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Foreword 

The Lyndon B. Johnson School of Public Affairs has established interdisciplinary research on 
policy problems as the core of its educational program. A major element of this program is the 
nine-month policy research project, in the course of which one or more faculty members direct 
the research of ten to twenty graduate students of diverse disciplines and academic backgrounds 
on a policy issue of concern to a government or nonprofit agency. This “client orientation” 
brings the students face to face with administrators, legislators, and other officials active in the 
policy process and demonstrates that research in a policy environment demands special 
knowledge and skill sets. It exposes students to challenges they will face in relating academic 
research, and complex data, to those responsible for the development and implementation of 
policy and how to overcome those challenges. 

The curriculum of the LBJ School is intended not only to develop effective public servants, but 
also to produce research that will enlighten and inform those already engaged in the policy 
process. The project that resulted in this report has helped to accomplish the first task; it is our 
hope that the report itself will contribute to the second.  

Finally, it should be noted that neither the LBJ School nor The University of Texas at Austin 
necessarily endorses the views or findings of this report. 
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Introduction 
by Sephra Thomas  

 
This report summarizes the work of a 2017-2018 Policy Research Project (PRP). We review 
emerging river-related problem and submit plans for improving three components of river 
sustainability: basin governance, stakeholder engagement, and reservoir management. We 
provide numerical support for our recommendations by summarizing recent measurements of 
reservoir sedimentation and climate change impacts that that will reduce the dependable yield of 
river water unless timely counter measures are taken. 

Our region of focus is the Paso del Norte (PdN) region, a sub-basin of the Rio Grande stretching 
from Elephant Butte Reservoir to Fort Quitman. The PdN encompasses the cities of Las Cruces 
(New Mexico), El Paso (Texas), and Cd. Juárez (Chihuahua).  Each state is home to successful 
irrigated agriculture. A map of PdN region can be seen in Figure I.1 below.  

 
Figure I.1 

Paso del Norte Region of Rio Grande/Bravo Basin 
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Throughout the report we reference the 1944 Water Treaty between Mexico and the United 
States (the “1944 Treaty”), a binational effort to “obtain the most complete and satisfactory 
utilization [of the Rio Grande/Rio Bravo]”.1 The 1944 Treaty established a “minute process,” a 
process through which a binational agency (further explained in subsequent chapters), the 
International Boundary and Water Commission (IBWC) /Commission Internacional de Limites y 
Agua (CILA) can create amendments to the Treaty by writing decision memoranda as “minutes” 
and passing the minutes for approval to both the U.S. and Mexican governments.  
 
 

Connection to SERIDAS 
This report is part of a larger project, organized by LBJ Professor Emeritus Jurgen Schmandt, 
that seeks to understand the sustainability requirements of engineered river basins around the 
world, including the Rio Grande.2 SERIDAS, or the Sustainability of Engineered Rivers in Arid 
Lands, analyzes ten river basins, each of which have 1) headwaters fed by snowpack or tropical 
rain, 2) multiple reservoirs that operationalize the discharge and supply to stakeholders, and 3) an 
arid and drought-prone downstream region with intensive irrigated agriculture.3 These basins are 
projected to see significant increase in population growth over the next 50 years. Because of 
climate change impacts on snowpack and evaporation, as well as the continuing storage loss 
from reservoir sedimentation, the supply of water to irrigation districts, cities, and the 
environment is likely to decrease. To meet these challenges, the SERIDAS project highlights the 
importance of delivering a dependable yield enough to meet future human and environmental 
needs. We suggest that this can be accomplished by more efficient water use, cooperative and 
proactive water management between managers and stakeholders, restoring environmental flow 
that supports the ecology of the river; and implementing a basin-wide sustainability plan that 
adjusts existing water sharing agreements to changing conditions and reconciles the concerns of 
upstream and downstream users. SERIDAS findings will be published by Cambridge University 
Press in their UNESCO Hydrology series. As mentioned, this report contributes to the SERIDAS 
objectives by analyzing three components of river sustainability: basin governance, stakeholder 
engagement, and reservoir management.   
 
 

 

 

 

 

 

                                                             
1 1 Anabel Sánchez, "1944 Water Treaty Between Mexico and the United States: Present Situation and Future 
Potential," Frontera Norte 18, 36, (July-December 2006): 125-144.944 Treaty 
2 Aysegul Kibaroglu, Jurgen Schmandt & George Ward (2017) Engineered rivers in arid lands: searching for 
sustainability in theory and practice, Water International, 42:3, 241-253, DOI: 10.1080/02508060.2017.1309906 
3 Ibid. 
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Figure I.2 
The SERIDAS Rivers 

 
 

History of Environmental and Water Sustainability 
In 1972, the UN held the United Nations Conference on the Human Environment in Stockholm, 
Sweden. The meeting produced a declaration of 26 principles, an action plan of 109 
recommendations, and a resolution, all addressing the relationship between the environment and 
development. In the proclamation, the first working definition of sustainability was introduced: 

For the purpose of attaining freedom in the world of nature, man must use knowledge 
to build, in collaboration with nature, a better environment. To defend and improve the 
human environment for present and future generations has become an imperative goal 
for mankind-a goal to be pursued together with, and in harmony with, the established 
and fundamental goals of peace and of world-wide economic and social development.4 

The call for environmental protection was clear and rang throughout the world. This call hit 
especially home for Europe, as in 1973, the Environmental and Consumer Protection Directorate 
and the first Environmental Action Program were created by the EU. The research and global 
collaboration that sprung forth from this conference led to the Kyoto Protocol and Paris 
Agreement; the UN officially set environmental conservation on the world radar. 

Ten years after the conference, however, the environment was increasingly degrading in face of 
development. Deforestation, acid rain, and pollution, as well as early signs of climate change, 
showed that economic growth could not be pursued at the expense of the planet. Following the 
work by the Club of Rome, “sustainable development” was defined by the International Union 
for the Conservation of Nature (IUCN) in its 1980 World Conservation Strategy. The chapter 
titled “Toward Sustainable Development” concluded: 

                                                             
4 Report on United Nations Conference on the Human Environment. Stockholm: United Nations, 1972. 3.  
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It is hoped that this [report] will help governments, intergovernmental bodies, private 
organizations and individuals to cooperate with each other and jointly deploy the 
limited means available to much greater effect. If this is done, then the prospects for 
conservation-and for sustainable development-will be much enhanced.5 

The need for multi-sectoral collaboration was established succinctly and clearly by the IUCN. In 
the 1980s, the United Nations followed suite and formed the World Commission on Environment 
and Development (WCED) to address the “accelerating deterioration of the human environment 
and natural resources and the consequences of that deterioration for economic and social 
development”.6 Now known as the Brundtland Commission, the group was formed out of the 
need to address the dichotomy that faced much of the developing world after WWII: how can 
poverty be reduced via productive and industrialized economies without creating global and local 
environmental burdens?  

