nevertheless, there is the historical precedent of the United States
and Mexico working together to resolve their controversies and con-
flicts. The institutional framework they have created to deal with
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potential conflicts focuses on cooperation.? Logic dictates that this
attitude will continue, given the growing integration of the eco-
nomic interests of both countries and the dynamic that the border
region itself represents.

This context is the framework within which this volume analyzes
the conflict over the lining of the All-American Canal. This canal
runs parallel to the international border and delivers Colorado River
water from the Imperial Dam to the agricultural areas of the
Imperial Valley in California. Because it is not lined with concrete
and instead is dug from porous sand, for decades it has fed the
Mexicali aquifer with the water that seeps from it, and in turn has
provided Mexicali Valley growers with water to irrigate their lands.

In 1988, the U.S. government approved the canal-lining project
over the manifest opposition of the Mexican government, which
balked because of the negative impact it would have on the Mexicali
Valley growers. Although the project has been postponed several
times for various reasons by the United States, in recent years
resources have been approved for both the lining and the conveyance
of the recovered water to the urban region of San Diego,
California.3 California’s governor at the end of September 2003
granted an extension for the project from 2006 to 2008. But, once
the All-American and Coachella Canals are lined, the water will be
sent to San Diego for the next 110 years, per an agreement reached
between the water authorities of Los Angeles and San Diego.

In 2005, at a trilateral meeting on security between the govern-
ments of the partner countries to the North American Free Trade
Agreement, the Mexican government raised the issue of lining the
AAC, but only after the government of Texas raised the issue of the
historic water debt from the Rio Grande watershed. Since that meet-
ing, both governments have been negotiating a solution to their dif-
ferences over the AAC lining project.

The objective of this volume is to provide a broad vision of the
context within which the decision to line the canal was made and
the implications the lining has on the Mexicali Valley and the state
of Baja California, both of which are experiencing accelerated
growth in water demand and whose only stable supply is Colorado
River water. Possibilities for a solution to the controversy and con-
flict surrounding the lining of the AAC are presented and explored.
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They offer a different direction than proposals floated by the gov-
ernments and take advantage of the existing institutional framework
of cooperation. They incorporate new visions and models for water
resource management in a crossborder context. In this sense, this
volume is a compilation of works from different disciplinary per-
spectives that provide and analyze the region’s biophysical and eco-
logical information, quantify and address the quality of the water,
and outline the probable impacts on the Mexicali Valley and, to a
lesser degree, Baja California.

This volume is a collective project resulting from the academic
collaboration of experts concerned about one of the issues that will
surely play an ever more important role in the binational agenda—
water management. The multidisciplinary approach to the issue is
one of the enduring benefits of this work and will result in a more
integrated vision of the problem and the binational management of
the resource.

The lining of the AAC is a microcosm of other problems with
shared natural resource management along the border between the
United States and Mexico. Here, the optimum advantage and con-
servation of resources demand, above all, imagination. They will
engender cooperation and the participation of the neighboring com-
munities in an effort to overcome the asymmetries and points of
view anchored in unilateralism, as is the status quo.

Some of these works have their roots in projects sponsored and
completed by investigators at El Colegio de la Frontera Norte
(COLEF) and the Centro de Investigacién Cientifica y Estudios
Superiores de Ensenada (CICESE). Others are the result of work
carried out in other institutions of the region, such as Universidad
Auténoma de Baja California (UABC) and Instituto Politécnico
Nacional in Northwest Mexico. Still others are the result of long
histories of study of the institutional problems in crossborder water
management, as is the case for Stephen P. Mumme and Donna
Lybecker of Colorado State University; Marfa Rosa Garcia Acevedo
of California State University, Northridge; and Francisco Zamora
and Peter Culp of the Sonoran Institute. Zamora and Culp, along
with Osvel Hinojosa of Pronatura, kindly accepted the invitation to
contribute the chapter on the environmental impact of lining the
AAC, which greatly enriches this English edition.
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This volume seeks to contribute, inasmuch as possible, to the
understanding of the issue and to help find a satisfactory solution to
it. The authors explore everything from classically state-centric
solutions to the role of non-traditional stakeholders, such as
Congress, local governments, and even the possible links between
crossborder stakeholders.

This volume is organized into three sections. The first deals with
aspects related to the biophysical and environmental characteristics
of the region. Here, Francisco Radl Venegas summarizes the most
notable biophysical characteristics of the region, where the
Colorado River and its delta come together yet are fragmented by
their belonging to different political units. Francisco Zamora, Peter
Culp, and Osvel Hinojosa list the biodiversity that characterizes the
area where the AAC is located, quantifying and typifying the dam-
age the environment is expected to sustain upon the project’s imple-
mentation. They also establish the limitations of the environmental
impact statements performed by the United States government to
gain approval of the project.

