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Preface

H. L. Mencken once said that “for every complex problem, there is
a solution that is simple, neat, and wrong.” In other words, just
because a solution is simple does not mean it is a good solution, or
the most appropriate, or the most long-lasting. When addressing
problems in a binational or transboundary context, the complexity
of two legal systems, two cultures, two languages, and economic
asymmetry translates into multifaceted problems that cannot be
resolved simply. In the U.S.-Mexican border region, solutions that
can be perceived as simple and affordable can still be the wrong pol-
icy choices. Here, no good solution is simple.

The question, then, is how to find the good, and even optimal,
solutions when addressing transboundary challenges. How can deci-
sion-makers best understand relationships and connections among
seemingly disconnected concepts and players? How can policymak-
ers and resource managers avoid making decisions that exacerbate
other current or emerging problems in the U.S.-Mexican border
region? Instead, how can they best be informed to make decisions
that address the challenges of water scarcity in an arid environment,
health in impoverished communities, protection for nature in an
expanding urban setting, and air pollution from multiple sources—
all in ways that do not have harmful repercussions for future gener-
ations? In sum, the issue is how to access and interpret information
in a manner that promotes the best policy decisions—those that
benefit the maximum number of people in the most ways for the
longest time.

To avoid oversimplifying responses to challenges in the U.S.-
Mexican border region, a focus on interrelationships among issues,
or a systems approach, is necessary. The challenges of extraordinar-
ily fast growth, persistent economic asymmetry, looming droughts
and water shortages, the push for industrialization, and a growing
middle class in the U.S.-Mexican border region all have direct
impacts on economic and environmental policy. Academia is still the
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best group to develop solutions to those issues because of its ability
to conduct unbiased and comprehensive long-term planning and
truly regional thinking. Recent trends toward “sustainability sci-
ence”—defined as interdisciplinary research across different scales,
media (such as water, air, or soils), and a wide range of academic
disciplines—afford an emerging class of natural/physical and social
scientists the opportunity to deal with many difficult problems at
the same time. Academia is now able to map concepts and their con-
nections, and in the process develop a representative model that
assesses the multiple impacts of one action or decision. For example,
energy exploration and development has air quality, water supply,
economic prosperity, community vitality, and other foreseen and
unintended consequences that are not fully understood individually
or collectively.

Since the early 1990s, the faculty of the universities that make up
the Southwest Consortium for Environmental Research and Policy
(SCERP) have set an example for binational research and policy
development. Based upon that expertise and success, SCERP was
challenged to answer the following seemingly simple, but actually
very complex, question: What will the border look like in 20 years?
The decision was made that the maximum value would be realized
by all the constituencies in the region by taking the unique
approach of developing a relational, or “system dynamics,” model.
This would allow researchers to inquire of and educate the interna-
tional, national, and local decision-making and policymaking
processes about direct and indirect, diffused and disparate, and
immediate and delayed consequences of apparently unrelated deci-
sions.

The model, called Border Plus Twenty Years, or Frontera Mds
Veinte Afos (B+20/F+20), consists of a binational team of
researchers from various academic disciplines. They work with a
software program that outputs a series of graphs and charts based on
information entered into the program and questions then asked of
it. The model, which is flexible, relates many parts of an entire
problem—the elements of which were identified and further defined
in meetings with local decision-makers who explained their concerns
and outlined their questions—and presents a series of scenarios
about how the future might look in the U.S.-Mexican border region.

Vi
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B+20 projects human impacts on the border environment for the
next 20 years. In particular, the maps and charts used to present
these scenarios are especially useful in analyzing information about
border areas because they span languages, laws, and cultures and can
help develop real understandings of relationships among the factors
that create the scenarios. The binational model appeals and adds to
the process of making decisions in both the United States and
Mexico. The model helps optimize the investment of scarce
resources by showing the effects of local efforts across the border, as
well as the complementary effects of actions taken in unison.

B+20 has been invaluable to a handful of multinational agencies
that exist to overcome binational challenges. For example, in the
absence of a strategic plan for the border region by any binational
organization, and following years of marginalization by national
agencies, B+20 is able to inform the Border Environment
Cooperation Commission (BECC), International Boundary and
Water Commission (IBWC), and local agencies such as the Salton
Sea Authority about ways to:

* Avoid unintended and some unforeseen consequences

* Become aware of and avert severe human health risks

* Assess transboundary effects so joint attention can forestall

crisis

The model is further used to show the special case of the politi-
cal boundary between a developed country and developing country,
as well as the special role of the border as the place where the North
American Free Trade Agreement (NAFTA) makes the most differ-
ence. Exploring and explaining the value of the border to both
nations motivates funding as well as priorities. In practice, the
model has been useful in informing one agency about the issues and
trade-offs involved at others. For example, it tells water agencies
what energy or air quality agencies are thinking about, and vice
versa.

The program started as a highly ambitious and potentially risky
endeavor. But so far, SCERP and the modelers have been able to
avoid potentially fatal flaws that have plagued other modeling
efforts and binational collaborations. B+20 has been successful
because it:

vii



Dynamics of Human-Environment Interactions

* Chose a robust software platform that can be used to commu-
nicate directly with the public, show decision-makers the
effects of their policies, and educate a wide range of U.S. and
Mexican students (because the project team published a sys-
tem dynamics manual in Spanish)

* Maintained a flexible process that accommodated the neces-
sary planned, and also the unanticipated, changes in the
make-up of the modeling team

* Started and remained bilateral and regional in concern

* Avoided the narrowness and dogma associated with each indi-
vidual academic discipline and media

¢ Committed to and ensured relevant final products and tangi-
ble outcomes early in the process

The chapters in this volume of the SCERP Monograph Series,
The U.S.-Mexican Border Environment, reflect the studies and analy-
ses conducted as part of the B+20 modeling process. An Afterword
is included that addresses some of the process issues raised herein.
The overall content can be used to better understand the systems
model the project team built and inform decision-makers of the fac-
tors that must be considered when developing solutions to complex
problems in the U.S.-Mexican and other border regions.

D. Rick Van Schoik
Managing Director, SCERP
San Diego, California
August 2004
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H. L. Mencken comenté en una ocasién “para cada problema com-
plejo, hay una solucién que es simple y equivocada”. En otras pal-
abras, solo porque una solucién es simple no significa que es una
buena solucién, o la mds apropiada, o la mds duradera. Cuando se
abordan los problemas en un contexto binacional o transfronterizo,
la complejidad de dos sistemas legales, dos culturas, dos idiomas, y
asimetrfas econémicas, se traducen en problemas multifacéticos que
no pueden ser resueltos a través de la simplicidad. En la regién fron-
teriza México-Estados Unidos, las soluciones que pueden ser
percibidas como simples y accesibles pueden ser selecciones de dos
politicas equivocadas. Aqui, ninguna solucién buena es simple.

La pregunta entonces es, cémo encontrar soluciones buenas y 6pti-
mas al abordar retos transfronterizos? Cémo pueden los tomadores de
decisiones entender mejor las relaciones y nexos entre conceptos y par-
ticipantes aparentemente desconectados? Cémo pueden los respons-
ables de elaborar politicas y administradores de recursos evadir la toma
de decisiones que agravan otros problemas presentes o en surgimiento
en la regién fronteriza México-Estados Unidos? A cambio, cémo
pueden estar mejor informados para tomar decisiones que aborden los
cambios de la escasez del agua en un medio ambiente drido la salud en
las comunidades pobres, la proteccién de la naturaleza en la invasién
de un escenario urbano, y la contaminacién del aire por multiples
fuentes—todo en maneras que tienen repercusiones dafiinas para
futuras generaciones? En resumen, el tema es cdmo conseguir acceso y
cémo interpretar informacién de una manera que promueva las
mejores decisiones de polftica-aquellas que benefician el nimero mdx-
imo de personas en diversas formas y por el mayor tiempo.

Para poder evadir respuestas a retos sobre-simplificados en la
regién fronteriza México-Estados Unidos, es necesario un enfoque
en interrelaciones entre temas, o un sistema de aproximacién. Los
retos de un crecimiento extraordinariamente acelerado, de una
asimetria econémica persistente, de sequfas y escaseces inminentes,
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de una industrializacién fomentada, y un crecimiento de la clase
media en la regién fronteriza de México-Estados Unidos, tienen un
impacto directo en la politica econémica y ambiental. La Academia
es auin el mejor grupo para desarrollar estas respuestas debido a su
disponibilidad para conducir una planeacién imparcial y compren-
siva a largo plazo y una conciencia verdaderamente regional. Las
tendencias recientes hacia una “ciencia sustentable’—definida como
una investigacién interdisciplinaria en diferentes escalas, medium
(tales como el agua, aire, o los suelos). Y una gama variada de disci-
plinas académicas—se permiten a un una clase emergente de cienti-
ficos fuertes y sociales la oportunidad de lidiar con muchos
problemas dificiles al mismo tiempo. La Academia ahora tiene la
disponibilidad de trazar conceptos y sus relaciones, y en el proceso
de desarrollar un modelo representativo que evalie los multiples
impactos de una accién o decisién. Por ejemplo, la exploracién y
desarrollo de la energfa tiene a la calidad del aire, suministro de
agua, prosperidad econémica, vitalidad comunitaria, y a otras con-
secuencias no intencionadas ni previstas que no son completamente
comprendidas individualmente o colectivamente.

Desde los 1990s, las facultades de las universidades que integran
el Consorcio de Investigacién y Politica Ambiental del Suroeste
(CIPAS), han establecido un ejemplo para la cooperacién binacional
y el desarrollo de politica. Basado en su experiencia y éxito, el
CIPAS estuvo retado a contestar las siguientes aparentemente sim-
ples, pero mds bien muy complejas preguntas: Cémo se verd la fron-
tera en 20 afios? La decisién fue que el valor méximo seria realizado
por todas las circunscripciones en la regién al tomar un enfoque
unico de desarrollar una relacién o un modelo de “sistema de
dindmicas”. Esto permitiria a los investigadores a preguntar y educar
al proceso internacional, nacional y local de toma de decisiones y de
elaboracién de politicas sobre las consecuencias directas e indirectas,
confusas y diferentes, y tardias e inmediatas de decisiones aparente-
mente no relacionadas.

El modelo, llamado Frontera Mds Veinte Afios (B+20/F+20), con-
siste de un grupo binacional de investigadores de varias disciplinas
académicas. Este grupo trabaja con un programa computacional que
proporciona una serie de grificas y cuadros basados en informacién
proporcionada al programa y preguntas realizadas al mismo. El mod-
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elo, el cual es flexible, relaciona muchas partes de un problema—
elementos que fueron extrafdos de reuniones establecidas con
tomadores de decisiones quienes explicaron sus preocupaciones y
establecieron sus preguntas—y presenta una serie de escenarios
sobre cémo se verd en un futuro la regién fronteriza de México-
Estados Unidos.