The group recognized the need of sustainable development and published a ground-breaking 
report, “Our Common Future”. Defining the requirements set forth by the UN to address the 
global environmental degradation and need for development. The Report by the UN highlighted 
the truth surrounding the global march towards conservation and protection, the truth that “[it is 
in] the common interest of all countries to pursue policies aimed at sustainable and 
environmentally sound development”.7 The UN commission aimed to unify the world under the 
objective of optimizing the nexus between people, development, resources, and the environment. 
It called for global collaboration and support of environmental consciousness. The lack of 
integration is highlighted in the Our Common Future report: 

The objective of sustainable development and the integrated nature of the global 
environment/development challenges pose problems for institutions, national and 
international, that were established on the basis of narrow preoccupations and 
compartmentalized concerns…The challenges are both interdependent and integrated, 
requiring comprehensive approaches and popular participation.8 

In 1992, the UN held another conference, the UN Conference on Environment & Development, 
in Rio de Janeiro, Brazil. The conference published Agenda 21, a comprehensive plan for local, 
national, and global organizations of the UN system in every area where human development 
interacts with the environment. It discussed the social and economic dimensions, the 
conservation and management of resources for development, and the strengthening of major 
groups. This report also encourages the global partnership.  

This partnership commits all States to engage in a continuous and constructive 
dialogue, inspired by the need to achieve a more efficient and equitable world 
economy, keeping in view the increasing interdependence of the community of 

                                                             
5World Conservation Strategy, prepared by International Union for Conservation of Nature and Natural Resources. 
62-63. 
6 Report of the World Commission on Environment and Development: Our Common Future, prepared by UN,1987. 
7 Ibid 
8 Ibid 
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nations and that sustainable development should become a priority item on the agenda 
of the international community.9 

The continuous call by the UN for global cooperation and research collaboration is echoed in the 
structure of the SERIDAS project. The ten river basins highlight river systems of similar 
hydrological and climatological characteristics, but also underlines the regional, cultural, and 
political uniqueness of each that adds complexity to sustainable development.  

Fast forward to 2015, when the Organization for Economic Cooperation and Development 
(OECD) published the “Principles of Water Governance”, a report highlighting the deteriorating 
state of water resources and recommending new ways for better governance. The document 
states that “in 2050, 240 million people are expected to remain without access to clean water, and 
1.4 billion without access to basic sanitation”.10 Exploring the true status of the water crisis in the 
world, the OECD puts forth twelve principles focused on three main “mutually reinforcing and 
complementary dimensions of water governance”: effectiveness, efficiency, and trust and 
engagement. Out of the twelve, six principles focus on cross-sectoral co-ordination, timely and 
consistent data and information, effective and enforced regulatory frameworks, innovative water 
governance practices across levels of government, mainstream integrity and transparency across 
institutions and frameworks, and informed and outcome-oriented stakeholder engagement.  
 
 

Overview of the Report 
These principles guide this PRP report in the discussion of basin regulatory frameworks, 
informed stakeholder engagement, and data-based reservoir management. We use the concept of 
collaboration amongst policymakers, citizens, and scientists to identify the main components of 
sustainable water management in the Rio Grande/Bravo basin and its Paso del Norte sub-basin. 
In the process, we define two main threads of sustainable water management: a need for using 
up-to-date data concerning water availability and use, and a need for a convening entity, a 
taskforce, or council that plans, implements, and updates stakeholder driven sustainable water 
management plans at the local level.  

The governance subgroup (Jill Baggerman, Lynn Murphy, and Jake Ward) considers the 
institutional mechanisms that are needed to achieve sustainability. The investigation centers on 
understanding how the “minute process” of IBWC/CILA can be best utilized for sustainability 
initiatives. The subgroup also analyzes policy briefs and agendas of other water agencies in the 
Rio Grande/Rio Bravo. The objective of this chapter is (1) analyze the governance of the Rio 
Grande Basin based on the principles first put forward by Elinor Ostrom, (2) analyze the 
institutional linkages relating to the transboundary components of the river, and (3) assess how to 
better institutionalize sustainability for the river basin using the minute process of the 
IBWC/CILA. The study worked on these objectives by conducting interviews of  persons from 
bi-national, national, and non-governmental water agencies connected to the river.  

                                                             
9 Agenda 21, prepared by United Nations Conference on Environment & Development, 1992. 4. 
10 OECD Principles on Water Governance, Organization for Economic Cooperation and Development, 2015. 1.  
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The stakeholder subgroup (Kelley Carter, Andrew Dennis, Noah Oaks, and Laura Thomas) 
believes stakeholder input must be fully incorporated as a bottom-up component of the basin 
decision-making paradigm.. The investigation centers on determining how various water use 
stakeholders - from low-level users to high-level decision makers - view sustainable policies and 
the challenges to these actors in the region. The objective is to ascertain the degree to which 
stakeholders in the Paso del Norte (1) feel heard within the policy making process in allocation 
and use decisions, (2) have developed sustainability and conservation plans, and (3) perceive the 
change in availability of water within the region by 2040 and 2060. Surveys of stakeholders were 
used to ascertain the level of engagement, and define recommendations of improved engagement 
for addressing changing conditions. 

The reservoir subgroup (Sarah Blumberg, Leah Havens, and Justin Thompson) analyzes how the 
sustainability of the Rio Grande/Río Bravo can be more accurately analyzed and predicted using 
mathematical and system models, and dependable data on sedimentation, climate change, 
evapotranspiration, and evaporation. The model allows the reservoir operators and other decision 
makers to take into consideration different factors affecting the supply and quality of the water in 
the river currently, but also the conditions of the basins in 2040 and 2060. The investigation 
centers on analyzing historical data and operation procedures of the reservoirs and through the 
model, make suggestions on operations and future allocation/use. The objectives are to (1) 
compile and consolidate the data for reservoir operation, with focus on the Elephant Butte 
Reservoir and (2) identify existing models, trends, and inputs for the model so that (3) the group 
can project certain pertinent criteria into the future and incorporate them into assumed scenarios. 
Discussions held with representatives with utility groups, reservoir operators, and the Bureau of 
Reclamation allowed for an extensive search for an up-to-date data set on which the model was 
based. 

The report presented for the PdN region of the Rio Grande/Rio Bravo can be used as a model for 
other river segments within the Rio Grande, as well as other arid rivers around the world. 
Sustainable development of engineered rivers cannot be discussed without considering the 
political structure for decision making, the involvement and engagement of stakeholders in the 
policy process, and the use of up-to-date data on water supply and demand. 
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Chapter 1. Governance 
by Jill Baggerman, Lynn Murphy, and Jake Ward 

 
This chapter aims to understand how sustainability for the Paso del Norte, and more generally for 
the entire Rio Grande/Río Bravo Basin, should be institutionalized. We ask: What institutional 
changes--strengthening of existing institutions and creating new institutions—are needed to 
support sustainable water management in the Paso del Norte? And what do these changes 
suggest for the Rio Grande/Río Bravo as a whole?  

We address these questions using the guiding framework of Elinor Ostrom’s design principles 
for managing a “Commons”—a natural resource shared by multiple users. We suggest that the 
Minute process, a well-established and often used mechanism under the 1944 water treaty 
between Mexico and the United States, be used for developing and implementing formal 
sustainability plans for the Paso del Norte sub-basin and the entire Rio Grande/Río Bravo basin. 
This approach builds on Minutes 307 and 308 that attempted to use sustainability as a governing 
principle for managing the shared waters of the Rio Grande/Río Bravo. 

Specifically, we make these recommendations: 

1. Use the IBWC/CILA Minute process for developing and implementing sustainability 
plans. 

2. Use the non-partisan nature of the IBWC/ CILA to build relationships between 
countries, states, irrigation districts and cities. 