Jaime Herrera Barrientos, with a team of colleagues, compares the
Mexicali aquifer characteristics with the hydrology of the AAC to
establish the relationship between them and then determine what
affect losing the seepage from the AAC will have on water quantity
and quality. In the third work in this section, Gerardo Garcfa Saill¢,
along with Angel Lépez and José Antonio Navarro Urbina, study the
existing relationship between the AAC and the Mexicali aquifer’s
geohydrology to determine how the loss of recharge from the canal’s
seepage will affect on the aquifer’s water quality.

The second section covers the sociopolitical problems in the envi-
ronment in which the AAC’s lining decisions have been made.
Fernando Medina applies an historical perspective to the visions
that have governed water-related decisions in the American
Southwest, and in particular in the border region, pointing out the
adjustments that have taken place between the river-bordering states
as a central element in understanding the water-policy context of
the region. Marfa Rosa Garcia Acevedo addresses the vision with
which the political discourse surrounding water has taken place in
the United States, and the fact that the resource management policy
actions are geared toward making the countries either winners or
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losers of a shared resource. José Luis Castro analyzes the most likely
scenarios in water availability and management in Baja California
cities in the long run, concluding that it is the region’s urban envi-
ronment that will feel the effects of lining the AAC, and that the
responsible authorities face considerable challenges that require
timely decisions to satisfy a growing demand, now and in the future.

Chapters in the third section address the alternatives that both
the U.S. and Mexican governments could follow to find a mutually
agreeable solution, building on a spirit of cooperation rather than
competition, thus avoiding conflict over lining the canal and the
damage it will cause to Mexicali’s economy. Instead, these chapters
suggest, the governments could set an enduring precedent that could
be the basis for the resolution of other binational conflicts over
water.

Stephen Mumme and Donna Lybecker focus their analysis of the
differences between the United States and Mexico on lining the AAC
and its negative impact on Mexico using the theoretical perspectives
of international law as a starting point. They also use the theory of
common resources and game theory to establish the possibility that
the parties can arrive at an agreement based on cooperation and
exchange, overcoming the zero-sum position under which they have
been operating until now. These authors suggest that recent devel-
opments in international law theory open the door to considering
that this case is a matter of that nature. In this regard, Mexico
would have to avail itself of international tribunals to pressure the
United States and force a bilateral agreement based on the principles
of exchange and mutual concessions.

Vicente Sdnchez analyzes the position Mexico has maintained and
the negotiations between the two governments. He presents the pos-
sibility that the two countries could reach a cooperative agreement,
considering that historically they have built an institutional frame-
work to do so in the past. However, this will require that the
Mexican government abandon the low profile it has maintained on
this issue and assume a defined position and a negotiating strategy
with an integral vision that goes beyond the issue of lining the AAC
and considers other environmental elements that are part of the geo-
graphical unit where the canal is located.
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Finally, Alfonso Cortez Lara deals with water availability in the
Mexicali Valley and the impact of lining the AAC. The author posits
that arriving at a mutually advantageous solution requires a change
in the principles upon which the negotiation has been established.
Until now a market equilibrium criterium has prevailed, while cri-
terium of equilibrium between the parties in the game has been
absent. This demands greater involvement of various agents on both
sides in building a solution, as well as the establishment of an infor-
mation base for both sides of the border with the same criteria and
methodology.

The editor thanks the Southwest Consortium for Environmental
Research and Policy (SCERP) for its support in the translation and
editing of this volume, Rick Van Schoik and Dr. Paul Ganster for
the support and the kindness with which they initiated the publica-
tion of this work in English, the authorities at COLEF and Plaza &
Valdez Publishers for granting the editorial rights and allowing the
publication of this book in English, and Bertha Herndndez for her
patience and skill as executive liaison in developing this final prod-
uct. Thanks also goes to colleagues at the Sonoran Institute and
Pronatura for their collaboration.

ENDNOTES

1 According to Gleick, the only conflict recorded in the region
occurred between California and Arizona in 1935, when Arizona
mobilized National Guard units to its border with California in
protest of the construction of Parker Dam, which would divert water
from the Colorado River to California.

2 The International Boundary and Water Commission (IBWC) is the
binational agency charged with implementing the agreements
between the United States and Mexico related to territorial limits
and ordering the water assignments agreed to in the 1944 Water
Treaty, which apportioned the volumes of water from the Rio
Grande (Rio Bravo), Colorado River and Tijuana River. IBWC also
has remediation attributions along the border. In recent years the
institutional framework for environmental protection has been
strengthened. In 1983, the La Paz Agreement was signed relative to
cooperation for environmental remediation on the border. Later, as
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part of the North American Free Trade Agreement (NAFTA), the
Border Environmental Cooperation Commission (BECC) was estab-
lished, as were the North American Development Bank (NADBank)
and the Border XXI and Border 2012 programs, through which
binational cooperative efforts on environmental objectives are fun-
neled.