F+20 demuestra los impactos humanos en el medio ambiente de la
frontera para los préximos 20 afios. En particular, los mapas y
cuadros usados para presentar estos escenarios son especialmente
provechosos para analizar la informacién sobre las 4reas fronterizas
ya que abarcan idiomas, leyes, y culturas y pueden ayudar a desarrol-
lar entendimientos reales y relaciones entre los factores que crean los
escenarios. El modelo binacional atrae y afiade al proceso natural de
toma de decisiones en ambos México y los Estados Unidos. El mod-
elo ayuda a optimizar la inversién de recursos escasos al demostrar
los efectos de los esfuerzos locales a lo largo de la frontera, asf como
los efectos complementarios de acciones tomadas en unisono.

F+20 ha sido invaluable para diversas agencias multinacionales
que existen para superar los retos binacionales. En ausencia de un
plan estratégico para la regién fronteriza de cualquier organizacién
binacional, y siguiendo afios de marginacién por agencias
nacionales, F+20 puede informar a los tomadores de decisiones
sobre las maneras para:

* Evadir consecuencias no intencionadas e imprevistas

* Conscientizarse y prevenir riesgos severos a la salud humana

* Evaluar efectos transfronterizos para que la atencién conjunta

pueda anticipar la crisis

El modelo es utilizado posteriormente para demostrar el caso
especial del limite politico entre un pafs desarrollado y un pafs en
desarrollo, asi como el papel especial de la frontera como el lugar en
el cual el Tratado de Libre Comercio para América del Norte
(TLCAN) hace la mayor diferencia. Explorar y explicar a ambas
naciones el valor de la frontera motiva el patrocinio asi como las pri-
oridades. En la prdctica, el modelo ha sido valioso en informar a una
agencia sobre los temas y equilibrios involucrados en otros. Por
ejemplo, informa a agencias de agua lo que las agencias de energia o
de calidad del aire estdn pensando, y vice versa.

X1
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El programa comenzé como una tarea muy ambiciosa y potencial-
mente riesgosa. Pero hasta hoy, el CIPAS y los modeladores han
podido evadir lagunas potencialmente fatales que han contaminado
otros modelos y colaboraciones binacionales. F+20 ha sido exitoso
ya que:

* Escogié una plataforma computacional fuerte que puede ser
usada para comunicarse directamente con el publico,
demostrar a los tomadores de decisiones los efectos de sus
politicas, y educar a una amplia gama de estudiantes mexi-
canos y estadounidenses (ya que el grupo del proyecto publicé
un manual de sistema de dindmicas en espafiol)

* Mantuvo un proceso flexible que acondicioné los cambios en
el grupo de modelado necesariamente planeados y no anticipa-
dos

* Comenzd y permanecié bilateral y regional en sus preocupa-
ciones

* Evadié la estreches y el dogma asociado con cada disciplina
académica individual y medium

e Se comprometié y aseguré a principios del proceso productos
finales relevantes y pronésticos tangibles

Los capitulos en este volumen de las Series de Monografias del
CIPAS, El Medio Ambiente de la Frontera México-Estados Unidos,
reflejan los estudios y andlisis realizados como parte del proceso de
modelado de F+20. Un Epilogo se incluye que aborda algunos de los
temas del proceso surgidos en el mismo. El contenido general puede
ser usado para comprender mejor el modelo de sistemas que el grupo
del proyecto construyé y para informar a los tomadores de deci-
siones sobre los factores que deben ser considerados al desarrollar
soluciones para los problemas complejos en la regién México-
Estados Unidos asf como en otras regiones fronterizas.

D. Rick Van Schoik
Director, CIPAS

San Diego, California
Agosto 2004

xii



Introduction

This volume reports the results of a Southwest Consortium for
Environmental Research and Policy (SCERP) directed research proj-
ect known as the Border Plus Twenty Years (B+20) Project. This
multi-disciplinary, multi-institutional project was designed to pro-
duce an empirically based system dynamics model of the U.S.-
Mexican border environment that could be used to guide planning
and policy decisions. The principal goal for this effort is derived
from the vision statement generated in 1999 at the first Border
Institute convened by SCERP: To aid borderland decision-makers in
finding ways to maintain a satisfactory quality of life for all resi-
dents and a healthy sustainable natural environment. To this end,
B+20 was designed to build a computer-based system dynamics
framework for exploring future conditions along the U.S.-Mexican
border for a series of alternative 20-year futures (hence the “20” in
the project name B+20).

In addition to an international border, the United States and
Mexico share airsheds, watersheds, energy sources, metropolitan
communities, economic ties, and transportation links. The relation-
ship between humans and the environment in the border region is
influenced both by local factors and factors from outside the region.
Some of the important remote influences include the national
economies of the United States and Mexico and the laws and regu-
latory structures generated by the respective national governments.

After four years of effort, B+20 has created a system dynamics
model that can be used as a decision support tool for evaluating the
consequences of different courses of action in the border region.
The system dynamics model quantifies relationships between differ-
ent components of the environment and human behavior. The
model includes the following components: population, economy,
energy, air quality, water supply and quality, land use, and human
quality of life. The model links each environmental factor and pro-
vides feedback loops so that the widespread effects of changing any

xiii
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component of any factor may be evaluated. Because the model is
able to project alternative futures, it allows decision-makers to ask
“what if” questions and to evaluate the potential consequences of
different policy options.

The model was developed and first applied in the tri-state Paso
del Norte region for several reasons. The density of data availability,
the pressing nature of the transboundary issues, and the close inter-
dependencies between the two large cities of El Paso, Tex., and
Ciudad Judrez, Chih., made Paso del Norte the optimal area for this
pilot project.

This volume comprises two sections. Section I outlines the theo-
retical and empirical foundation used to develop system dynamics
models for different geographic locations along the U.S.-Mexican
border. This section explains systems thinking and the system
dynamics modeling approach with specific reference to conditions
affecting human-environment interactions in the border region. In
addition, Section I provides border-scale insight about how to assess
and model quality of life issues, institutional frameworks, and
energy considerations.

In Chapter I-1, Forster and Cleveland provide an overview of the
B+20 project. They describe the goals of the project, the general
environmental conditions in the Paso del Norte region, and the
rationale for using a system dynamics approach. This chapter also
provides the necessary background for understanding the assump-
tions and icons employed in the object-oriented, commercially
available STELLA® software, which was used to create the actual
system dynamics model.

B+20 is based on the well-validated assumption that change in
one component of an environmental system will produce widespread
changes in other parts of the system. An environmental system also
includes the humans that live in the region because humans react to
environmental changes, and through their activity, cause environ-
mental changes. Two of the most potent elements in the B+20
model—economics and demography—are essentially models of
human behavior. In Chapter I-2, Sadalla, Guhathakurta, and Ledlow
discuss the effects of environmental changes on human quality of
life and human well-being. This chapter discusses the conceprual
and methodological problems involved in quantifying and relating

Xiv



Introduction

quality of life, and reviews empirical literature that links elements
of the environment (such as air quality, water quality, transporta-
tion, economy, and population size) to quality of life.

In Chapter I-3, Pefia, Fuentes, and Forster provide a historical
description of land use changes in Paso del Norte. Paso del Norte is
a region that has been characterized by urban growth and urban
sprawl. The B+20 project has been designed as a forecasting tool
that would allow a user to create different urban growth scenarios
over a 20-year period of time, and to explore the environmental and
economic consequences of each scenario. The Paso del Norte land
use model was designed to study how economic and demographic
processes trigger the demand for urban land for residential, indus-
trial, commercial, and transportation purposes.

Van Schoik, Conner, and Lelea discuss issues related to sustain-
able water use in the border region in Chapter I-4. Because of its
arid climate, the history of this region (like that of most of the
Western United States) involves a series of conflicts over water. In
this chapter, the authors note that such conflicts will be exacerbated
by population growth and that the solutions to water conflicts will
have widespread effects on energy production, biodiversity, regional
economies, and the health of residents. The chapter provides a sen-
sitive discussion of the political complexities of managing water
resources along the border and discusses the problems that bina-
tional institutions (such as International Boundary and Water
Commission-Comisién Internacional de Limites y Aguas, Border
Environment Cooperation Commission, and North American
Development Bank) have had in dealing with current water issues.
The chapter concludes with a discussion of innovative mechanisms
that could improve the long-term management of this scarce
resource.

Due to recent and projected population growth in the border
region, there is an increasing demand for environmentally sensitive
and sustainable sources of energy. In Chapter I-5, Sweedler,
Quintero Nufiez, and Collins discuss significant energy issues con-
fronting the binational region. The chapter explores the complex
array of regulatory structures in the United States and those evolv-
ing in Mexico. Problems in developing a crossborder infrastructure
associated with natural gas and power transfers are discussed as part
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of the general question of how to develop the necessary administra-
tive and regulatory mechanisms to plan and coordinate issues related
to energy in the binational region.

The B+20 system dynamics model was originally developed as a
tool that would allow stakeholders with specific interests to explore
the future environmental and quality of life implications of policy
decisions in the U.S.-Mexican border region. As the model took
shape, it became apparent that it could also be useful in classroom
settings to illustrate principles that apply to a wide variety of urban
environments. In Chapter 1-6, Sadalla, Ledlow, and Guhathakurta
suggest that this model is uniquely suited for teaching concepts
from the emerging field of “sustainability science,” and for teaching
“systems thinking” in relation to environmental issues. Use of the
B+20 model fosters an appreciation of the widespread consequences
of changing one part of a dynamic system and promotes an active
learning approach to education that has been shown to enhance stu-
dent involvement, interest, and retention of content.

Section II of this volume presents a case study in which a system
dynamics model is developed and applied in Paso del Norte, which
includes Dofia Ana County, N.M., El Paso County, Tex., and the
municipality of Ciudad Judrez, Chih. This case study explains the
structure of the system model with chapter-by-chapter, detailed
descriptions of the interrelated sectors of this binational commu-
nity.

In Chapter II-1, Forster outlines the narrative, or story, that
underlies the B+20 system model for the Paso del Norte region. This
narrative is founded on a historical overview of air basins, water-
sheds, regional economies, cultural contexts, human health issues,
and efforts toward binational cooperation. This chapter provides
background and context for the Paso del Norte human-environment
system and outlines how various components of the system are
dynamically interrelated in the B+20 model. An idealized map of the
Paso del Norte system model is presented and discussed in combina-
tion with anticipated scenarios for demographic, economic, and
environmental futures.