3. Invite existing governance institutions to participate in the implementation and oversight 
of sustainability plans.  
 
 
Historical Context of U.S.-Mexico Boundary Water Management 

By the time Spanish Explorer Don Juan de Oñate reached the Valle de Juárez on a colonizing 
expedition in 1598, permanent settlements of Pueblo Indians were using water from the Rio 
Grande/Río Bravo for irrigation purposes. The first European settlement in the Paso del Norte 
was established nearly 200 years later when a Spanish mission was constructed in what is now 
Ciudad Juárez. It took an additional 200 years before the first permanent settlement - now called 
El Paso - was created on the north side of the Rio Grande/Río Bravo, while still a territory of 
New Spain.11 As Americans pressed westward and the Republic of Texas pushed for annexation 
by the United States, tension with Mexico eventually led to the Mexican-American War in 1846 
and the signing of the Treaty of Guadalupe-Hidalgo in 1848,12 ending the war and permanently 

                                                             
11 Charles Turner, Edwin Hamlyn, and Oscar Ibañez-Hernández, “The Challenge of Balancing Water Supply and 
Demand in the Paso del Norte,” 
https://www.researchgate.net/publication/237781254_The_Challenge_of_Balancing_Water_Supply_and_Demand_i
n_the_Paso_del_Norte, 4-5. 
12 History.com, “Mexican-America War,” https://www.history.com/topics/mexican-american-war. 



8 
 

fixing the international boundary between Mexico and the United States along the middle of the 
Rio Grande/Río Bravo until the “town called Paso.”13 

By the end of the 19th century, Rio Grande/Río Bravo surface water was diverted for irrigation 
across the basin. Six hundred kilometers upstream from Paso del Norte, in the San Luis Valley of 
the U.S. State of Colorado, development of the Rio Grande included the construction of 454 
irrigation canals and the cultivation of 196,000 acres of irrigated land between 1880 and 1896.14 
This unprecedented, unilateral diversion of water drove down property values in the El Paso-
Ciudad Juárez region and reduced in-stream flows in the river channel. The population of El 
Paso-Ciudad Juárez fell from over 20,000 in 1875 to 10,000 in 1894.15 

The Ambassador of Mexico to the United States, Matías Romero, worried by the staggering pace 
of unilateral development on the Rio Grande north of the U.S.-Mexico border, sent a letter of 
concern to the U.S. Secretary of State, Richard Olney, in 1895. The Ambassador contended that 
American diversions of the Rio Grande/Río Bravo in Colorado and the Territory of New Mexico 
violated Article VII of the Treaty of Guadalupe-Hidalgo, relating to the construction of works 
that “may impede or interrupt” the “navigation of the [Rio Grande/Río Bravo]”16 along the 
contiguous section of the river. Ambassador Romero also argued that the United States’ use of 
Río Bravo water constituted a violation of the contemporaneous principles of international law 
providing the Mexican inhabitants the “incontestable” and “prior” right to river water.17 The U.S. 
Secretary of State, believing this issue to be a matter of legal importance, forwarded the 
Ambassador’s letter to the U.S. Attorney General, Judson Harmon. 

The Attorney General’s response is now the “most notorious theory in all of international 
resources law,” a theory synonymous with the doctrine of absolute territorial sovereignty.18 
Attorney General Harmon’s response to the Ambassador’s letter asserted that Article VII of the 
Treaty of Guadalupe-Hidalgo applied only to the Rio Grande/Río Bravo “lying below the 
southern boundary of New Mexico” (where the Rio Grande/Río Bravo is a “contiguous 
watercourse”). More importantly, Harmon’s opinion insists that the “fundamental principle of 
international law is the absolute sovereignty of every nation […] within its own territory,”19 
further substantiating that “the jurisdiction of the nation within its own territory is necessarily 

                                                             
13 Treaty of Guadalupe-Hidalgo, Article V, February 2, 1848, U.S.-Mexico. 
14 Stephen C. McCaffrey, “The Harmon Doctrine One Hundred Years Later: Buried, Not Praised,” Natural 
Resources Journal 36 (1996): 556; citing a joint fact-finding report by the International Boundary Commission 
(IBC), issued November 25, 1896; See also Ira G. Clark, Water in New Mexico: A History of its Management and 
Use (Albuquerque, NM: University of New Mexico Press, 1987). 
15 McCaffrey, “The Harmon Doctrine One Hundred Years Later,” 556; citing an 1895 letter from the Mexican 
Minister in Washington, D.C., Matias Romero, to the U.S. Secretary of State, Richard Olney.  
16 Treaty of Guadalupe-Hidalgo, Article VII, February 2, 1848, U.S.-Mexico. 
17 Stephen C. McCaffrey, “The Harmon Doctrine One Hundred Years Later,” 556; citing an 1895 letter from the 
Mexican Minister in Washington, D.C., Matias Romero, to the U.S. Secretary of State, Richard Olney.  
18 McCaffrey, “The Harmon Doctrine One Hundred Years Later,” 549-551.  
19 Judson J. Harmon, 21 Opinion of the Attorney General, 274 (1895), 281-282; see also, McCaffrey, “The Harmon 
Doctrine One Hundred Years Later,” 560-566. 
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exclusive and absolute”20 and that no other “rules, principles, and precedents of international law 
impose [any] liability or obligation” on a nation in its use of an international watercourse.21 The 
“Harmon Doctrine,” as the Attorney General’s opinion came to be known, asserts a nation’s 
absolute and exclusive right to the part of an international watercourse within its territory and 
reserves the right of the “dominant” (upstream) nation to use that part of an international 
watercourse in any way it wishes, regardless of the adverse consequences to a “servient” 
(downstream) nation that shares the watercourse.22 The Harmon Doctrine and the doctrine of 
absolute territorial sovereignty are in direct conflict with another principle of international law, 
absolute territorial integrity, whereby an upstream nation can do nothing to interfere with the 
“natural” flow of an international watercourse before it flows into a downstream nation, to 
maintain the integrity of the lower riparian’s right to that watercourse.23  

Before the Attorney General issued his opinion, Mexico and the United States convened a joint 
fact-finding commission through the International Boundary Commission (IBC)24 to conclude on 
the matter confronting the Paso del Norte region. The Commission arrived at a strikingly 
different conclusion than Attorney General Harmon, finding Mexico was “wrongfully deprived 
[…] of her equitable rights in the flow of one-half of the waters” of the Río Grande/Río Bravo at 
the international border. Furthermore, the Commission recommended the United States pay for 
the construction of a joint storage dam at El Paso-Ciudad Juárez as a means of compensating 
Mexico and relinquishing claims of “unlawful use of waters in the past.”25 The Commission’s 
call for equitable apportionment of the waters of the Rio Grande/Río Bravo at the international 
border was before its time, as the United States would not formally recognize this emerging 
principle of an international watercourse law until Kansas v. Colorado (1907), when the U.S. 
Supreme Court obligated states to resolve interstate dispute over shared water resources in a way 
that achieves an equitable apportionment of the resource.26 

The opposing stances of the Harmon Doctrine and IBC fact-finding report delayed action on the 
upstream diversion issue confronting the Paso del Norte region until 1905. In 1905, the United 
States Congress, inspired by the Newlands Reclamation Act of 1902,27 passed “An Act Relating 
to the Construction of a Dam and Reservoir on the Rio Grande, in New Mexico, for the 

                                                             
20 Harmon, 21 Opinion of the Attorney General, 281-282, citing Chief Justice Marshall’s opinion in Schooner 
Exchange v. McFaddon, 11 U.S. (7 Cranch) 116 (1812).  