3 This is according to articles in the Los Angeles Times and San Diego
Union Tribune.
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Physical and Biological Features
of the Colorado River

Francisco Raul Venegas Cardoso

INTRODUCTION

A great deal of information on the Colorado River Watershed is
available in works by Sykes (1937) during the first quarter of the
20th century and in descriptions by early settlers while traveling
across a vast desert, limited by what was then known as the Sea of
Bermejo. These first Europeans discovered, among other marvels,
the majestic and imposing Colorado River forming what are known
today as the Imperial and Mexicali Valleys. They learned that the
sediments constantly brought by the Colorado River were being
reshaped by coastal processes. There was a natural channel in the
Laguna Salada (Salt Lake), between Sierra Cucapah and Sierra de
Juarez, that would quite possibly have been navigable. And there was
a vast extension of land constantly being watered and fertilized—the
Colorado River Delta. Amidst this great desert environment, the
Colorado River Delta rises as an oasis surrounded by uniquely
shaped plant species that owe their form to living under extreme
drought conditions. A wide variety of animal life also exists there.
This chapter provides an overview of the physical and biological
features of the region. It lays out chronologically the past and pres-
ent history of the Colorado River, it then continues with a descrip-
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tion of its current state. Finally, it ends with a description of the
trend toward a potential recovery of the flows and significant flood
waters that existed prior to the construction of dams in the United
States.

PHYSsICcAL FEATURES
Geology

The ancient history of the formation of the Baja California penin-
sula, as it is known today, dates back 135 million years to the
Mesozoic era. It began with an active system of faults known today
as the San Andreas and its parallel branches, the Elsinore and San
Jacinto faults. The high activity of this system caused the detach-
ment of an immense block that formed what is now known as the
Salton Trough (Gastil, Phillip, and Allison 1975; Singer 1998).
After this deep depression formed, an intensive erosion process
filled it with sediment of gravels and sands from the San Bernardino
Mountains.

This transportation and sedimentation process lasted approxi-
mately 70 million years and today those sands and gravels have par-
tially consolidated into sandstone and conglomerates (Muffler and
Roe 1968, Singer 1998). The depth of the sediment layers deposited
over several million years ranges from 2,060 meters (m) in Indio to
nearly 6,000 m in the case of deposits located at the current U.S.-
Mexican border. The Mexicali Valley is also part of this depression,
as evidenced by a stratigraphic column of the different sedimenta-
tion events at Cerro Prieto. Their possible ages range from the
Mesozoic to recent times and depth ranges from 2,000 m to 2,500
m (Puente and de la Pefia 1978).

At this time, the Baja California peninsula had not yet detached
from the continental mass (this process did not begin until the
Miocene era, approximately 5 million years ago). The San Andreas
fault system became active once more and began forming the Proto-
Gulf of California as well as causing the separation of the Baja
California peninsula (Gastil, Phillip, and Allison 1975). Other
authors suggest that the main San Andreas fault became active again
4 million years ago (Elders, et al. 1972, Singer 1998). Regardless of
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which detachment hypothesis is most accepted, the separation con-
tinues today and the peninsula will eventually detach from the con-
tinental shelf. As Elders, et al. (1972) indicate, this separation is
occurring at a rate of 5 centimeters per year.

The Salton Trough encompasses the Imperial and Mexicali Valleys
and is part of the San Andreas fault system, one of the most active
in the world (Lira 1994) and a result of the collision of the Pacific
and North American plates. The high seismicity of the entire region
is attributed to this system. Because the region as a whole has great
economic importance due to its geothermal energy fields and its sig-
nificant agricultural potential, tectonic, seismic, geophysical, and
sedimentary research on it is continuous. This work indicates that as
this large mass of land detached from the continental shelf, the
marine waters of the ancient proto-gulf reached as far as the north-
ern edge of what is known today as the Salton Sea, approximately
260 kilometers (km) north of the U.S.-Mexican border. After the
formation of the proto-gulf and the detachment and expansion of
the current Gulf of California, the Colorado River began its great
task of conveyance, sediment discharge, and leveling of this deep
depression.

Singer (1998) reports that during the glacial periods of the
Pleistocene, which occurred in the last 2 million years, the Colorado
River has been depositing its sediments, building the delta into its
current shape as it flows into the Gulf of California. There were four
glacial periods during the Pleistocene, each with their respective
interglacial period (Derruau 1970). During those vast expanses of
time, the river ran with abundant floodwaters. During interglacial
periods, however, the amount of water flowing in the river and its
accompanying sediment load diminished significantly, leading to
droughts and intense evaporation that at times left the riverbed dry
and barren.