In Chapter II-2, Guhathakurta and Sadalla describe the structure
of the quality of life sector included in the B+20 model. They note
that at present, the quality of life sector in the model is an “output”
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or result indicator based on the parameters supplied by other sectors
of the same model. The quality of life sector of the model is limited
to those aspects of quality of life that have been empirically linked
to and derived from the other elements of the B+20 model. The
chapter describes the underlying model structure that links health
and health costs (as components of quality of life) to water supply,
water contaminants, and air quality.

Demographic change is one of the two most potent drivers (the
other being economy) in the B+20 model. Demographic changes in
a region have widespread, well-documented affects on other envi-
ronmental components and on quality of life. In Chapter 1I-3, Peach
provides a historical description of population growth and demo-
graphic change in El Paso and Ciudad Judrez. The chapter analyzes
various methods of population projection and describes the B+20
population model.

In Chapter II-4, Erickson begins a discussion of the economic
sector of the model with the assertion that “any model that seeks to
explain the interaction between human populations and the envi-
ronment must take into account economic activity. For a given pop-
ulation, the level of economic development will determine the
impact of human activity on the environment.” The B+20 model
supports this assertion in that economic changes are seen to have
widespread impacts on all other model sectors. In this chapter,
Erickson discusses the economy of the Paso del Norte region and its
relationship to national economies, business cycles, and the devel-
opment of the maquiladora industry. Assumptions underpinning the
basic structure of the economic sector are specified.

Paso del Norte is an arid region with little rainfall and high evap-
oration rates. In Chapter II-5, Forster and Hamlyn describe water
availability and water use in the region. The chapter describes the
specific ways in which water is obtained from the hydrologic system
and used in urban and agricultural activities that, in turn, affect the
quality of life in Paso del Norte. Modeling the hydrologic system in
relation to other environmental components aids in understanding
the complexity of this resource base and allows the evaluation of
alternative development scenarios.
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The U.S.-Mexican border region consists of an environment with
a shared airshed, shared watersheds, and shared natural resources
that are managed by two different governmental and legal systems.
In Chapter II-6, Peiia and Fuentes analyze the legal and constitu-
tional framework of land use planning in the United States and
Mexico by examining the role and function of each level of govern-
ment. The chapter also focuses on water management schemes in
both countries. Understanding the water rights system is necessary
to identify the obstacles to sustainable water and land use policies
for the border that would enhance the quality of life of border resi-
dents. The chapter also includes a discussion of possible alternative
water management strategies in a binational region.

In the Paso del Norte air basin, airborne pollutants emitted from
each city mix with emissions from surrounding non-urban land and
circulate within a complex transborder air basin. In Chapter II-7,
Quintero Nufiez and Forster describe the attempt to model the
effects of future air quality conditions on economic activity, human
health, and quality of life in Paso del Norte. Current physical and
socioeconomic conditions in the region are described, as are air
quality standards, monitoring, and exceedences. The chapter
includes a discussion of potential future methods of managing the
shared airshed in the region.

Many people had a hand in developing this project. Craig Forster
was the project leader during its four-year duration and had the task
of keeping the project members organized, goal directed, and pro-
ductive. He was also responsible for integrating the model sectors
provided by individual teams into a coherent functioning model. In
addition to the team members who have authored chapters in this
volume, B+20 relied on the expertise of a number of consultants
who expended considerable time and energy on different compo-
nents of the project. Bill Grant of Texas A&M University advised
group members on modeling assumptions and effective modeling
procedures. Valuable conceptual and methodological input was pro-
vided during team meetings by Phil Emmi of University of Utah,
Christopher Brown of New Mexico State University, Jim Williams of
New Mexico State University, Ed Baldson of San Diego State
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University, Hector Arriola of Universidad Autonéma de Baja
California, Mike Kjelland of Texas A&M University, and Carlos
Rincén of Environmental Defense in El Paso.

The modeling team is also indebted to stakeholders and commu-
nity organizations that provided input and constructive advice con-
cerning the form of the final product. Tarla Rai Peterson and
Rebecca Royer from the University of Utah facilitated team meet-
ings and helped manage the complex social dynamics that occurred
when professionals from different academic disciplines were forced
to confront and try to understand the perspectives, theoretical ori-
entations, and goals of their colleagues. For the duration of the
project, D. Rick Van Schoik, as the Managing Director at SCERP,
provided both short-term guidance and a long-range perspective
concerning the ultimate goals and potential utility of B+20.

Additional SCERP staff who participated in the publication of
this volume include Gabriela Carrillo, Assistant Managing Director,
who provided Spanish translations, and SCERP’s Managing Editor,
Amy Conner, who edited and coordinated production. Universities
that participate in B+20 include University of Utah, San Diego State
University, Arizona State University, New Mexico State University,
Texas A&M University, University of Texas at El Paso, Universidad
Autonéma de Baja California, and Colegio de la Frontera Norte.
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Introduccidén

Este volumen reporta los resultados de un proyecto de investigacién
dirigida de un Consorcio de Investigacién y Politica Ambiental del
Suroeste (CIPAS), conocida como Proyecto Frontera Mids Veinte
Afios (F+20). Este proyecto multi-disciplinario y multi-institucional
fue disefiado para producir un sistema de modelo de dindmicas
basado empiricamente en el medio ambiente de la frontera de
México-Estados Unidos, el cual pudiera ser utilizado para guiar la
planeacién y la toma de decisiones. El objetivo principal para este
proyecto se deriva de la visién generada en 1999 en el primer
Instituto Fronterizo convocado por el CIPAS: Ayudar a los
tomadores de decisiones de la franja fronteriza a encontrar y preser-
var una calidad de vida satisfactoria para todos sus residentes y un
medio ambiente sustentable y saludable. En este orden de ideas,
F+20 fue disefiado para construir un esquema de trabajo de un sis-
tema de dindmicas basado en programas computacionales para
explorar futuras condiciones a lo largo de la frontera México-
Estados Unidos en una serie de futuros alternativos de 20 afios (de
allf el ndmero “20” en el proyecto F+20).

En adicién a una frontera internacional, México y los Estados
Unidos comparten cuencas de aire, cuencas de agua, fuentes de
energfa, comunidades metropolitanas, vinculos econémicos y rela-
ciones de transporte. La relacién entre humanos y el medio ambiente
en la regién fronteriza estd influenciada de factores locales fuera de
la regién. Algunas de los influencias externas incluyen las economias
nacionales de México y los Estados Unidos, y las leyes y estructuras
reglamentarias generadas por los gobiernos nacionales respectivos.

Después de un esfuerzo de cuatro afios, F+20 ha creado un mod-
elo de sistema de dindmicas que puede ser usado como una her-
ramienta de apoyo a decisiones para evaluar las consecuencias de
cursos de accién diferentes en la regién fronteriza. El modelo de sis-
tema de dindmicas cuantifica las relaciones entre diferentes compo-
nentes del comportamiento humano y del medio ambiente. El
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modelo incluye los siguientes componentes: poblacién, economia,
energia, calidad del aire, suministro y calidad de agua, uso de suelo,
y calidad de vida humana. El modelo une a cada factor ambiental y
proporciona lazos de retroalimentacién para que los efectos gen-
erales del cambio de cualquier componente de cualquier factor
puedan ser evaluados. Debido a que el modelo puede proyectar alter-
nativas de futuros, permite a los tomadores de decisiones pregun-
tarse “que si” y evaluar las consecuencias potenciales de diferentes
opciones de politicas.

Este volumen comprende dos secciones. La Seccién I delimita los
fundamentos tedricos y empiricos usados para desarrollar el modelo
de sistema de dindmicas para diferentes ubicaciones geogrificas a lo
largo de la frontera México-Estados Unidos. Esta seccién explica el
enfoque del modelado de sistemas de pensamiento con referencias
especificas a condiciones afectando las interacciones humano-ambi-
entales en la regién fronteriza. Adicionalmente, la Seccién I propor-
ciona una informacién a escala-fronteriza sobre cémo evaluar y
modelar los temas de la calidad de vida, de esquemas de trabajo
institucionales y de consideraciones de energfa.

En el Capitulo I-1, Forster y Cleveland proporcionan una visién
general del proyecto F+20. Describen los objetivos del proyecto, las
condiciones ambientales generales en la regién del Paso del Norte, y
la l6gica de usar un enfoque de sistema de dindmicas. Este capftulo
también proporciona los antecedentes necesarios para entender los
fconos y suposiciones aplicados en el programa objetivo-orientado y
disponible comercialmente de STELLA®, que fue usado para crear el
sistema de modelo de dindmicas real.

F+20 estd basado en la suposicién validada que el cambio en un
componente de un sistema ambiental producird cambios generales
en otras partes del sistema. Un sistema ambiental también incluye a
los humanos que viven en la regién ya que los humanos reaccionan
a los cambios ambientales, y a través de su actividad, causan cambios
ambientales. Dos de los elementos mds potentes en el modelo
F+20—Ila economia y la demografia—son esencialmente modelos de
conducta humana. En el Capitulo I-2 Sadalla, Guhathakurta, y
Ledlow discuten los efectos de los cambios ambientales en la calidad
de vida humana y en el buen estado humano. Este capitulo discute
los problemas conceptuales y metodolégicos involucrados en la
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operacién del concepto de de la calidad de vida, y analiza extensiva-
mente la literatura empirica que une los elementos del medio ambi-
ente (tales como la calidad del aire, calidad del agua, transporte,
economia, y tamafio de la poblacién) a la calidad de vida.

En el Capitulo I-3, Pena, Fuentes, y Forster proporcionan una
descripcién histérica del cambio del uso del suelo en el Paso del
Norte. Se proporciona también una descripcién histérica del crec-
imiento de El Paso y Ciudad Judrez. El Paso del Norte es una regién
que ha sido caracteristica del crecimiento urbano y de desorgani-
zacién urbana. El proyecto F+20 ha sido disefiado como una her-
ramienta de proyeccién que permitiria al usuario crear diferentes
escenarios de crecimiento urbano por un periodo de tiempo de 20
afios, y explorar las consecuencias ambientales y econémicas de cada
escenario. El modelo de uso del suelo de el Paso del Norte fue dis-
efiado para explorar cdmo el proceso econédmico y de desarrollo
provoca la demanda de tierra urbana para propésitos residenciales,
industriales, comerciales y de transporte.