21 Harmon, 21 Opinion of the Attorney General, 283.  
22 McCaffrey, “The Harmon Doctrine One Hundred Years Later,” 551, 563. 
23 McCaffrey, “The Harmon Doctrine One Hundred Years Later,” 551, citing F.J. Berber, Rivers in International 
Law (London: Stevens & Sons, 1960).  
24 The ad hoc International Boundary Commission (IBC) was created by the Convention between the United States 
and Mexico of March 1, 1889; Article V of the 1889 Boundary Convention gave the International Boundary 
Commission the authority to deliberate on matters relating to Article VII of the Treaty of Guadalupe-Hidalgo, see 
note 93 and 94, McCaffrey, “The Harmon Doctrine One Hundred Years Later,” 570. 
25 International Boundary Commission (IBC), Joint Report, November 25, 1896, 271. 
26 McCaffrey, “The Harmon Doctrine One Hundred Years Later,” 579.  
27 An Act Appropriating the receipts from the sale and disposal of public lands in certain States and Territories to the 
construction of irrigation works for the reclamation of arid lands, Public Law 161 (1902).  
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Impounding of the Flood Waters of Said River for the Purposes of Irrigation,”28 providing for the 
unilateral construction and operation of a dam near Engle, New Mexico. Mexico was 
understandably confused, especially after the principled rhetoric of the IBC report, and alarmed 
by the United States’ motion toward unilateral development that would undoubtedly interrupt 
streamflow to the Paso del Norte region.29 They subsequently sought pecuniary damages from 
the United States. The United States quickly rejected Mexico’s claim by refuting any “grounds in 
international law upon which such liability could be based,” but suggested the United States 
would “govern its action in the premises in accordance with the high principles of equity.”30 The 
United States then offered a draft treaty, prepared by the U.S. Geological Service (USGS), to 
Mexico. The draft treaty intended to “devise some means of obtaining a supply of water for the 
Mexican lands without unduly depriving lands within the limits of the United States […] on a 
basis of absolute equity.”31 

After a short period of negotiation, Mexico accepted the draft treaty as submitted and the two 
countries signed the 1906 Convention between the United States and Mexico concerning the 
Equitable Distribution of the Waters of the Rio Grande for Irrigation Purposes32 (1906 
Convention). The 1906 Convention is the ultimate expression of the United States protecting its 
sovereign interests, while using principled rhetoric to engage Mexico in international relations.  

The United States, in entering the treaty, expressly rejected “the establishment of any general 
principle or precedent,”33 such as “equitable utilization”, as might apply to future diplomatic 
exchanges concerning the transboundary Rio Grande/Río Bravo. This ex post rejection of 
principled considerations in the 1906 Convention is demonstrable of how “the achievement of 
equity” and other international watercourse principles is seldom “a function of altruism,” and 
how nations use formal institutions (i.e. treaties) to maximize their individual outcomes.34 Of 
course, it is important to recognize that the development of codified international watercourse 
law was still in its infancy when the 1906 Convention was signed, leaving few incentives to 
accept institutional constraints on sovereignty.35  

                                                             
28 An Act Relating to the Construction of a Dam and Reservoir on the Rio Grande, in New Mexico, for the 
Impounding of the Flood Waters of Said River for the Purposes of Irrigation, Public Law 104 (1905).  
29 McCaffrey, “The Harmon Doctrine One Hundred Years Later,” 575.  
30 McCaffrey, “The Harmon Doctrine One Hundred Years Later,” 575-576, citing a letter from Acting U.S. 
Secretary of State A. Adee to Mexican Chargé d’Affaires F. Gamboa, May 1, 1905.  
31 McCaffrey, “The Harmon Doctrine One Hundred Years Later,” 578, citing a letter from Chas D. Walcott, 
Director of the U.S. Geological Service to E.A. Hitchcock, U.S. Secretary of the Interior, April 20, 1905.  
32 Convention between the United States and Mexico concerning the Equitable Distribution of the Waters of the Rio 
Grande for Irrigation Purposes, May 21, 1906, US-Mex, TS No, 455. 
33 Convention between the United States and Mexico concerning the Equitable Distribution of the Waters of the Rio 
Grande for Irrigation Purposes, Article V, May 21, 1906, US-Mex, TS No, 455. 
34 Stephen P. Mumme, “From Equitable Utilization to Sustainable Development: Advancing Equity in U.S.-Mexico 
Border Water Management,” in Water, Place, and Equity, eds. Richard Warren Perry, Helen M. Ingram, John M. 
Whiteley (Cambridge, MA: The MIT Press, 2008), 117. 
35 Mumme, “From Equitable Utilization to Sustainable Development,” 119-120. 
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The Mexican Revolution erupted in 1910 and suspended further diplomatic exchanges 
concerning the transboundary Rio Grande/Río Bravo until the 1920s.36 During this period, 
however, the United States experienced a different challenge related to its recognition of 
international watercourse principles. In 1909, the United States was obliged to accept the 
doctrine of limited territorial sovereignty in a diplomatic exchange with Great Britain, 
representing Canada, over the boundary waters between the United States and Canada.37 The 
United States contended its right of absolute territorial integrity to boundary waters entering the 
U.S. from Canada. Great Britain, however, tactfully applied Schooner Exchange v. McFaddon, 
the same court case Attorney General Harmon used to defend his assertion of absolute territorial 
sovereignty, to suggest that claims of absolute territorial integrity “deprive [Canada] of the free 
and untrammeled use of [its] territory in a manner which [it] as a sovereign state has an inherent 
and incontestable right to use.”38 

In 1922, the United States Congress approved the Colorado River Compact, apportioning the 
waters of the Colorado River between the U.S. States of Arizona, California, Colorado, Nevada, 
New Mexico, Utah, and Wyoming.39 Although the Colorado River Compact, recognizes 
Mexico’s “right to the use of any waters of the Colorado River System,” no guaranteed 
allocation is specified.  Rather, it reserves for Mexico the use of “waters which are surplus over 
and above” the aggregate amounts allocated by the Compact.40 Later, the United States passed 
the Boulder Canyon Act of 1928,41 once again prompting unilateral development on the 
upstream reach of an international watercourse shared with Mexico. The United States left 
Mexico on the sidelines in both instances.42 Mexico and its new government quickly moved to 
unilaterally develop the Río Conchos, an important tributary which flows North to the Rio 
Grande/Río Bravo, and other key tributaries, in response to the United States’ development of 
the Colorado River.43  

While Stephen McCaffrey skillfully demonstrates how the United States, ultimately, did not act 
on the Attorney General’s opinion,44 the Harmon Doctrine continues to complicate U.S.-Mexico 
relations concerning the transboundary Rio Grande/Río Bravo. In several cases, Mexico and the 
United States have used assertions of territorial sovereignty as an institutional principle to 
maximize their individual benefits when entering bilateral agreements. Mexico, for example, has 

                                                             
36 Mumme, “From Equitable Utilization to Sustainable Development,” 122. 
37 Mumme, “From Equitable Utilization to Sustainable Development,” 124; Treaty Relating to the Boundary Waters 
and Questions Arising Along the Boundary between the United States and Canada, January 11, 1909, US-Can, TS 
No. 548.  
38 Schooner Exchange v. McFaddon, 11 U.S. (7 Cranch) 116 (1812). 
39 Colorado River Compact, August 19, 1921, AZ-CA-CO-NV-NM-UT-WY, 43 Statues at Large, 171.  
40 Colorado River Compact, Article III, part c.  
41 Boulder Canyon Project Act, Public Law 642, December 21, 1928.  
42 Norris Hundley, Dividing the Waters (Berkeley, CA: University of California Press, 1966): 48-64.  
43 Ernesto Enriquez Coyro, El Tratado entre México y los Estados Unidos de América sobre Ríos Internacionales, 
tomo I y tomo II (Mexico, D.F.: Facultad de Ciencias Políticas y Sociales, Universidad Nacional Autónoma de 
México, 1975):410-411.  
44 Stephen C. McCaffrey, “The Harmon Doctrine One Hundred Years Later: Buried, Not Praised,” Natural 
Resources Journal 36 (1996) for an in-depth discussion on the Harmon Doctrine.  
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used notions of sovereignty and its claim to water from the Río Conchos (an important tributary 
supplying most of the annual streamflow to the lower Rio Grande/Río Bravo below the Paso del 
Norte) when negotiating water sharing arrangements on the Colorado River and the lower Rio 
Grande/Río Bravo. 
 