According to Singer (1998), just more than 1 million years ago
the already-formed Colorado River Delta served as a barrier that
kept the waters and sediments of the river from continuing on to the
sea. Instead, it filled the deep depression known as the Salton Sink,
where the Imperial and Mexicali Valleys now lie, giving birth to
Lake Cahuilla. This ancient body of water was possibly one of the
largest freshwater lakes—its surface area may have reached 3,320
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km2, perhaps six times the size of today’s Salton Sea, and expanded
even into part of the Mexicali Valley. This ancient lake has left sev-
eral clues about its existence, such as in the beach lines from Indio
to Cerro Prieto in the Mexicali Valley, where coastline watermarks
reach as high as 12 m. According to existing data, this has not
occurred since the end of the last glacial period approximately
21,000 years ago and the end of the Pleistocene 12,000 years ago
(Ortega 1995).

Evidence of the lake exists from just 1,200 years ago; this evi-
dence also suggests that by 1600 AD the lake had completely disap-
peared. However, testimonials collected during the Spanish
explorations about the existence of an ancient lake indicate the
natives of the region had used it in ages past. The formation and dis-
appearance of this ancient lake demonstrates how dynamic the
Colorado River was. At times it would convey a large amount of sed-
iment, causing the formation of banks or dams that diverted its flow
or changed its course and created bodies of water that were con-
stantly fed. At other times, the flow would stop and these bodies of
water would begin to dry out from evaporation and the lack of a
fresh water supply. Today, the Colorado River Delta covers more
than 7,700 km and is located completely within what is known as
the Mexicali Valley.

Seismicity

The chronology of Baja California’s seismic history was first
recorded during the early Spanish explorations. However, there are
many information gaps within this short period and several earth-
quakes occurred for which there are no records (Molina 1991).
Molina provides eye-witness accounts and contributes chronology
and possible magnitude data for earthquakes recorded between 1776
and 1988. Lira (1994) reports that the first seismographic network
was established in 1963 by the Universidad Nacional Auténoma de
México (UNAM), the California Institute of Technology (Caltech),
and the Centro de Investigacién Cientifica y de Educacién Superior
de Ensenada (CICESE). A second network was established between
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1977 and 1978, and a year later the Northwestern Seismic Network,
allowing greater coverage and the capability of obtaining more data
on this highly seismically active region.

Lira also presents a timeline of the frequent seismic activity
between 1973 and 1993, making reference to the exact location,
magnitude, and fault system associated with the quake. He con-
cludes that the Cerro Prieto and Imperial faults are responsible for
most of the quakes recorded during this period with magnitudes of
between 1 and 6.6 on the Richter scale.

Gonzdlez (1990) traces the Imperial Fault and the rifts it is caus-
ing at Ejido Saltillo. The fault has exhibited a drop of the western
block and rise of the eastern block, with a 1 m differential over the
last 13 years. He concludes that a small, broad valley is currently
being formed as a result of Imperial fault activity.

THE COLORADO RIVER

The age of the Colorado River is still uncertain. Singer (1998) sug-
gests that the lifting of the Colorado Plateau began seven million
years ago, thus modifying its drainage. The new uplift of the plateau
led to the formation of a drainage network with small creeks toward
the southern end of the plateau, which gave new life to the ancient
Colorado River. The renewed river found old courses, remaking its
drainage pattern, cutting and forming the famous Colorado Canyon
as it approached its final destination, the Salton Trough. Once it
could no longer discharge its waters at this depression, it unloaded
its sediment into the already-formed Gulf of California. Evidence of
these events can be found in the sediment deposits correlated to the
ages and types of rock, as well as fossils located in the formations
aged approximately 11.8 million years. This leads to many authors’
theories that the river is between seven million years and ten million
years old.

Although its age may not be, it is certain that the river, from
ancient times until prior to its being controlled by enormous dams,
had always been a river with a sizable sediment load. It was com-
posed of sands, gravels, silts, and clays (Muffler and Roe 1968,
Singer 1998, and Puente and de la Pefia 1978) that are deposited
and divergent along today’s Colorado River Delta.
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The flow of the Colorado River has been fully controlled since
the construction of Hoover Dam in 1935 and Glenn Canyon Dam,
which filled between 1963 and 1980. The river’s annual average flow
totals 15.4 million acre-feet (MAF); however, some records indicate
that during intense snow seasons in the upper basin, the volume may
have increased to as much as 24.3 million acre-feet per year
(MAF/y). Mexico, through the water treaty it signed with the
United States in 1944, receives an allocation of 1.5 MAF/y.

Hydrologic Region No. 7, Colorado River

The Colorado River begins its flow in the United States and drains
into the Gulf of California. The portion of the river managed by
Mexico begins at Morelos Dam and serves the border between the
states of Baja California and Sonora until it meets the Sonora-
Pacifico rail line. According to the Hydrological Region classifica-
tion of Instituto Nacional de Estadistica Geografia e Informdtica
(INEGI, in English National Institute of Statistics, Geography and
Information), the Mexicali Valley lies within Region 7, Sub-Region
1, Rio Colorado. Because the river runs on both sides of the border,
all hydrographic observations about its flow are made jointly by the
International Boundary and Water Commission (IBWC) in the
United States and Comisién Internacional de Limites y Aguas
(CILA) in Mexico.