Van Schoik, Conner, y Lelea discuten en el Capitulo I-4 temas
relacionados con el uso sustentable del agua en la regién fronteriza.
Debido a su clima drido, la historia de esta regién (como en la
mayor parte del oeste de los Estados Unidos) involucra una serie de
conflictos sobre el agua. En este capitulo, los autores notan que tales
conflictos serdn agravados por el crecimiento de la poblacién y que
las soluciones a los conflictos sobre el agua tendrdn efectos generales
en la produccién de energfa, biodiversidad, economias regionales, y
en la salud de los residentes. El capitulo proporciona una discusién
sensible sobre las complejidades de la administracién del agua a lo
largo de la frontera y discute los problemas que las instituciones
binacionales (tales como la Comisién Internacional de Limites y
Aguas, la Comisién de Cooperacién Ambiental Fronteriza, y el
Banco de Desarrollo de Norte América) han tenido al lidiar con
temas actuales de agua. El capitulo concluye con una discusién sobre
mecanismos innovadores que pudieran improvisar a largo plazo la
administracién de este recurso escaso.

Debido al reciente y proyectado crecimiento de la poblacién en la
regién fronteriza, existe una creciente demanda por fuentes ambien-
talmente sensibles y sustentables de energia. En el Capitulo I-5,
Sweedler, Quintero Nufiez, y Collins discuten temas significantes de
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energia que confrontan a la regién binacional. El capitulo explora el
surtido complejo de diferentes estructuras regulatorias en los
Estados Unidos y aquéllos evolucionando en México. Los problemas
en el desarrollo de una infraestructura transfronteriza asociados con
el gas natural y con la transferencia de energia son discutidos como
parte de la pregunta general de cémo desarrollar los mecanismos reg-
ulatorios ya administrativos necesarios para planear y coordinar
temas relacionados con la energfa en la regién binacional.

El modelo de sistema de dindmicas F+20 originalmente fue desar-
rollado como una herramienta que permitirfa a las personas con
intereses especificos explorar futuras implicaciones ambientales y de
la calidad de vida de las decisiones de politica en la regién fronter-
iza de México-Estados Unidos. Al tomar forma el modelo, fue obvio
que también podria ser usado en los salones de clase para ilustrar
principios aplicables a una amplia gama de ambientes urbanos. En el
Capitulo I-6, Sadalla, Ledlow, y Guhathakurta sugiere que este mod-
elo estd especialmente disefiado para la ensefianza de conceptos de
dreas emergentes de “ciencia sustentable”, y para la ensefianza de sis-
temas de pensamiento en relacién con los temas ambientales. El uso
del modelo F+20 promueve una apreciacién de las consecuencias
generales de cambiar una parte del sistema de dindmicas y promueve
el enfoque de aprendizaje activo a la educacién que ha demostrado
realzar la participacién e interés de los estudiantes asi como la reten-
cién del contenido.

La Seccién II de este volumen presenta una caso en el cual se
desarrolla y aplica un modelo de sistema de dindmicas en las ciu-
dades hermanas de la regién fronteriza del Paso del Norte, que
incluye Las Cruces, N.M., El Paso, Tex., y Ciudad Judrez, Chih. Este
caso explica la estructura del modelo de sistema con descripciones
detalladas de cada capitulo sobre los sectores interrelacionados de
una comunidad binacional de ciudad-hermana.

En el Capitulo II-1, Forster delimita la narrativa o historia que
subraya el modelo de sistema de F+20 para la regién del Paso del
Norte. Esta narrativa estd fundamentada en una visién general
histérica de cuencas de aire, cuencas de agua, economias regionales,
contextos culturales, temas de salud humana, y esfuerzos hacia la
cooperacién binacional. Este capitulo proporciona un antecedente y
contexto para el sistema humano-ambiente del Paso del Norte y
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delimita como varios componentes del sistema estdn interrelaciona-
dos dindmicamente en el modelo de F+20. Un mapa ideal del mod-
elo de sistema del Paso del Norte se presenta y discute en
combinacién con escenarios anticipados para futuros demogrificos,
econédmicos y ambientales.

En el Capitulo II-2, Guhathakurta y Sadalla describen la estruc-
tura del sector de la calidad de vida incluida en el modelo de F+20.
Notan que hoy en dfa, el sector de la calidad de vida en el modelo es
un indicador de salida de informacién basado en los pardmetros pro-
porcionados por otros sectores del mismo modelo. El sector de la
calidad de vida del modelo estd limitado para aquellos aspectos de la
calidad de vida que han sido unidos empiricamente a otros elemen-
tos del modelo F+20. El capitulo describe la estructura subyacente
del modelo que une a la salud y al costo de la salud (como compo-
nentes de la calidad de vida) al suministro y contaminantes del agua,
y a la calidad del aire.

El cambio demogrifico es uno de los dos conductores mis
potentes (el otro siendo la economia) en el modelo del F+20; los
cambios demogrédficos en una regién afectan de manera general y
documentada a otros componentes ambientales y a la calidad de
vida. En el Capftulo II-3, Peach proporciona una descripcién
histérica del crecimiento de la poblacién y del cambio demogrifico
en El Paso y Ciudad Judrez. El capitulo analiza varios métodos de
proyeccién de la poblacién y describe el modelo de poblacién de
F+20.

En el Capitulo II-4, Erickson comienza una discusién del sector
econémico del modelo afirmando que “cualquier modelo que busca
explicar la interaccién entre la poblacién humana y el medio ambi-
ente debe tomar en cuenta la actividad econédmica. Para cualquier
poblacién, el nivel de desarrollo econémico determinard el impacto
de la actividad humana en el medio ambiente. “El modelo F+20
apoya esta afirmacién en cuanto que los cambios econémicos han
generado impactos generales en los demds sectores del modelo. En
este capitulo, Erickson discute la economia de la regién del Paso del
Norte y su relacién con las economias nacionales, ciclos de negocios,
y el desarrollo de la industria de la maquiladora. De igual manera se
especifican las suposiciones que apoyan la estructura bdsica del sec-
tor econémico.
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El Paso del Norte es una regién 4rida con poca lluvia y alto indice
de evaporacién. En el Capitulo II-5, Forster y Hamlyn describen la
disponibilidad y uso del agua en la regién. El capitulo describe las
formas especificas de obtencién del agua a través de sistemas
hidrolégicos y la manera en que es usada en actividades urbanas y
agricolas que a su vez, afectan la calidad de vida en el Paso del
Norte. Modelar el sistema hidrolégico en relacién con otros compo-
nentes ambientales, ayuda a entender la complejidad de esta base de
recurso y permite la evaluacién de escenarios de desarrollo alterna-
tivos.

La regién fronteriza México-Estados Unidos consiste de un medio
ambiente comunal con una cuenca de aire, cuenca de agua, y recur-
sos naturales compartidos que son administrados por dos diferentes
sistemas legales y gubernamentales. En el Capitulo II-6, Pena y
Fuentes analizan el marco legal y constitucional de la planeacién del
uso de suelo de México y los Estados Unidos al examinar el papel y
funcién de cada nivel de gobierno. El capitulo también se enfoca en
esquemas de administracién del agua en ambos paises. Es necesario
entender marco juridico del agua para poder identificar los obstdcu-
los del agua sustentable y de las politicas de uso de suelo para la
frontera que pudiera realzar la calidad de vida de los residentes fron-
terizos. El capftulo también incluye una discusién de posibles alter-
nativas de estrategias de administracién del agua en una regién
binacional.

En la cuenca de aire del Paso del Norte, los contaminantes aero-
transportados fueron emitidos por cada mezcla de ciudades con emi-
siones de tierras vecinas no urbanas y circulan dentro de una cuenca
de aire transfronteriza compleja. En el Capitulo II-7, Quintero
Nufiez y Forster describen el intento de modelar los efectos de
futuras condiciones de la calidad del aire sobre la actividad
econémica, salud humana, y sobre la calidad de vida del Paso del
Norte. Se describen condiciones fisicas y socioeconémicas actuales
en la regién, asf como también se describen los estdndares de la cal-
idad del aire, el monitoreo y los excesos. El Capitulo incluye una
discusién de futuros métodos potenciales de administracién de la
cuenca de aire compartida de la regién.
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Muchas personas han contribuido al desarrollo de este proyecto.
Craig Forster fue el lider del proyecto durante sus quatro afios de
duracién y tuvo la tarea de mantener a los miembros del proyecto
organizados, productivos y orientados al objetivo. También fue
responsable de integrar los sectores del modelo coherente y fun-
cional. En adicién a los miembros del grupo que han sido autores de
Capitulos en este volumen, F+20 se apoyé en la experiencia de un
ntimero de consultores que aportaron tiempo y energia considerable
en diferentes componentes del proyecto. El Bill Grant de Texas
A&M University asesoré a miembros del grupo en suposiciones de
modelado y procedimientos de modelado efectivo. Informacién
valiosa y conceptual fue proporcionada durante las reuniones de de
trabajo por el Phil Emmi de la Universidad de Utah, el Jim Williams
de la Universidad Estatal de Nuevo Mexico, el Ed Baldson de la
Universidad Estatal de San Diego, el Héctor Arriola de la
Universidad Auténoma de Baja California, el Mike Kjelland de
Texas A&M University, y el Carlos Rincén de la Defensa Ambiental
en El Paso.

El grupo de modelado también estd endeudado con las personas
interesadas y organizaciones comunitarias que proporcionaron infor-
macién y asesorfa constructiva en torno a la forma del producto
final. La Tarla Rai Peterson y Rebecca Royer de la Universidad de
Utah facilitaron las reuniones de trabajo y ayudaron a administrar
las dindmicas sociales complejas que ocurrieron cuando profesion-
ales de diversas disciplinas académicas fueron forzados a confrontar
y tratar de entender las perspectivas, orientaciones tedricas, y los
objetivos de sus colegas. Por la duracién del proyecto, D. Rick Van
Schoik, como Director del CIPAS, proporciond orientacién en un
corto plazo y perspectiva amplia en torno a los objetivos primor-
diales y en la publicacién de este volumen.

Otro personal del CIPAS que participé en la publicacién de este
volumen incluye a Gabriela Carrillo, Subdirectora del Consorcio,
quien proporcioné traducciones al espafiol, y la Directora de
Edicién, Amy Conner, quien edité y coordiné la produccién.