 

Contrasting Legal Foundations of Water Management in the PdN 
Up until the mid-nineteenth century, the entire Paso del Norte region was governed by Spanish 
colonial law (The Law of the Indies). With pre-Roman origins in the mostly water-scarce Iberian 
Peninsula, Spanish water law is premised on water being a resource to be shared by the 
community at large.45  After separation from Mexico, Texas and the territories ceded to the 
United States under the Treaty of Guadalupe-Hidalgo (including what are now the states of New 
Mexico and Colorado) came to be dominated by English Common Law.  With its roots in the 
water-rich British Isles, Common Law brought with it distinctly different legal perspectives on 
water management, lending greater weight to the primacy of land ownership (riparian rights and 
prior appropriation) over shared community interests.  Water law in Texas and New Mexico 
evolved in distinct ways over the years as each attempted to square traditional Spanish Law with 
English Common Law. 
 
Texas Law 

Texas regulates surface water and groundwater separately.  With little legal recognition, 
however, the resources are clearly connected through the hydrological cycle.46 Using separate 
legal regimes to govern this unitary resource fails to account for the impact that consumption of 
surface water may have on groundwater and vice versa. This is central to the current legal 
dispute between Texas and New Mexico, in which Texas has alleged that New Mexico’s 
allowance of groundwater pumping near the Rio Grande is diverting water that otherwise would 
flow downstream to Texas.  The U.S. Supreme Court has recognized that “groundwater and 
surface water are physically interrelated as integral parts of the hydrologic cycle” (Cappaert v. 
U.S., 426 U.S. 128 (1976).).  
 
As a legacy of Spanish Law, surface water in Texas is owned by the state47 and is held by the 
state in trust for the public (Texas Water Code §§11.021, 11.0235).  Subject to a few exceptions, 
a person must file a permit and obtain a “water right” from the Texas Commission on 
Environmental Quality (TCEQ) in order to use surface water (Texas Water Code §11.022).  A 
                                                             
45 Charles R. Porter, “What You Think You Know About the History of Texas Water…But Don’t”, State Bar of 
Texas 16th Annual Changing Face of Texas Water Rights Conference Paper. 
46 There are some exceptions to this. Section 11.151, Texas Water Code, orders the TCEQ to consider the effects, if 
any, on groundwater or groundwater recharge of a new permit to store, take, or divert surface water, and Section 
36.113(d), Texas Water Code, requires groundwater conservation districts to consider in granting a permit whether 
the proposed use of water unreasonably affects existing groundwater and surface water resources or existing permit 
holders (Texas Water Code, §§11.151; 36.113). 
47 The exception is diffused surface water, which is water that has not yet entered into a watercourse. A watercourse 
is defined as having defined bed and banks, a current of water, and a permanent source and supply, Diffused surface 
water is owned by the owner of the land over which it flows rather than the state. 
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water right in Texas is “a right acquired under the laws of Texas to impound, divert or use state 
water;” it does not transfer ownership of the water from the state but instead merely grants 
the holder a non-possessory “usufructuary” right of use (Texas Water Code §11.002(5)). Texas 
surface water law is guided by the doctrine of prior appropriation, often described as “first in 
time, first in right.” (Texas Water Code §11.027).  Essentially the first person to receive a permit 
to put water to beneficial use has a “senior water right” that is superior to all junior water right 
holders.  When water is scarce, a senior water right holder will receive all the water to which he 
or she is entitled before a junior water right holder receives any water. The prior appropriation 
doctrine can be altered in emergency situations, such as an imminent threat to public health and 
safety (Texas Water Code §11.139).   

Groundwater in Texas is the private property of the land surface owner. Groundwater law is 
based on the absolute ownership doctrine, which provides that a landowner owns the water under 
his land and can do as he pleases with it, and its corollary, the Rule of Capture. The Texas 
Supreme Court in 1904 articulated the absolute ownership doctrine48 in Houston & Texas. Cent. 
Ry. Co. v. East, 81 S.W. 279, 281 (Tex. 1904), and the rule has been reaffirmed by the courts in 
the decades since. The Rule of Capture permits a landowner to take all the water she can capture 
under her land and to incur no liability to her neighbors even if the landowner’s actions deprive 
the neighbors of the water’s use. Case law has carved out a few limitations on the rule of capture 
in Texas,49 but in the last decade the Texas Legislature and the courts have yet again bolstered 
the ownership interest described by Common Law rules. In 2011, the Legislature amended 
chapter 36 of the Texas Water Code to provide that ‘[t]he legislature recognizes that a landowner 
owns the groundwater below the surface of the landowner’s land as real property’ (Texas Water 
Code §36.002). And in 2012, the Texas Supreme Court held definitively that groundwater is 
owned in place by the landowner (Edwards Aquifer Authority v. Day, 369 S.W.3d 814 (Tex. 
2012)). 

Despite these consistent affirmations that groundwater rights are private property rights, 
groundwater rights in Texas are still subject to some degree of control by the legislature and the 
courts under the Conservation Amendment of the Texas Constitution. This amendment requires 
the state to preserve and conserve water resources for the benefit of the people of Texas (Texas 
Const. art. XVI, §59). The legislature has chosen to comply with this mandate by creating 
groundwater conservation districts (GCDs) (Texas Const. art. XVI, §59(a); Texas Water Code 
§36.0015), which are authorized to adopt rules imposing requirements for well drilling and 
spacing or limiting production to achieve certain management objectives (Texas Water Code, 
chapter 36). There are also exemptions for certain types of wells from permitting requirements in 
GCD rules, including domestic wells meeting specified conditions or wells for certain oil and gas 
exploratory activities or mining activities (Texas Water Code §36.0017). However, the 

                                                             
48 ‘An owner of soil may divert percolating water, consume or cut it off, with impunity. It is the same as land, and 
cannot be distinguished in law from land. So the owner of land is the absolute owner of the soil and of percolating 
water, which is a part of, and not different from, the soil.’ Houston & Texas. Cent. Ry. Co. v. East, 
49 A landowner may not (1) maliciously take water for the sole purpose of injuring a neighbor, (2) negligently cause 
subsidence of another’s land by his production, or (3) wantonly and willfully waste the water (City of Corpus Christi 
v. City of Pleasanton, 276 S.W.2d 798 (Tex. 1955); Friendswood Development Co. v. Smith-Southwest Industries, 
Inc., 576 S.W.2d 21 (Tex. 1978).). 
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exemptions are a floor, not a ceiling, and GCDs have significant discretion in developing their 
rules. 
 
New Mexico Law  

In New Mexico, both surface water and ground water are public resources (NM Stat § 72-1-1 
(2017); N.M. Stat. §72–12–1). Would-be water users must procure a right to use the water. Like 
Texas, the water rights do not transfer ownership of the water, but the rights are considered 
private property that may be sold or leased with permission from the New Mexico State 
Engineer. 