The Mexican portion of the river is located between latitudes
31°45’ and 32°40 north and longitudes 114°30° and 115°40° west.
It flows through parts of both Baja California and Sonora—specifi-
cally through the municipalities of Mexicali and San Luis Rio
Colorado—and has a surface area of 5,923.16 km?2. The river bor-
ders the United States in the north, the Gulf of California in the
south, the Altar desert in the east, and in the west the Cucapah
Mountains, from which plains extend all the way to the river’s
mouth, where it forms a delta.

The aquifers located in the Mexicali Valley and Mesa Arenosa
(Sandy Plateau) in San Luis Rio Colorado, Sonora, are currently
being exploited. The water extracted in this area is exported to
Tijuana, where it is stored at the El Carrizo Dam in the municipal-
ity of Tecate.
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Surface and Groundwater Quality

The greatest problem affecting the river is salinity (Singer 1998),
given that an average of 10 tons of dissolved salts are conveyed
downriver annually. These salts arrive at Imperial Dam, where the
evaporative concentration reaches as much as 1 ton of salt per acre-
foot. Average salinity is 750 parts per million (ppm) of soluble salts,
or 0.75 grams of salt per liter of water. Thus, the Colorado River is
a salty river, especially considering that other U.S. rivers such as the
Columbia and the Mississippi contain 90 ppm and 200 ppm, respec-
tively.

The Colorado River’s salinity originates from three sources. The
majority comes from the dissolution of salts in the sedimentary
strata of tributary rivers flowing through the canyons of the
Colorado Plateau. The second largest source is the leaching of salts
from agricultural irrigation in the upper basin and the return flows
that drain into the river (Singer 1998). The third source is intense
water evaporation, particularly in the lower basin, where evapotran-
spiration occurs at a rate of 2,000 millimeters per year (mm/y).
Salinity could become significantly worse if a greater volume of
water is retained in the upper basin or if the average flow of the
river decreases.

The first projects to control and convey surface water began early
in the 20th century; salt content in 1902 was 400 ppm, by 1932 it
had increased to 600 ppm, in 1963 it was 800 ppm, and by 1995 it
had reached 1,050 ppm. This steady increase was due to the con-
struction of controls, reservoirs, and dams. But above all, when the
waters of the Colorado Basin were divided to increase the irrigable
surface an intensive use of agrochemicals began. This caused the
concentration and accumulation of salts, both in the groundwater
and in the flows of the river (Sdnchez and Mata 1997).

According to Mexico’s Comisién Nacional del Agua (CNA, in
English National Water Commission) (1995), the aquifer in the val-
ley is overexploited—its deficit is 28,400 AF/y—and Mesa Arenosa
is underexploited—its annual recharge and extraction are 121,600
AF/y and 82,700 AF/y, respectively. Of the surface water that enters
the delta, Mexico’s allocation, according to the 1944 Water Treaty,
is 1.5 MAEF/y. Of this allocation, 1.36 MAF/y is delivered directly to
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Morelos Dam and 14,000 AF/y is diverted toward Lindero Sur
(southern border). A 470 km major conveyance channel network
begins at Morelos Dam, as does a 2,432 km minor conveyance net-
work. Both are lined with hydraulic concrete.

The second-largest water reservoir for delta water is a shallow,
non-isometric, free-type aquifer with a permeability of 0.1 square
meters per second (m2/s). The average annual extraction from the
658 wells in the Mexicali Valley aquifer and the 67 wells in Mesa
Arenosa are detailed in Table 1. Obviously, the volumes provided by
the two sources do not agree, making it clear the actual existing vol-
umes and extraction rates need to be more accurately evaluated.

With regard to water quality in the aquifer, the increase in min-
eralization in the areas of Riito, Tulecheck, Aeropuerto, and Cerro
Prieto, as well as the increase in salinity, could be attributable to
geothermal water intrusion. The water quality of the aquifer located
to the east, toward San Luis Rio Colorado, is affected by a mixture
of geothermal waters, seawater that evaporates and moves up into
the valley through the fault system, as well as by seepage of
Colorado River water. Instituto Mexicano de Tecnologia de Agua (in
English, Mexican Water Technology Institute) has been monitoring
the aquifer for 30 years and concluded there is a 2% annual increase
in mineralization, equivalent to 20 milligrams per liter (mg/L)

(Sdnchez and Mata 1997).