Entre las universidades que participaron en F+20 se incluyen la
Universidad de Utah, la Universidad Estatal de San Diego, la
Universidad Estatal de Arizona, la Universidad Estatal de Nuevo
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Mexico, Texas A&M University, la Universidad de Texas en El Paso,
la Universidad Auténoma de Baja California, y el Colegio de la
Frontera Norte.
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Dynamics of Human-Environment
Interactions in the U.S.-Mexican

Border Region

Craig B. Forster and Natasha L. Cleveland

ABSTRACT

The Border Plus Twenty Years (B+20) Project makes possible the
exploration of the consequences of alternative “what-if” scenarios in
the U.S.-Mexican border region. The project team developed a com-
puter-based modeling framework for supporting interdisciplinary,
bilateral decision-making in the region. The goal of the B+20 team
is to provide a modeling framework for decision-making that will
increase the likelihood of improved transborder cooperation and
help lead to a sustainable future for those living along the U.S.-
Mexican border.

The modeling framework provides a series of “micro-borderlands”
where alternative policy options can be explored, via the computer-
based model, by framing a series of hypotheses or questions and
then using the model to quantitatively compare the consequences of
the various alternatives. This process provides a valuable framework
for the bilateral discussions needed among stakeholders and deci-
sion-makers planning the future of the border.
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Water availability and quality, air quality, human health, and
ecosystem health are key elements of the border’s human-environ-
ment system that suffer as a consequence of high population growth
rates and rapidly expanding urban areas. The dynamics of these
human-environment interactions can be explored using systems
thinking and system dynamics modeling approaches that quantita-
tively capture simplified versions of these complex interrelation-
ships.

An important advantage of system dynamics modeling approaches
is that the “stories” built into the resulting models can be traced by
users lacking advanced mathematical or modeling skills. The use of
object-oriented, commercially available system dynamics software
enables models to be constructed by linking stocks and flows in a
structure that reflects a holistic understanding of the system.

Over the past 30 years, many models have been created to study
single-city, regional, single-nation, and multi-national issues that
involve population growth, economic development, and the envi-
ronment. Quantitative models of human-environment dynamics in

binational borders, however, are lacking.

Dindmicas de Interacciones Humano-

Ambientales en la Frontera México-
Estados Unidos

Craig B. Forster y Natasha L. Cleveland

RESUMEN

El Proyecto Frontera M4s Veinte Afios (F+20) hace posible explorar
consecuencias de escenarios alternativos de “que si” en la regién
fronteriza de México-Estados Unidos. El grupo del proyecto desar-
rollé un esquema de trabajo de modelado basado en programas com-
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putacionales para apoyar la toma de decisiones interdisciplinarias y
bilaterales en la regién. El objetivo del grupo F+20 es proporcionar
un modelo de esquema de trabajo para la toma de decisiones que
incremente la probabilidad de mejorar la cooperacién transfronter-
iza y que ayude a llegar a un futuro sustentable para quienes viven a
lo largo de la frontera México-Estados Unidos.

El modelo del esquema de trabajo provee una serie de “micro-
limites fronterizos” en los que se pueden explorar opciones de politi-
cas alternativas, via el modelo armando una serie de hipédtesis o
preguntas y usando el modelo para comparar cuantitativamente las
consecuencias de las diversas alternativas. Este proceso proporciona
un esquema valuable para las discusiones bilaterales requeridas entre
las personas interesadas y los tomadores de decisiones que planean el
futuro de la frontera.

La calidad y disponibilidad del agua, la calidad del aire, la salud
humana, y la salud del ecosistema son elementos claves del sistema
humano-ambiental de la frontera que sufre como consecuencia del
gran crecimiento de la poblacién y del répido crecimiento de las
dreas urbanas.

Las dindmicas de estas interacciones humano-ambientales pueden
ser exploradas usando sistemas de pensamiento y enfoques de mode-
lado de sistemas de dindmicas que capturen cuantitativamente ver-
siones simplificadas de estas complejas interrelaciones.

Una ventaja importante del enfoque de modelado de sistema de
dindmicas es que las “historias” construidas hacia los modelos resul-
tados pueden ser rastreadas a través de usuarios sin habilidades
matemdticas o de modelado. El uso de programas de sistema de
dindmicas comercialmente disponibles y orientadas al objeto, per-
mite la construccién de modelos al unir las reservas y su trdnsito en
una estructura que refleje un entendimiento holistico del sistema.

Durante el transcurso de los pasados 30 afios, muchos modelos
han sido creados para estudiar factores municipales, regionales,
nacionales y multinacionales, que involucran el crecimiento de la
poblacién, el desarrollo econémico, y el medio ambiente. Sin
embargo, los modelos cuantitativos de dindmicas humano-ambien-
tales en las fronteras binacionales carecen de estos modelos.
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INTRODUCTION

How will human and ecological conditions look on the U.S.-
Mexican border 10 years, 20 years, and 30 years in the future? Will
quality of life improve if current policies and practices are contin-
ued, or are changes needed to improve border conditions? In pon-
dering the future of the border region, would it help to explore
alternative futures by playing “what if” games that test possible out-
comes of proposed strategies? The Border Plus Twenty Years (B+20)
Project is designed to provide such an environment for enabling the
exploration of the consequences of alternative “what if” scenarios in
the U.S.-Mexican border region.

The B+20 Project team developed a modeling framework for sup-
porting interdisciplinary, bilateral decision-making in the U.S.-
Mexican border region, which measures 3,200 kilometers (km) in
length and 200 km in width (Figure 1). The principal goal for this
effort is derived from the vision statement generated at the first

Border Institute convened by the Southwest Consortium for
Environmecntal Rescarch and Policy (SCERP) (1999): To aid border

decision-makers in finding ways to maintain a satisfactory quality of
life for all residents and a healthy, sustainable natural environment.
To this end, the B+20 Project is tasked with providing a framework
for exploring future conditions for a series of alternative 20-year
futures—hence the “20” in the project name “Border+20.” As rec-
ommended by Kinsley, Lovins, and Spalding (2002), the team uses a
systems thinking approach to map key elements of the border
human-environment system and build system dynamics models that
quantitatively represent complex links, flows, and feedbacks
between and within system elements.

The goal of the B+20 team is to provide a modeling framework
for decision-making that will increase the likelihood of improved
transborder cooperation and help lead to a sustainable future for
those living along the U.S.-Mexican border. The modeling frame-
work provides a series of “micro-borderlands” where alternative pol-
icy options can be explored by framing a series of hypotheses or
questions, then using the model to quantitatively compare the con-
sequences of the various alternatives. Possible questions of interest
to border stakeholders and decision-makers include the following:
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1. How should limited financial resources be expended in
attempting to maintain and improve quality of life on the
U.S.-Mexican border? For example, can stringent water con-
servation and recycling efforts postpone capital investments in
central water treatment plants to release the funds needed to
ensure that all households are connected to a potable water
supply? Or, would the available funds perhaps have maximum
beneficial impact on quality of life in the border’s twin cities
if they are instead used to pay for the technological or trans-
portation infrastructure improvements needed to reduce air
pollutant emissions?

2.1If funds available to a twin city for infrastructure develop-
ment could be spent anywhere without their use being
restricted to one side of the border or the other, how might
the funds be used to maximum advantage? For example, how
might taxes collected from Mexican shoppers in U.S. retail
stores be redirected to improve conditions in the Mexican
communities where shoppers live?

3. Options for increasing border urban water supplies include
transferring water currently used by border agriculturalists to
border urban centers. What economic consequences might
result in cases where agricultural operations underpin the
local economy? How should uncertainties about water avail-
ability in future climate regimes, combined with transborder
differences in institutions that control water rights, be
accounted for when designing and implementing future poli-
cies for water transfers?

4.Border twin cities typically share common airsheds and simi-
lar air quality. Given a common interest in improving air
quality, what mix of emission reduction policies might be
implemented on each side of the border to obtain the best air
quality outcomes? For example, what are the relative merits of
reducing emissions from brick kilns through technological
improvement, paving unpaved roads to reduce particulate
emissions, reducing border wait times through changes in U.S.
border security procedures, or reducing the age of the vehicle
fleet through vehicle purchase incentive plans?
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Well-defined answers to the above questions are unlikely to be
found because uncertainty about the future abounds, data are
sparse, and relationships between human health and environmental
conditions are difficult to identify, much less quantify. Yet, the
process of building model structures that represent the factors
involved, combined with the ability to quantitatively compare the
implications of alternative policy options, provides a valuable
framework for the bilateral discussions needed among stakeholders
and decision-makers planning the future of the border.

TRANSBORDER ISSUES AND CHALLENGES IN
THE U.S.-MEXICAN BORDER REGION

The 3,200 km U.S.-Mexican border spans the North American con-
tinent with 14 principal twin-city communities distributed along it.
The total population in the U.S. border region is 6.3 million; the
highest county population—2.8 million—is in the west coast county
of San Diego, Calif. A total of 5.6 million people live in the
Mexican border region; the highest municipio (the Mexican equiva-
lent of a U.S. county) population is in Tijuana, B.C., San Diego’s
twin city, which has 1.3 million people. The rapid population
growth the border is currently experiencing leads to projected 2020
populations of 8.7 million and 10.0 million in the U.S. and
Mexican border regions, respectively (Peach and Williams 2004).
Thus, the current total border population of approximately 11.9
million people is likely to increase by more than 60% to 18.7 mil-
lion in 2020.

Most population growth will occur in the existing transborder
twin cities where intense interaction between human activity and
the environment is concentrated. At the same time, long, desolate
stretches of desert between the principal twin cities are essentially
unpopulated, leading to significant difficulties in restricting the
illegal flows of people and drugs from Mexico to the United States.
The tremendous rate of population growth in the border region is
derived from moderate natural population increase, combined with
people migrating to work in the economically attractive border
region (Peach and Williams 2000).
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Geographic conditions vary substantially along the border. High,
north-south-oriented mountain ranges in the western border region
separate border communities located at elevations ranging from sea
level (at both coastal and inland communities) to 1,234 meters (m).
In the east, community elevations are generally less than 300 m
above sea level. The border region has semi-arid to arid desert cli-
mates. Precipitation ranges from less than 10 centimeters (cm) per
year in some inland communities to 70 cm per year on the east
coast. With the exception of the west coast communities of San
Diego and Tijuana, annual average maximum temperatures are about
29°C and average minimum temperatures measure nearly 16°C.
Cooler temperatures on the west coast yield an annual average max-
imum of 21°C and an average minimum of 14°C in San Diego and
Tijuana. The specter of future natural and anthropogenic climate
variability suggests that declining precipitation rates and increasing
temperatures may cause additional stress on border water supplies,
energy sources, natural resources, and ecosystems. Yet, knowledge of
future climatic conditions is highly uncertain, thus decision-making
must account for how a range of possible climates in the future
might affect human-environment dynamics on the border.