Like Texas, New Mexico is a prior appropriation state. Water rights are managed by the Water 
Resources Allocation Program in the Office of the State Engineer. New Mexico law requires 
rights holders to put water to beneficial use, a term that lacks specific definition but is generally 
meant to mean irrigation, domestic, commercial and industrial uses. New Mexico water users 
must “use it or lose it”—put the water to use and adhere to applicable New Mexico laws and 
regulations or risk forfeiting all or a portion of the right.50 A 1998 opinion from the New Mexico 
Attorney General authorized the use of water for in-stream uses (stream-flow maintenance for 
endangered species, aesthetic considerations, navigation and recreation) as beneficial use (New 
Mexico Attorney General Opinion No. 98-01). 

Under the New Mexico Groundwater Code, the state engineer obtains control over groundwater 
by ‘declaring’ a groundwater basin; all basins in the state have been “declared.” In a declared 
basin, groundwater rights are established by appropriation or by diverting water and putting it to 
beneficial use. Water users must possess a permit from the State Engineer for new groundwater 
appropriations, alterations to existing uses, and drilling of supplemental or replacement wells 
(N.M. Stat. §§72-12-1–72-12-24). Unlike Texas, New Mexico’s legal system recognizes that 
groundwater and surface water are connected, which means that both groundwater and surface 
water rights must be considered in appropriation decisions (Hydro Resources Corp. v. Gray, 173 
P.3d 749, 756 [N. Mex. 2007]).  
 
Mexican Law  

In line with ancient Spanish Law, groundwater and surface water in Mexico are public resources; 
both are considered the property of the nation. Water entitlements are not linked to property 
titles, but can traded, leased or transferred.  Water law in Mexico is primarily the responsibility 
of the federal government, through the National Water Commission (CNA or CONAGUA). The 
main law governing water resources in Mexico is the National Water Law of 1992, revised in 
2004. The 2004 revision created two new kinds of water entities: basin councils (Consejos de 
Cuenca) and Basin Agencies (Organismos de Cuenca). Basin agencies are regional 
administrative branches of CONAGUA, which retains the ultimate decision-making power. The 
26 basin councils, which consist of representatives of the federal government, state and 

                                                             
50 Municipalities in New Mexico may hold water rights up to 40 years without beneficial use if they expect to use 
the water within that period (NM Stat § 72-1-9 (2017). 
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municipal governments, water users, and NGOs, are consultative bodies rather than decision-
making bodies. CONAGUA is responsible for infrastructure projects for the use and 
transportation of national waters. The Mexican states can regulate groundwaters, and 
municipalities oversee providing water and sewage public services. Water use by political 
subdivisions and private users in Mexico is authorized by the issuance of an administrative 
concession from CONAGUA. 
 
 

Binational and Inter-State Governance of Water in the PdN 
Effective water institutions are critical to transboundary water management, but there is no “one-
size-fits-all” institutional arrangement to coordinate decision-making.51 The effectiveness of 
institutional configurations concerning water resources depends on, among other things, the 
physical attributes of the natural resource system, cultural and normative values associated with 
the resource, scale-dependent relationships, and jurisdictional complexities.52  
 
Treaty-Mandated Institutions 

Four legal frameworks manage the Rio Grande Basin: the Rio Grande Compact, the Pecos River 
Compact,53 the 1906 Convention, and the 1944 Water Treaty.54 They legally mandate the 
allocations and management for each nation and state. While several sustainability requirements 
must apply to individual stakeholders, a sustainability plan must also be embedded within these 
legal frameworks that apply to the basin as a whole. The minute process of the 1944 Water 
Treaty, described below in section 1.4.5, provides the framework for ensuring that the 
environment and future generations have enough water to sustain the basin system. 

These frameworks establish the formal institutions and govern transboundary water use through 
constitutional-choice rules. Legal frameworks governing transboundary water resources 
management of the Rio Grande/Río Bravo provide enforceable mandates to allocate 
transboundary water resources, prioritize water uses, and establish bi-national water management 
agencies.  
 
The Rio Grande Compact 

The states of Colorado, New Mexico, and Texas signed an inter-state agreement in 1939 known 
as the Rio Grande Compact under which Colorado committed itself to deliver a specified amount 
of Rio Grande water to New Mexico and New Mexico, as well as a prescribed amount of water 

                                                             
51 OECD, “OECD Principles on Water Governance.” 
52 Ostrom, Governing the Commons, page 89; See Edella Schlager and William A. Bloomquist, Embracing 
Watershed Politics (Boulder, CO: University of Colorado Press, 2008). 
53 This is of lesser importance to this study’s focus area but is worth mentioning. 
54 Luzma Fabiola Nava, Christopher Brown, Katalin Demeter, Frédéric Lasserre, Maria Milanés-Murcia, Stephen 
Mumme, and Samuel Sandoval-Solis, “Existing Opportunities to Adapt the Rio Grande/Bravo Basin Water 
Resources Allocation Framework,” Water 8 (July 2016): 1-24, doi: 10.3390/w8070291. 
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to Texas.  The Rio Grande Compact Commission is the primary body governing the allocation of 
water upstream of El Paso. 

The Compact also establishes some water quality standards.  The Closed Basin in the San Luis 
Valley of Colorado is a rich source of groundwater without any outlet.  The Closed Basin 
Project, approved in 1972 and operated by the U.S. Bureau of Reclamation, transfers 
groundwater from the basin to the Rio Grande, thereby providing a greater amount of water for 
irrigation in Colorado and more reliable flow to meet the 1906 Treaty obligations to deliver 
water to Mexico.  Part of the Compact stipulates that if the salinity of the water delivered to the 
Rio Grande exceeds a specified ceiling, Colorado may not count that amount toward meeting its 
Compact obligations to deliver water to New Mexico. 
 
The Pecos River Compact 

The Pecos River Compact (1948) is an interstate agreement between New Mexico and Texas that 
established the Pecos River Commission to oversee the allocation of Pecos River water between 
the two states.  Although the Pecos River enters the Rio Grande/Río Bravo well downstream 
from the Paso del Norte, the Compact nevertheless has an indirect influence on the PdN in its 
effects on the supply of water in New Mexico.  The Compact mandates that Texas receive an 
annual allocation of water equal to the flow that the river achieved in 1947.  This arbitrary 
mandate caused New Mexico to find itself in growing deficit.  In 1988 the U.S. Supreme Court 
found that owed Texas the equivalent of $14 million for the loss of water it was due under the 
Compact.  Upstream/downstream conflicts of rights between New Mexico and Texas can 
complicate similar disputes among these same parties on the far more important reach of Rio 
Grande/Río Bravo that they share. 
 