Table 1. Annual Average Extraction from the
Mexicali Valley Aquifer and Mesa Arenosa

Source Mexicali Mesa Arenosa
Paredes 1992 750,640 AF/y 79,940 AF/y
GAS-CNA 1996 891,770 AFly 121,605 AF/y

Notes: !Census rate 1900-1921: 2Census rate 1930-1950
Sources: Unikel (1976), Arreola and Curtis (1993), INEGI population census 1990-
2000, Sinchez and Mata 1997
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Weather Characteristics

The Colorado River Delta belongs to the Sonoran Desert
Geomorphic Province (Shreve and Wiggins 1964). According to the
Képpen model as modified by Garcia (1981), the entire province
exhibits BW-type weather, which is dominated by very arid or very
dry climates. This indicates a dry, warm desert with winter rains and
very extreme temperatures. The annual median temperature is 22°C
(72°F), annual precipitation averages 54.2 mm (2.13 inches), and
the annual temperature variance is 17.7°C (63.9°F). These climatic
characteristics do not, however, reflect the delta’s extreme character.
The data presented in Table 2 are from three climatological stations
located throughout the valley and show peak maximum tempera-
tures, peak minimum temperatures, and the minimum yearly precip-
itation that has occurred more than once since 1949 (Venegas
2000).

Geomorphology

The several subunits in this province are characterized by the plant
species they host. Two are the Sonora-Arizona Plains, dominated by
species with sarcocaule physiognomies, columnar cacti, and micro-
phyllus leaves, and the lower Colorado River basin subunit (today
the Imperial and Mexicali Valleys), with species adapted to living in

lacustris and palustris environments, thus creating wetlands and

Table 2. Temperature, Precipitation, and Evaporation
in Mexicali, the Delta, and Bataquez

. Maximum Minimum Annual Annual
Station L. g
Temperature | Temperature Percipitation Evaporation
L 543°C| _, . 54.2 mm
Mexicali (129.7°F) -7°C (19.4°F) (2.13 in)
57°C o o 36 mm
Delta (134.6°F) -3°C (26.6°F) (142 in) 2,160.3 mm
57°C 33 mm
B -8.9°C (16°F 2, .
ataquez (134.6°F) 8.9°C (16°F) (1.30 in) 369.0 mm
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species that can withstand a high water table. This subunirt is char-
acterized by a nearly flat surface, making it a flood zone, with alti-
tudes of more than 40 m where the river spills into the valley; the
altitude progressively decreases until the Cucapah alluvial fan, at 14
m. Here the Cucapah mountains rise in a north-to-southeast direc-
tion and an altitude of 1,000 m.

The northeast portion of the lower Colorado River basin features
the Mesa de Andrade dunes, which are located mostly within the
United States. These dunes are created by winds and have maximum
altitudes of approximately 100 m. Toward the northwest, the lower
basin descends until it reaches sea-level, near the northwest limits of
the city of Mexicali, almost at the international boundary with the
United States. North from this point the altitude falls below sea level,
reaching a low point of 87 m below sea level and forming the Salton
Sea (see Figure 1). Toward the south the basin connects with the Gulf
of California, which still exerts a great influence due to the activity of
coastal processes. There are reports that during high tides, waves can
reach between 3 m and 7 m. People who live near where the river
flows into the sea call this process “el burro” (Tapia 2002). The
coastal processes and waves created by high tides introduce sea sedi-
ments into the delta and mix saltwater with freshwater.
Unfortunately, today no freshwater exists to dilute the seawater,
which results in a significant increase in salinity (Luecke, et al. 1999).

On the western side, nearly against the Cucapah mountains, a
volcanic structure called Cerro Prieto rises against a nearly flat land-
scape and has an altitude of 220 m. It is a Pleistocene volcano that
last erupted 700,000 years ago. Today, it is inactive and around it
lies the largest geothermal field in Mexico, which produces 750
megawatts of energy.

Soils

Soil studies are invariably conducted on a superficial layer, in most
cases never greater than 2 m in depth. They allow the study of
events such as geochemical, geomorphologic, and climatological
processes. Characterizing the soils of the delta requires attention to
the geological and geomorphologic details, as well as to the alter-
nating glacial and interglacial periods. It also requires attention to
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intense Colorado River erosion, transportation, and sediment load
accumulation events in the Salton Trough. This process lasted for at
least 3 million years during the Plio-Pleistocene and involved the
depositing of mostly fine sediments of sand, silts, and clays. These
types of sediments from a more recent age make up the soils of allu-
vial origin. They exhibit great granulometric variance depending on
the topographic characteristics of the areas traversed by the main
flow of the river.

It is clear that the transformation of primary minerals into sec-
ondary materials, specifically in the case of clays, has not taken
place in the delta. They were all transported by the river and con-
tinually renewed by new sediment contributions until they formed
the flood plain as it is known today. This behavior defines the gran-
ulometrics of the sediments and their settlement, as well as the
discordant layers of medium sands, followed by clays or silts, and so
on successively, without a defined deposit sequence characteristic of
a flood and sediment load accumulation area.