Economic growth stimulated by border attributes, such as attrac-
tive differences in wages and enforcement of environmental laws,
has been substantial since the 1940s (Peach and Williams 2000). In
1994, implementing the North American Free Trade Agreement
(NAFTA) between Canada, the United States, and Mexico further
stimulated economic growth. Unfortunately, the conditions that
stimulate economic growth at the border have yielded low per capita
incomes and high unemployment rates when compared to elsewhere
in the United States. Although per capita incomes in the Mexican
border communities are much greater than elsewhere in Mexico,
Mexican border minimum wages are approximately 10% of their
U.S. twin-city counterparts (Peach and Williams 2000). High rates
of economic and population growth coupled with low incomes has
meant that many environmental problems have developed in the
U.S.-Mexican border region because public financial resources can-
not meet rapidly expanding infrastructure needs. The current U.S.
economic recession, combined with increasing attractiveness of low
wages in countries such as China, raises concerns that the border’s
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economic expansion of past decades may slow while the border pop-
ulation continues to grow. Economic stagnation in the border region
would exacerbate current environmental problems and deteriorating
human quality of life because access to the funding needed for infra-
structure development will be further eroded.

Water availability and quality, air quality, human health, and
ecosystem health are key elements of the border’s human-environ-
ment system that suffer as a consequence of high population growth
rates and rapidly expanding urban areas. In the arid climate of the
border region there is increasing competition for the scarce water
resources needed for human consumption, agricultural production,
industrial activity, and ecosystem health. Average per capita water
use in the U.S. border region (615 liters per capita per day) is
approximately 41% greater than that of the Mexican border region
(435 liters per capita per day) (Westerhoff 2000). Because water use
is correlated with standard of living, efforts to improve the quality
of life in the border region could lead to an increase in average per
capita rates of water use, unless counteracting measures such as effi-
cient water conservation and recycling are introduced. Bilateral
planning for efficient water use and system-wide wastewater treat-
ment is required if twin cities are to develop a sustainable water sup-
ply future while also reducing the prevalence of water-borne disease.
Ultimately, border population growth and its consequences will be
concentrated in and around twin cities. Thus, it is important to
develop a systemic understanding of urban ecosystems in general
(Nilon, et al. 2003) and border urban ecosystems in particular.

Non-enforcement of environmental regulations, or inadequate
regulations, in some Mexican border communities allows excessive
air pollution, which in turn causes the air quality in some twin cities
to exceed U.S. national standards, despite relatively low emissions

from the U.S. side. Imaginative approaches are needed to develop
cost-effective reductions in the binational air emissions that affect

quality of life and human health on both sides of the border.
Natural ecosystems in the border’s desert environments have been
severely punished by human activity. Yet in many cases, well-man-
aged desert ecosystems can provide cost-effective solutions to water
supply challenges encountered in human communities (Committee

on Sustainable Water Supplies for the Middle East 1999). For exam-
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ple, water supply development has eliminated many natural riparian
areas that at one time provided natural water treatment in addition
to habitat for indigenous flora and fauna. Artificial wetlands
recently constructed in eastern California’s Imperial Valley region
help remove the suspended solids introduced to surface water by the
irrigation runoff associated with agricultural activity. A systems
thinking and modeling approach will assist decision-makers in eval-
uating the relative merits of various options proposed to mitigate
the degradation of natural systems on the border and improve the
quality of life for people living in the U.S.-Mexican border region.

MODELING THE DYNAMICS OF HUMAN-
ENVIRONMENT INTERACTIONS

The dynamics of human-environment interactions at the U.S.-
Mexican border can be explored using systems thinking and system
dynamics modeling approaches that quantitatively capture simpli-
fied versions of the aforementioned complex interrelationships.
Although all models are, by definition, simplifications of real sys-
tems, the process of developing and applying simplified quantitative
models of complex systems yields two key benefits:

e The process of building a quantitative model requires that all
system components and their links be formally evaluated for
their role and function in the system (this is not often accom-
plished with qualitative, descriptive models)

* A quantitative model provides a coherent framework for com-
paring the outcomes of alternative future scenarios proposed
for the system (without computed outcomes, clear compar-

isons cannot be made)

An important advantage of system dynamics modeling approaches
is that the “stories” built into the resulting models can be traced by
users lacking advanced mathematical or modeling skills. Thus, even
though the mathematical and numerical underpinnings cannot be
fully explored by all users, the fundamental assumptions made to
represent the model system can be readily reviewed and understood
by all users.

10
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A systems approach is valuable for exploring various aspects of
U.S.-Mexican border issues. For example, it is frequently noted that
infrastructure development in the water, sewer, housing, and trans-
portation sectors of the U.S.-Mexican border region is proceeding
too slowly to keep pace with the rapid population growth. Yet, it is
not clear where limited funding currently available for infrastruc-
ture development should be spent to obtain the greatest quality of
life benefits for the binational community. Suggestions made for
improving quality of life at the border include paving unpaved
roads, connecting houses to water supplies and sewers, increasing
sewage treatment capacity and the level of treatment, reducing brick
kiln emissions, reducing border wait times, conserving and recycling
water, eliminating aged personal and commercial vehicles from the
border fleet, and modifying housing development practices.
Implementing one or more of these strategies creates cost and qual-
ity of life implications that can ripple throughout the community to
create both intended and unintended consequences. The systems
thinking approach provides a conceptual framework for defining
how a system dynamics model should be structured. The resulting
models enable users from a range of backgrounds to anticipate the
possible nature and magnitude of the alternative outcomes, discover
unanticipated consequences, and assess which options might create
the greatest benefit for the least cost.

Systems Thinking and System Dynamics
Modeling

Systems thinking approaches enable the integration of scientific
principles with the environmental and sociological impacts of tech-
nology and policy. Deaton and Winebrake (2000) outline six char-
acteristics of systems thinking:
1.Systems thinking begins with a global description and moves
toward the specific. This is the opposite of traditional reduc-
tionist thinking where a researcher would first focus on unrav-
eling the detailed aspects of small components of a system
before attempting to resolve how the larger system operates as
an aggregate combination of the smaller components. On the
U.S.-Mexican border, the national-level transborder exchanges

1
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and interactions must be addressed before drilling down to
look in closer detail at how individual urban border commu-
nities operate. At the local scale, the interaction within trans-
border twin cities across a range of interrelated factors—
including population, economy, land use, transportation,
housing, water supply and quality, air quality, and quality of
life—must be accounted for, rather than focusing on only one
factor or one part of the twin city.

.Systems thinking focuses on dynamic processes. The behavior
of the system reflects ongoing change in the underlying
processes that drive system evolution. For example, changing
rates of migration to the border from elsewhere in Mexico
reflect changing local economic conditions in both the
migrants’ hometowns and in the border cities that, in turn,
reflect the dynamic evolution of the interrelated U.S. and
Mexican national economies.

.Systems thinking seeks a closed-loop explanation of how
things work. The boundaries of a system should be defined so
that the key bechaviors of the system are defined by processes
that operate within the boundaries. Some external factors are
often required to fully describe the operation of a system.
However, those factors should be few and exert only a small
impact on the behaviors of greatest interest. For example,
although the mechanics of national-level demographics of the
United States and Mexico must be considered in a border sys-
tem, the mechanics of global population growth can likely be
ignored.

.Systems thinking identifies feedback loops. A feedback loop
represents a closed-loop circle of cause and effect whereby
changes in one part of the system cause effects in other parts
of the system that then act to update and change conditions
in the original part of the system where the change was initi-
ated. For example, a rapidly growing population might cause
increased air pollutant emissions that ultimately lead to
increased death rates and a slowing of population growth.
This is a counteracting, or negative, feedback loop.
Meanwhile, road building associated with urban population
growth causes the urban area to expand at an ever-growing

12
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rate as construction of new road systems intended to reduce
traffic congestion enables commuters to travel progressively
greater distances between work and home while promoting
increased traffic congestion. This is a reinforcing, or positive,
feedback loop.

5.Systems thinking looks for checks, balances, and the potential
for runaway processes. Factors that control competing
processes can help either stabilize or destabilize a system. For
example, improving health conditions in a community can
lead to both increased birth rates and reduced death rates that
destabilize a community by producing increased rates of net
population growth. A systems thinker would search for ways
to improve health conditions while also searching for a mech-
anism to maintain birth rates at current or reduced levels.

6. Systems thinking focuses on causal relationships. Thus, the
systems thinker searches to define cause-effect relationships
rather than relying on apparent correlations where there is no
direct relationship between cause and effect.

A systems thinking approach is used to develop system dynamics
models by telling the stories that explain the system behaviors of
principal interest to decision-makers and stakeholders, then con-
verting the stories into their mathematical equivalent as supported
by on-the-ground data. Several aspects of the U.S.-Mexican border’s
story are outlined above. The stories are represented in model struc-
tures using the small suite of graphical icons commonly found in
system dynamics modeling software. For example, the population of
a border community can be viewed as a stock, or reservoir, of peo-
ple that increases, decreases, or stabilizes depending upon a variety
of interacting factors. Migration of people to or from the popula-
tion stock can be viewed as flows of people per unit of time. Births
and deaths can be viewed as flows of people into or out of the pop-
ulation stock. Flows of people can also increase, decrease, or stabi-
lize depending upon a variety of interacting factors. Migration of
people to the Mexican border region reflects both push and pull
forces that cause people to leave their homes elsewhere in Mexico in
search of a better economic future. Thus, economic activity induced
at the border through trade with the United States draws people to

13
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the border, while political unrest and the absence of economic
opportunity induce people to leave their homes elsewhere in
Mexico.

Other stocks and flows can be identified in the evolving border
story. Growth in the population “stock” is accompanied by growth
in the stocks of urban land area, road lane miles, vehicle miles trav-
eled, households, personal vehicles, commercial vehicles, sewage
treatment plants, maquiladoras, water treatment plants, and air pol-
lution sources. Accumulations in and dissipations from each stock
are controlled by the material “flows” of people, money, vehicles,
water, and goods that are affected by changing dynamics in eco-
nomic activity, birth/death/migration rates, urban development pat-
terns, infrastructure development, tax structures, border security,
and climate.