The 1906 Convention 

The 1906 Convention represented a groundbreaking compromise between the two nations. It is 
the first treaty entered into by the United States that deals exclusively with an international 
watercourse.”55 The agreement provides Mexico with a scheduled delivery of 60,000 acre-feet of 
water annually in exchange for the U.S. claiming more than 90 percent of the annual average 
flow of the Rio Grande/Río Bravo. The monthly schedule of allocations is specified. The 
Convention also provides for water sharing between the two counties at the Mouth of the 
Colorado River. The Convention was ahead of its time in taking drought conditions into account, 
equitably clarifying that decreased waters from drought conditions should be proportionally 
applied to each nation.56  
 
 
 

                                                             
55 Stephen C. McCaffrey, “The Harmon Doctrine One Hundred Years Later: Buried, Not Praised,” Natural 
Resources Journal 36 (1996): 580.  
56 "Convention between the United States and Mexico: Equitable Distribution of the Waters of the Rio Grande," 
U.S. and Mexico, January 16, 1907, https://www.ibwc.gov/Files/1906Conv.pdf. 
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The 1944 Treaty and the IBWC/CILA 

For both nations, the 1944 Treaty is the most important of the aforementioned legal institutions. 
The Supreme Court of the United States affirmed the federal government’s vested interest in 
prioritizing Treaty commitments over compact claims in the recent case disputing water 
allocation between New Mexico and Texas.57 The diplomatic and structural mandates of the 
Treaty established the IBWC/CILA.58 

One of the biggest challenges in the work of the IBWC/CILA, interviewees explained, is the 
difference in legal framework between the United States and Mexico. Because the Mexican 
water management system is federally governed, and the United States’ water management 
system is state-based, the dynamic in international management of this shared resource is 
complex and multi-faceted. 

Three international rivers fall under the Treaty. The Rio Grande/Río Bravo is the primary focus 
of this study, fitting the wider research focus of an engineered river in arid lands. The Tijuana 
River (Río Tijuana) flows originates in the mountains of Southern California, then flows south to 
Baja California, and returns north to the United States to empty into the Pacific Ocean just south 
of San Diego Bay. The Colorado River is one of the most important rivers for both countries. 
With headwaters in the central Rocky Mountains of Colorado, it runs south into the Colorado 
River Delta of Baja California and Sonora. More stakeholders depend on the Colorado’s more 
abundant waters than on the other two international rivers. When we discuss the Minute Process, 
below, it is of interest to remember that out of a total of 323 minutes, approximately one third—  
111 directly, and 16 indirectly—relate to the Rio Grande/Río Bravo.59 

The IBWC/CILA oversees transboundary water cooperation between the U.S. and Mexico. The 
Treaty grants the Commission the authority to interpret the Treaty, to implement commitments, 
and to resolve disputes through the “minute” negotiation process.60 Under the authority of the 
IBWC/CILA, the Treaty establishes within itself flexibility for adapting to changes in 
environmental conditions and user demands. When a novel condition arises over which the 1944 
Treaty does not have a clear directive, the IBWC/CILA Commissioners develop a way forward 
under its cooperative structure and binational commitments. 

According to interviews conducted, delegates from both nations constitute the Commission and 
communicate regularly to solve issues in the border region. The IBWC/CILA works closely with 
other federal-level institutions. They communicate regularly with the EPA on issues related to 
water quality, while their partnership with the Bureau of Reclamation typically pertains to issues 
related to water quantity. They also work closely with CONAGUA and the State Department, 
                                                             
57 Chuck Lindell, “Court Backs Texas in Rio Grande Fight: U.S. Can Intervene in Water Dispute with New Mexico, 
Gorsuch Says,” Austin American Statesman, 5 March 2018. Water Rights, B1, B3. 
58 Stephen P. Mumme, “Enhancing the U.S.-Mexico Treaty Regime on Transboundary Rivers: Minutes 317-319 and 
the Elusive Environmental Minute,” Journal of Water Law 25, (2016): 27-37. 
59 Author’s calculations based on "Minutes 1 through 179," Treaties / Minutes, accessed April 23, 2018, 
https://www.ibwc.gov/Treaties_Minutes/Min_1_179.htm and "Minutes Between the United States and Mexican 
Sections of the IBWC," Treaties / Minutes, accessed April 23, 2018, 
https://www.ibwc.gov/Treaties_Minutes/Minutes.html. 
60 Mumme, “The Evolution of Natural Resource Conservation Capacity on the U.S.-Mexico Border (2015):21 
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working to broker implementation agreements through the Commission’s “minute process.” The 
Commission also maintains relationships with the U.S. Army Corps of Engineers. IBWC/CILA’s 
interactions with state and local institutions are specific to the region, but they maintain working 
relationships with state-wide entities in Texas, like the Texas Commission on Environmental 
Quality (TCEQ) and the Texas Water Development Board (TWDB). 

Personnel involved in the IBWC/CILA on each side of the border, as well as those involved in 
other legal institutions within the Rio Grande Basin, know one another on an interpersonal basis. 
Concluding from interviews described more thoroughly below, the personnel view their roles 
largely as technical rather than national or partisan. Due to the interpersonal and technical 
aspects of their interactions, they produce quality work and are largely unhindered by domestic 
politics on either side of the border and political challenges between the nations. 

The 1944 Water Treaty specifies that the international waters are to be used for domestic and 
municipal uses, agricultural purposes, stock raising, and any other beneficial use. As Nava et al. 
(2016) point out, the flexibility in interpretation and implementation of the Treaty allow 
“beneficial uses” to be interpreted to address emerging issues, such as sustainability concerns 
regarding both water quantity and quality,61 provided there is political will between the nations. 
 
The “Minute Process” of the 1944 Treaty 

The signature hallmark of the 1944 Treaty was the establishment of the “minute process”, an 
instrument that enables IBWC/CILA to implement the provisions of the Treaty, address 
emerging issues and resolve disputes.  In their simplest form, the Treaty minutes are records of 
IBWC/CILA meetings that discuss the interpretation and implementation of the Treaty. More 
succinctly, the minute process of the Treaty is a unique opportunity for improving the 
implementation of the agreement without requiring the micromanagement of authorities in 
Washington DC or Mexico City.  Unless the U.S. State Department or the office of the Mexican 
Secretary of External Relations raises concerns with the provisions of a minute within 30 days, it 
automatically becomes official policy with the force of law.  This feature of the 1944 treaty is 
unique in international transboundary water management and offers potential lessons beyond the 
U.S.-Mexico border. 

Minutes are not amendments to the Treaty; they are negotiated agreements for how to apply 
Treaty requirements. Understanding minutes as implementing agreements allows both states to 
fulfill Treaty commitments in the face of changing environmental and technical conditions and 
emerging stakeholder demands. Furthermore, minutes add clarification for exactly how the 
involved parties and agencies are to implement the Treaty.  

Water quality has been addressed in numerous minutes regarding salinity control for the 
international rivers. Mumme (2015) states that Minute 242, the first of the minutes to control 
salinity, is “the first U.S.-Mexico agreement on record to be reached in the context of a cross-

                                                             
61 Nava et al., "Existing Opportunities to Adapt the Rio Grande/Bravo Basin Water Resources Allocation 
Framework," 8. 
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border controversy over what would come to be understood as ‘ecological sustainability.’”62 
Water quantity for sustainability purposes is also beginning to be addressed through the minute 
system. Allocation for ecological restoration and conservation efforts has potential in the Rio 
Grande. A major benefit to developing sustainability initiatives within the context of the minute 
system of the Treaty is that minutes are legally a part of the Treaty, yet do not require the 
ratification of either nation’s federal legislature. Thus, gaining the approval for minutes is largely 
a technical rather than a political process; nonetheless, approved minutes become a binding 
agreement between the countries. 
 
The North American Free Trade Agreement (NAFTA) 

Although the primary institutional and managerial institution for the Rio Grande Basin is the 
IBWC/CILA, the North American Free Trade Agreement (NAFTA) has a distinct influence on 
environmental standards and cooperation between the two countries. The IBWC/CILA continues 
to have institutional authority over water management in the basin and primacy of the 
Commission’s leadership in these matters is recognized in NAFTA’s structures. 