Based on this characterization, the soils of the delta are alluvial in
origin with medium to fine textures. That is, the different strata are
mostly layers of clays and silts, interspersed with fine sands. Due to
these characteristics, the soils are deep, heavy, have poor drainage,
high fertility, and are susceptible to salt intrusion. This type of soil
would be considered an entisol.

Two works on soil in the Imperial Valley—Pierre, MacKenzie, and
Zimmerman (1974) and Zimmerman (1981)—report the physical
and chemical properties of the soils, their taxonomic classification,
and define five series of soils. They also report the minimum area
that can be mapped with individual characteristics for each, but
conserve the characteristic order, which holds the highest rank
under U.S. classification.

The series of soils determined in this study are essentially the
same as those that have been mapped for the Mexicali Valley. The
series are: Meloland, Imperial, Superstition, Holtville, and Gila.
The main characteristics of these are alluvial origin, absence of diag-
nostic horizons, arid temperatures, medium to fine textures, poorly
draining, and subject to alkalinity. According to Singer (1998),
these soils are classified as Typic Torriflivents, Xeric Torrifluvents,
and Typic Torriorthents; all belong to the order Entisols.

11
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Water Stress

The Colorado River’s delta and water are two of the most significant
issues the border region faces today. Environmental groups, ecology
groups, renowned scientists who have studied the region for many
years, and several non-governmental organizations are extremely
concerned about the current situation in the delta. Scientific and
media reports, even as far back as the 1970s and 1980s, noted that
the Colorado River was in danger of drying up (Luecke, et al. 1999).
Today, the delta’s area has decreased by 5% (Luecke, et al. 1999),
due in part to the high concentration of mostly agricultural con-
taminants, the spread of which provides yet another sign that the
surface size of the Colorado River Delta is shrinking.

The aforementioned risk notwithstanding, during the last 20
years there have been signs that this process could be reversed, given
the recovery of nearly 55,000 hectares and due to the release of sur-
pluses from U.S. reservoirs, agricultural wastewaters from both
countries, and municipal waters from the city of Mexicali. Whether
this trend can be maintained is uncertain. Consider also that these
types of waters, coming as they do from municipal flows and irriga-
tion districts in both valleys, contain large concentrations of salts
and contaminants, but in spite of this have proven beneficial in the
recovery of areas previously lost (Luecke, et al. 1999). However,
above-average precipitation for most of the region, including the
upper Colorado River basin, were due to a general condition caused
by El Nifio Southern Oscillation events, and there is no guarantee
they will occur again.

This situation could also be to a new climatological phenomenon
known as Pacific Decadal Oscillation. During this phenomenon,
cycles of intense precipitation last for approximately 22 years, and
then drought cycles occur of approximately the same duration.
Under this new hypothesis of climatic behavior, the entire north-
western region of North America would experience drought until
2020 (Hare 2000).

12
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Biotic Communities

A large number of scientific reports exist on the possible flora and
fauna that the Colorado River Delta may have supported with its
large volume of freshwater, vast amounts of nutrients through its
sediment load, and the dynamics of intense waves in the Gulf of
California. Some authors, such as Ezcurra, et al. (1999), estimate
that between 200 and 400 species of vascular plants may have inhab-
ited the delta.

When the first Spanish explorers arrived in 1540, they reported
seeing jaguars, bears, deer, coyotes, and beavers (Luecke, et al.
1999). They also contacted the natives of this land, the Cucapah,
who lived in the area surrounding the delta and had flourishing agri-
culture, including some variety of corn, beans, and squash. The
Cucpah also collected a kind of grass called trigo gentil (gentle
wheat) and may have used mesquite fruit, which they called péchitas,
and hunted wild geese, ducks, and fish.

The environment experienced by the first explorers has changed
dramatically from the environment seen by those who followed until
the beginning of the 20th century due to the high degree of pollu-
tion, increase in salinity, and a nearly complete loss of freshwater.
Completely stopping the contribution of sediments, and their corre-
sponding nutrients, has caused a reduction of wetlands and the dis-
placement of native riparian species such as poplars (Populus sp.)
and willows (Sallix sp.). Exotic species that are more aggressive and
more resistant to high salinity, such as the Salt Cedar (Tamarix
ramosissima), which has a high evapotranspiration rate, took over.
But regardless of the difficult situation in the Colorado River Delta,
it remains the only safe habitat for a large number of migratory
species because it is the only significant “fresh” water body among
the wetlands of the Mexican Pacific.