The use of object-oriented, commercially available system
dynamics software (such as STELLA®, Powersim®, and Vensim®)
enables models to be constructed by linking stocks and flows in a
structure that reflects a holistic understanding of the system. This is
best performed in a group model-building activity so that pcople
with different backgrounds can contribute the varied perspective
and understanding required to make appropriate links both within
and between disparate model elements. A sample model structure
for a simple border population model is shown in Figure 2. Stocks
are represented as rectangular icons and flows are represented by
water tap icons. The cloud-like icon at the end of the water tap rep-
resents the exogenous source, or sink, of flowing material (e.g., peo-
ple) that need not be explicitly accounted for in the model.
Information indicating the magnitude of the flows and computed
results of system evolution are represented as circular converters. A
variety of simple-to-complex relationships can be represented by
equations contained within the converter icons. Soft information
based on qualitative understanding of the system, or possible
impacts of policy interventions, can be included in the model struc-
ture using graphical relationships that represent how experts in that
disciplinary area think the specific system element might operate.
The arrow-shaped information connectors transfer computed infor-
mation from one icon to another.

14
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Figure 2. A Simple System Model Structure for
Tracking the Evolution of Demographic Change in
the U.S.-Mexican Border Region

Average Border Average Border

Birth Rate Border Death Rate

Population

@ r > O X

Border Births Border Deaths

To U.S. from Border

From Mexico to Border o 8
Migration Drivers

Migration Drivers Border
In-Migration
Note: The stock of Border Population is affected by flows of people into (Border
Births, Border In-Migration) and out of (Border Deaths) the population stock. Model

structure created using STELLA®.
Source: Authors

In Figure 2, the number of people in the stock of Border
Population is affected by migration flows, deaths, and births. An
exogenous source of babies generated according to the Average
Border Birth Rate leads to the flow of newborns into the population
stock. An exogenous sink of decedents controlled by the Average
Border Death Rate accommodates the flow of deceased from the
population stock. Although not explicitly shown in Figure 2, both
birth rates and death rates vary as a function of time due to chang-
ing demographic trends. For example, implementing policies that
lead to improved health conditions might produce reduced death

rates while improved educational attainment policies might produce
reduced birth rates. The border migration drivers differ depending

on whether one is considering the arrival of Mexican nationals from
elsewhere in Mexico to the border or the departure of U.S. and
Mexican nationals from the border to other locales in the United
States. This differential perspective is required because the Mexican
border region has greater economic opportunity than most other
places in Mexico. In contrast, the U.S. border generally has less eco-
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nomic opportunity than most other places in the United States.
Ultimately, migration drivers will vary through time as local eco-
nomic conditions change in response to national-level economic
changes in both the United States and Mexico. This aggregate view
of the evolving border population is represented by using birth rates
and death rates averaged for both U.S. and Mexican population
cohorts. In addition, neither age nor gender differences are
accounted for in this simple, aggregated model of the evolving bor-
der population. This issue will be revisited in a subsequent discus-
sion of the population sectors incorporated into the B+20 model
(Chapter I1-3).

A more evolved model structure is shown in Figure 3 to represent
the fact that the B+20 team was interested in studying the popula-
tion dynamics of individual border communities of El Paso, Tex.-
Ciudad Judrez, Chih., San Diego-Tijuana, and Mexicali,
B.C.-Calexico, Calif., where local conditions that affect quality of
life can be explored. Although modeling the entire border may be
valuable to explore certain broad-scale questions, such a model can-
not help explore the questions that typically arise as people try to
respond to the dynamics of change in the specific airshed and water-
shed of a border twin city. Thus, two parts of a twin city are repre-
sented in Figure 3—the U.S. city and the Mexican city. Although
the basic structure is unchanged from the aggregate border popula-
tion model of Figure 2, new structural elements are introduced to
account for differences in birth and death rates in each city and to
represent the various factors that cause people to migrate to and
from the twin cities, either between the cites or to and from else-
where in the United States and Mexico. The model structure shown
in Figure 3 has a number of features in common with the local pop-
ulation sector of the Paso del Norte system model outlined in detail
in Section II. Other sectors of the Paso del Norte model that affect,
or are affected by, the population sector include national and local
economies, land-use, transportation, water supply, water demand,
air quality, national populations, and infrastructure development.
The resulting Paso del Norte model is an integrated model of popu-
lation growth, economic development, and environmental change
that has attributes in common with other models developed to
explore relationships at single-city, regional, single-nation, multi-

16
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nation, and global scales. Previous integrated models, however, have
not attempted to explicitly account for the human-environment
dynamics of border twin cities.

If completed as functional system dynamics models, the icon
structures shown in Figures 2 and 3 would lead to a system of non-
linear, ordinary differential equations that are solved simultaneously
using standard numerical methods. It is important to note that the
object-oriented programming language used to create the icon struc-
tures shown in Figures 2 and 3 enables the stories of diverse stake-
holders and decision-makers to be incorporated into a model
without requiring a detailed understanding of the underlying math-
ematics and numerical techniques. The ability to readily confirm
that the stakeholder’s stories are incorporated in the model enhances
the probability that the model results will be used in policymaking.
It is critical, however, that at least one person in the model devel-
opment team have this understanding in order to ensure that the
final model structures produce reasonable computed results.

Models of Human-Environment Dynamics

Over the past 30 years, many models have been created to study sin-
gle-city, regional, single-nation, and multi-national issues that
involve population growth, economic development, and the envi-
ronment. Quantitative models of human-environment dynamics in
binational borders, however, are lacking. The B+20 project team has
been building on the experience of previous modeling efforts to cre-
ate a new suite of models specifically tuned to the interrelated social
and environmental complexities found in the U.S.-Mexican border
region. Several integrated models of population, development, and
environment are briefly outlined to help explain the approach
adopted by the B+20 project team. A subsequent section describes
how the systems thinking and modeling approach underlying these
models can be used to capture the interrelationships and complexi-
ties of human-environment dynamics in the U.S.-Mexican border
region.

Sanderson (1994) and Lutz, et al. (2002a) provide useful sum-
maries of several population, economy, and environment modeling
studies. The most notable, or perhaps notorious, of these models is
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the World3 system dynamics model produced by Meadows, et al.
(1972) for the Club of Rome. Developed to explore issues of global
sustainability over a century, this system dynamics model contains
separate sectors that represent global population, pollution,
resources, agriculture, and capital. Meadows, et al. (1972) explored
alternate futures under different conditions of total food supply,
total resource base, and the ability of technology to improve pro-
duction and efficiency. Computed outcomes based on business-as-
usual scenarios typically show a collapse of global population and
industrial capacity sometime within the 100-year projection time
period because the population would grow beyond a level that could
be sustained by projected food availability. Twenty years into the
100-year projection period, Meadows, et al. (1992) note that there
is little evidence that the attitudes and policies needed to control
growth and reduce the likelihood of a global collapse have been
adopted. Key intervention strategies suggested by the World3 model
would involve slowing growth and improving technology at rates not
currently being attained. Unfortunately, at the global scale, many of
the parameters needed to constrain the World3 model are unknown
and unknowable (Sanderson 1994). Furthermore, the lack of speci-
ficity leads to overly general results that are difficult to interpret
and incorporate in policy recommendations. Because changes in
model parameters create a range of possible outcomes, the model
user may create any desired outcome by changing pertinent parame-
ters (Meadows, et al. 1992; Sanderson 1994). This non-specificity
led to significant debate about the plausibility of the outcomes indi-
cated by the World3 model. Although widely criticized, the World3
model provides valuable insight by graphically illustrating how the
global system might operate under different future growth scenarios.

Location-specific models lead to less debate because the models
are more closely tied to reality and are based on parameters specific
to the modeled region. Because the results from such models are
more credible and meaningful to stakeholders, they provide valuable
support for policymaking. This is the intent in focusing the B+20
project team on border twin cities, rather than modeling pan-border
processes. Sanderson (1994) and Lutz, et al. (2002a) outline several
location-specific models developed to explore relationships and
interactions between population, the economy, and the environ-
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ment. Soon after the World3 model results were published
(Meadows, et al. 1972), Picardi (1974) developed and applied a
suite of models to study the effects of past and potential future poli-
cies on sustainable development in a portion of the Sahel in Niger,
where the inhabitants depend on livestock for food and other pur-
poses. The model provides valuable support for policymaking
because the abrupt economic and environmental collapse experi-
enced in the region during the early 1970s was mimicked by the
overshoot and collapse behavior computed by the model.
Explorations made with the model indicate that the collapse
occurred through unsustainable use of common grazing land, rather
than as a direct consequence of a severe drought, though the timing
of the drought influenced the timing of the collapse. In addition,
the model results show that interventions implemented to improve
conditions ultimately worsened the effects of the drought. Finally,
Picardi (1974) shows that progressive elimination of the interven-
tions over several decades would produce better conditions than if
the interventions were retained.

During the 1990s, the International Institute for Applied Systems
Analysis (IIASA) completed a series of modeling case studies on
Mauritius, Cape Verde, and the Yucatan peninsula, as well as in
Botswana, Mozambique, and Namibia using variants of the Excel-
based PEDA (Population, Environment, Development, Agriculture)
model (Lutz, et al. 2002b). Although many site-specific aspects of
the model studies differ, all include a population framework that
distinguishes age, sex, and education while focusing on the interac-
tions between changes in population size and distribution, natural
resource degradation, agricultural production, and food security
(Lutz and Scherbov 2000). The PEDA models have been used to
explore well-defined questions of critical interest to stakeholders
and decision-makers from each region. In each case, valuable
insights were obtained that aid policymakers in planning for the
future. These successes suggest that similar success can be obtained
by exploring well-defined U.S.-Mexican border questions using
appropriately crafted system dynamics models within a community
engagement context.
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THE BORDER+20 PROJECT
A Systems View of the U.S.-Mexican Border

The principal elements of a binational, human-environment system
model are shown in Figure 4. Changes in national populations and
economies drive change in two twin cities that, in turn, interact
through a common border community. Ultimately, local changes in
both the economy and population are influenced by the way border
inhabitants respond to concerns about human health and other
aspects of quality of life that then reflect conditions evidenced at
the national level. At the same time, quality of life is strongly influ-
enced by the changes in transportation, energy, water supply, waste-
water treatment, and air quality that are driven, in turn, by changes
in population and economic activity. There are two parts to each
model element—one on the U.S. side of the border and one on the
Mexican side. The binational system model structure explicitly dis-
tinguishes between processes operating on each side of the border
and the processes that cause the transfer of “stuff” across the border.
An important contribution of the systems approach is it accounts
for the links, feedbacks, and interactions across the border that are
not always considered by decision-makers working independently on
each side of the border.