Of the mastological fauna believed to have been present in the
delta (Tapia 1997), thus far the river otter (possibly Lutra genus)
and the mule deer (Odocoileus hemionus) have disappeared. However,
Programa de Manejo de la Reserva de la Biésfera (PMRB, in English
Biosphere Reserve Management Program) (INE-SEMARNAT 1995)
cites the mule deer as currently inhabiting it. With regard the beaver
(Castor canadensis), Mellnik and Luévano (1995) report there are

13
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still populations in the delta, and although their status is not clear,
the researchers affirm that if the level of freshwater is increased, the
beaver population will increase as well. The lists of species presented
by Instituto Nacional de Ecologia-Secretaria de Medio Ambiente y
Recursos Naturales (INE-SEMARNAT) (1995), Luecke, et al.
(1999), and Tapia (1997) differ, thus this chapter will rely on
Luecke, et al. (1999) preferentially because it is considered the most
complete work on Colorado River Delta flora and fauna.

Per the Diario Oficial de la Federacién (in English Mexican
Federal Register) (1994), the endangered freshwater fish desert pup-
fish (Cyprinodon macularius), and endangered bird, the Yuma clap-
per rail (Rallus longirostris yumanensis) are currently in the delta.
The bobcat (Lynx rufus) and the totuava (Cynoscion macdonaldi),
which is the only endangered marine fish, as well as the Vaquita
(Phocoena sinus), the only endemic cetacean species in Mexico,
whose distribution is restricted to the northernmost limit of the
Gulf of California, are located nearby and are dependent indirectly
upon flows from the Colorado River.

Luecke, et al. (1999) list 66 bird species, while the PMRB reports
at least 80 species of land and water birds, both resident and migra-
tory. The more frequent visitors include Osprey or fishing hawk
(Pandion haeliaetus), American white and brown pelicans (Pelecanus
erythrorbynchos and P occidentalis), ring-billed gull (Larus
delawarensis), least tern (Sterna antillarum), cormorants
(Phalacrocorax auritus), teal (Anas crecca), Canada goose (Branta
candensis), and clapper rail (Rallus longirostris).

In general, between 12 and 14 mammalian species are listed.
These land mammals are representative of the Sonoran and San
Bernardinian biotic provinces and include a broad diversity of
rodents and species of interest for hunting, such as mule deer
(Odocoileus hemionus), foxes (Urocyon cinereoargenteus, Vulpes macro-
tis), coyotes (Canis latrans), and bobcats (Lynx rufus) (INE-SEMAR-
NAT 1995). Because there is also disagreement on the number of
species and their habitat; in this case, preference is given to the
Programa de Manejo de la Reserva de la Bidsfera.

Marine vegetation, made up mainly of algae and sea grasses, pres-
ent in the delta includes Distichlis palmeri, a species endemic to the
Gulf of California. The allophyllus vegetation is spread out over
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small areas along the coast, preferring closed-off, low-lying areas
and marshes. They are represented by short plants, leafy succulents,
and perennial grasses, such as Palmer’s seaheath (Frankenia palmeri),
Mojave seablite (Suaeda ramosissima), salty grass (Distichlis palmeri),
and alkali dropseed (Sporobolus airoides). West of Adair Bay and east
of the Santa Clara Marsh, marine vegetation is made up mostly of
algae and sea grasses, most prominently Distichlis palmeri.

CONCLUSION

The Colorado River, which has fostered important industry, agricul-
ture, urban areas, and tourism in both the United States and
Mexico, faces a critical situation due to the grave hydrological
imbalance to which it was subjected during the 20th century. It was
then that the river was exploited without regard for its potential
deterioration due to a reduction in its flow and the construction of
large dams in the United States. However, if its flow had not been
controlled and large dams had not been built to prevent its enor-
mous floods, it would not have sparked such significant develop-
ment, the growth of important cities, electricity generation, the
irrigation of more than 500,000 hectares of crops in the Imperial
and Mexicali Valleys alone, or provided water for residential use to
several million residents in both countries. The question is, What
would the region become if not for the water from this prodigious
river? What actions could have been taken to avoid controlling it
while still promoting development on the scale achieved by these
projects?

Perhaps there are no right answers. Even with today’s technologi-
cal developments, uncertainties abound about how to face the new
challenges posed by population growth in both countries and
throughout the border region without an additional Colorado River
or Rio Grande to sustain the coming generations. The citizens of
both countries, their scientists, administrators, and all who benefit
must—beyond merely engaging in binational disputes over addi-
tional volume for the states that benefit from its wealth—work to
preserve what little is left of what once was a great river and delra.
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The solution lies not with rescuing or restoring habitats that
existed before the 20th century. That would be largely impossible,
given the great pressure being exerted by ever-increasing water and
land demand in the border region of both countries. Between 1950
and 1995 the border region population in northern Mexico grew
from 3.7 million to 15.2 million (Estrella, Canales, and Zavala
1999). Mexico’s third largest border city, Mexicali, has an estimated
population growth rate of 2.2% and will increase its population to
1.25 million residents by 2020. That nearly doubles its current pop-
ulation (Wright and Griffin 1998). This should motivate the devel-
opment of new formulas and attitudes to make more efficient use of
the scarce volumes expected to be available in the next two decades

(Hare and Francis 1995; Mantua, et al. 1997).
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