“Stuff” flowing across the border and within the border commu-
nity includes water (good and poor quality), air (polluted and oth-
erwise), disease, money, products (food, agricultural, commercial,
manufacturing, and entertainment, among others), waste products,
social capital, services, electricity, fuels, vehicles, light, sound,
ideas, community spirit, flora, and fauna. In many cases, human
activity at the border restricts the flow of “stuff” across the border
with the most active restrictions occurring at the ports of entry
found in twin cities. Notable exceptions include the transborder
movement of groundwater in binational aquifers, migration of air
pollution in binational airsheds, and the movement of indigenous
flora and fauna within and through regional ecosystems. The move-
ment of other “stuff,” however, is restricted by the physical, eco-

21



Dynamics of Human-Environment Interactions

Figure 4. Overview of Human-Environment Links in a
U.S.-Mexican Border System
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Note: In the interest of clarity, the details of links between internal components of
one sector and those of adjacent sectors (e.g., the influence of public finance on
transportation, water supply, and wastewater treatment infrastructure) aggregate into
the two-way arrows that link aggregate sectors of the system.

Source: Authors
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nomic, legal, and spiritual presence of the border. Over time, cli-
mate and other characteristics of the border system evolve through
both natural variability and the effects of man.

A thought experiment proposed by the B+20 project team asks:
“How might the border human-environmental system change if all
restrictions on transborder flows were removed?” Once this scenario
is thoroughly mapped, it would be valuable to compare it to one
where all flows that can be controlled are severely restricted. Several
different outcomes could be envisioned for each scenario. It is
hoped that such an exercise would help define a mix of bilateral
policies that would lead to a sustainable future for border inhabi-
tants. For example, removing all restrictions on human migration
across the border might cause massive movement of Mexican citizens
to the United States. Although one should expect an initial period
of enhanced migration, people will only migrate across the border as
long as conditions in the new location are clearly preferable to those
in their home community. As people move from place to place, their
behavior modifies the demographic and economic conditions at each
location while consuming natural resources. At the same time, ties
to one’s home community are difficult to break—and perhaps even
more difficult when it is easy to travel home frequently in the
absence of border restrictions. In the absence of performing a quan-
titative, multifaceted calculation, however, it is difficult to guess the
resulting demographic and economic conditions. At this stage in the
B+20 project, however, the team is focused on more localized geo-
graphic targets with smaller-scale questions aimed at better inform-
ing decision-making in specific twin cities.

Two general options exist for developing system models of
human-environment interactions on the U.S.-Mexican border:

¢ Contract with advanced modeling teams to adapt and combine

existing system dynamics modules to fit the specifics of a bor-
der region

* Develop border-specific models and modules using commer-

cial model-building software

Adopting the first option would cause the B+20 project team to

act as an advisory group that could influence and inform, but not
necessarily become proficient in, model development. The
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Millennium Institute provides such a service with its Threshold 21
(T21) Integrated Computer Development Model. The Millennium
Institute (2003) reports “...the T21 model enables integrated, com-
prehensive development and policy planning.” In addition, “...T21
is transparent, collaborative, interconnected, valid and customizable
with a core that can be applied to most countries and regions.” The
T21 model has been used to simulate alternate sustainable develop-
ment futures at the single-nation scale in Bangladesh, China,
Ghana, Guyana, Italy, Malawi, Somaliland, Tunisia, and the United
States. A national water system model is also available. The
Sustainable Development Research Initiative (SDRI) within the
Institute for Resources, Environment and Sustainability provides
similarly advanced modeling services with an emphasis on develop-
ing interactive gaming environments (QUEST™) for users to
explore “what if” scenarios for the futures of a region. Gaming envi-
ronments have been developed for the Georgia and Lower Fraser
basins of British Columbia, Canada. Envision Sustainability Tools,
Inc., has developed additional applications for regions in Mexico,
Indonesia, Malaysia, Canada, New Zealand, and England. Although
building models from scratch leaves the team unable to take direct
advantage of the advanced T21 or QUEST™ modules that might be
readily adapted for application in the border, border researchers are
able to develop and hone their own system thinking and modeling
skills. As a consequence, the B+20 project team has built an original
model of human-environment interaction on the U.S.-Mexican bor-
der.

Several system dynamics model-building environments, including
STELLA®, Vensim®, and Powersim®, are available and use a simple,
visual programming language to create complex model structures.
Although superficial aspects of these model-building programs dif-
fer, their fundamental properties are similar. The B+20 project team
uses STELLA® in large part because several team members already
had experience with the software. STELLA® software is best applied
to aggregate views of the system of interest where modeling the
detailed spatial patterns of change is not critical to developing the
insight needed for policymaking. The B+20 models involve only a
small number of aggregated spatial units—the two nations and three
land-use types associated with each U.S. and Mexican twin city. As
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the need for spatial disaggregation is identified, the fundamental
relationships and model structures developed with STELLA® can be
transferred to other programming environments such as SIMILE
(Muetzelfeldt and Taylor 2001; Simulistics 2003) or Spatial
Modeling Environment (SME) (University of Maryland Institute for
Ecological Economics 2003), which provide detailed representation
of spatially explicit changes in a system dynamics modeling context.
The user-friendly capabilities of SIMILE and SME have increased
significantly over the past few years and continue to evolve in ways
that suggest they will provide good options for the spatially explicit
modeling that is impossible with STELLA® and similar software.

Interdisciplinarity, the B+20 Project Team, and
Team Dynamics

In pursuing the goals of the B+20 project, it was necessary for
SCERP to create a new interdisciplinary research team drawing on
the resources of the various institutions involved in SCERP. The
B+20 project team comprises researchers from U.S. and Mexican
academic institutions that are members of the consortium.
Disciplinary expertise represented by the team members included
border studies, hydrology, air quality, energy supply and demand,
water resources supply and demand, urban planning, psychology,
economics, demography, sociology, ecology, earth science, human
health, and communication. For many team members, this was their
first broadly interdisciplinary research project. During the first
years of the project, several team members became inactive while
new researchers joined the team. At the same time, the remaining
team members became increasingly able to work together.

CONCLUSION

The B+20 project team has developed operational system dynamics
models for Paso del Norte and for the Salton Sea hydro-ecosystem
using STELLA® software. Stakeholders have been engaged intermit-
tently in discussions of the Paso del Norte model and stakeholder
engagement will continue as the model becomes increasingly tuned
to the specifics of the community and is disseminated for use. As the
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Paso del Norte model became finalized, the B+20 project team
shifted focus to the Mexicali-Imperial Valley community. Lessons
learned when developing the Paso del Norte system model and the
model structures created are transferable to the Mexicali-Imperial
Valley community, with some modification. Although many funda-
mental aspects of the two border communities have similar model
representations, such as national economy, local economy, popula-
tion, land use, and air quality, differences between the two hydro-
logic systems requires markedly different hydrologic model
structures. In Paso del Norte, key water features are the Rio
Grande/Rio Bravo and several groundwater aquifers. In the
Mexicali-Imperial Valley, key water features include the Colorado
River, Salton Sea, and several groundwater aquifers. Development of
the Salton Sea hydro-ecosystem model has been proceeding in the
background to provide the hydrologic and ecosystem modeling
framework that must underlie integrated models of human-environ-
ment interaction in the Mexicali-Imperial Valley community.

REFERENCES

Committee on Sustainable Water Supplies for the Middle East.
1999. Water for the Future: The West Bank and Gaza Strip, Israel
and Jordan. Washington, D.C.: National Academy Press.

Deaton, M. L., and J. J. Winebrake. 2000. Dynamic Modeling of
Environmental Systems. New York: Springer Verlag.

Kinsley, M., H. Lovins, and M. J. Spalding. 2002. “Natural
Capitalism on the U.S.-Mexico Border.” Pages 71-102 in The
U.S.-Mexican Border Environment: Economy and Environment for
a Sustainable Border Region Now and in 2020 SCERP
Monograph Series No. 3, Paul Ganster, ed. San Diego, Calif.:
SDSU Press.

Lutz, W., and S. Scherbov. 2000. “Quantifying Viscous Circle
Cycles: The PEDA Model for Population, Environment,
Development and Agriculture in African Countries.” Pages
311-322 in Optimization, Dynamics, and Economic Analysis:
Essays in Honor of Gustav Feichtinger, E. J. Dockner, R. FE. Hartl,
M. Luptacik, and G. Sorger, eds. Heidlelberg: Physica-Verlag.

26



Dynamics of Human-Environment Interactions in the
U.S.-Mexican Border Region

Lutz, W., W. D. Sanderson, and A. Wils. 2002a. “Population,
Natural Resources, and Food Scarcity: Lessons from Comparing
Full and Reduced-Form Models.” Pages 119-224 in Population
and Environment: Methods of Analysis, Population and
Development Review, a supplement to Volume 28, W. Lutz, A.
Prskawetz and W. C. Sanderson, eds. New York: Population
Council.

Lutz, W., S. Scherbov, A. Prskawetz, M. Dworak, and G.
Feichtinger. 2002b. “Conclusions: Toward Comprehensive P-E
(Population-Environment) Studies.” Pages 225-250 in
Population and Environment: Methods of Analysis, Population and
Development Review, a supplement to Volume 28, W. Lutz, A.
Prskawetz and W. C. Sanderson, eds. New York: Population
Council.

Meadows, D. H., D. L Meadows, J. Randers, and W. W. Hebrens
II1. 1972. The Limits to Growth. New York: Universe Books.
Meadows, D. H., D. L Meadows, J. Randers, and W. W. Hebrens

II1. 1992. Beyond the Limits: Confronting Global Collapse,
Envisioning a Sustainable Future. Post Mills, Vt.: Chelsea Green
Publishing.

Millennium Institute. 2003. “Threshold 21.” Cited 23 July 2003.
htp//:www.threshold21.com/index.html.

Muerzelfeldt, R., and J. Taylor. 2001. “Developing Forest Models
in the Simile Visual Modeling Environment.” Paper presented at
the IUFRO 4.11 conference, June, Greenwich, England.

Nilon, C. H., A. R. Berkowitz, and K. S. Hollweg. 2003.
“Introduction: Ecosystem Understanding is a Key to
Understanding Cities.” Pages 1-14 in Understanding Urban
Ecosystems—A New Frontier for Science and Education, C. H.
Nilon, A. R. Berkowitz, and K. S. Hollweg, eds. New York:
Springer Verlag.

Peach, J., and J. Williams. 2000. “Population and Economic
Dynamics on the U.S.-Mexican Border: Past, Present and
Future.” Pages 37-72 in The U.S.-Mexican Border Environment:
A Road Map to a Sustainable Future SCERP Monograph Series
No. 1, Paul Ganster, ed. San Diego, Calif.: SDSU Press.

27



Dynamics of Human-Environment Interactions

Peach, J., and J. Williams. 2004. “Population Dynamics of the
U.S.-Mexican Border R<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>