NAFTA also led to the creation of the agreement to establish the Border Environment 
Cooperation Commission (BECC) and the North American Development Bank (NADB). 
Mumme (2015) clarifies how BECC and the NADB are “directly linked for developing and 
financing needed environmental infrastructure projects in the border zone. In this division of 
labor, BECC [is] to provide technical support and receive and certify viable proposals for 
financing employing sustainable development criteria. NADB [is] to play a key role in financing 
certified projects.”63 The IBWC/CILA’s authority is connected to structures created by NAFTA 
via official advisory roles in the BECC. 

Opinions on NAFTA’s impact on the environmental sustainability of the transboundary rivers 
are mixed. Some argue that the deal weakened environmental standards, deprioritizing them in 
relation to economic deals.64 On the other hand, NAFTA and its negotiation process strengthened 
institutional capacities to the benefit of binational sustainability and conservation efforts. For 
instance, the debate over NAFTA in part enabled the Integrated Border Environmental Plan of 
1991.65 This Plan strengthened cooperation capabilities for institutions on both sides of the 
border, better enabling them to work together for environmental protection or conservation. 
 
 
 
 

                                                             
62 Stephen P. Mumme, “The Evolution of Natural Resource Conservation Capacity on the U.S.-Mexico Border: 
Bilateral and Trilateral Environmental Agreements since La Paz,” Review of Policy Research 32, no. 1 (2015):19, 
doi: 10.1111/ropr.12109 
63 Mumme, “The Evolution of Natural Resource Conservation Capacity on the U.S.-Mexico Border (2015):26 
64 The Sierra Club et al, “NAFTA: 20 Years of Costs to Communities and the Environment”, March 2014, 
https://content.sierraclub.org/creative-archive/report/2014/03/nafta-20-years-costs-communities Accessed August 
16, 2018. 
65 Mumme, “The Evolution of Natural Resource Conservation Capacity on the U.S.-Mexico Border (2015):21. 
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Federal Institutions Governing the Rio Grande/Río Bravo 
Integral to research of the federal institutions involved in water resources management in the 
Paso del Norte region are the federal institutions including U.S. Bureau of Reclamation (USBR), 
The U.S, Army Corps of Engineers, Mexico’s Comision Nacional del Agua (CONAGUA), the 
Environmental Protection Agency (U.S. EPA), and Mexico’s Secretaría de Medio Ambiente y 
Recursos Naturales (SEMARNAT). The roles of major institutions in the Paso del Norte region 
are briefly discussed below and summarized in Table 1.1. 

The relationships between these federal institutions are essential to the sustainable management 
of water in the Paso del Norte region. The interaction among these institutions and with other 
institutions at the local and regional levels of water resources management is also integral to the 
region’s sustainability. However, given the complexity of an interstate, international water 
resource, maintaining relationships among the various institutions is no easy task. We discuss the 
role of selected institutions in the following paragraphs.  
 
U.S. Bureau of Reclamation (USBR) 

The Bureau of Reclamation’s mission is to “manage, develop, and protect water and related 
sources in an environmentally and economically sound manner in the interest of the American 
public.” USBR aims to solve water issues through its interactions with governing institutions and 
stakeholders, including federal entities and regional or local irrigation districts. As the largest 
provider of water in the United States, USBR struggles with the immense challenge of meeting 
an increasing water demand in the face of decreasing water supply, especially in Western states, 
including the Paso del Norte region.  According to the Department of the Interior, “The USBR 
also faces challenges in water management, including appropriately issuing and managing 
cooperative agreements with water contractors.” 
 
U.S. Environmental Protection Agency (U.S. EPA)  

This federal agency is charged with the administration of most major mandates that focus on the 
environment.66 Most of these legislative mandates call for decision makers within the EPA to set 
specific limitations or requirements on regulated bodies, and procedures that allow for public 
commentary in the process of determining these specifications are required by law.67 In terms of 
water governance, the EPA’s Office of Water oversees the implementation of water quality 
legislation, working with state and local governments, among other groups, in order to ensure 
safe drinking water and maintain or restore aquatic ecosystems.68 
 
 
 

                                                             
66 Richard D. Morgenstern, “Economic Analyses at EPA: Assessing Regulatory Impact.” Resources for the Future, 
New York, pp. 5-9. 1997. 
67 Ibid. 
68 United States Environmental Protection Agency. “About the Office of Water.” 
https://www.epa.gov/aboutepa/about-office-water Accessed April 14, 2018. 
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The Border 2020 Initiative  

With a focus on the U.S.-Mexico border, Border 2020 is a collaborative international initiative 
between the EPA and SEMARNAT. One of the program’s goals is to improve access to clean 
and safe water through the work of regional working groups.  This includes a New Mexico-
Texas-Chihuahua working group, which focuses on Paso del Norte region. The Water Task 
Force within this group seeks to further the relationships between stakeholders in the United 
States and Mexico and provide information that assists in decision-making around key water 
issues. 
 
Comisión Nacional del Agua (CONAGUA) and Secretaría de Medio Ambiente y Recursos 
Naturales (SEMARNAT) 

As the centralized water governance entity in Mexico, CONAGUA regulates exploitative or 
excessive water use. Tasked with country’s water preservation and administration, this 
commission is positioned within SEMARNAT, which is charged with the more comprehensive 
mission of protecting and conserving the country’s entire ecosystem.69 However, it operates 
largely as an autonomous body and is also responsible for maintaining the sustainable use of 
water throughout Mexico. 

CONAGUA considers an important part of its duties to be the implementation of commitments 
of the 1944 Water Treaty. The agency interacts with state and municipal water agency 
counterparts but maintains national authority in terms of the regulation of water quality and 
quantity.  As in the United States, this authority and implementation occurs via the technical 
process of controlling and regulating water flows in the dams and reservoirs of the basin. Its 
major challenges lie in the regional management of the diverse water needs of Mexican states. 
 
Instituto Mexicano de Tecnología del Agua (IMTA) 

IMTA acts as the research arm of CONAGUA and is coordinated by SEMARNAT. This 
organization focuses on water management at a regional and national scale, particularly aiming 
to encourage new approaches to resource equity, efficiency, and sustainability. The agency 
works closely with its centralized partner, CONAGUA, in the formation of federal programs. It 
collaborates with different regions to determine relevant needs and challenges as well and 
universities and private industries to disseminate information and encourage innovation. 
 
 

State and Local Institutions Governing the Rio Grande/Río Bravo 
Major state and local institutions in water resource management in the region include the Texas 
Commission on Environmental Quality (TCEQ), the Texas Water Development Board (TWDB), 
and New Mexico’s Office of the State Engineer (NM OSE). Local institutions related to water 

                                                             
69 Jorge Guardiola, Francisco González-Gómez, Ángel Lendechy Grajales “Is Access to Water as Good as the Data 
Claim? Case Study of Yucatán.” International Journal of Water Resources Development, 26:2, 219-233. 2010 
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resource management include municipal water utilizes, particularly El Paso Water Utilities 
(EPWU), Groundwater Conservation Districts (GCD), and irrigation districts in the region. 

A few state and local water management organizations exist in Mexico; they operate directly 
under the authority of CONAGUA. 
 
Paso del Norte Water Task Force  
The Paso del Norte Water Task Force aimed to strengthen information and communication 
between international stakeholders. This task force was structured similarly, including balanced 
participation from Texas, New Mexico, and Chihuahua, as well as equal representation from 
participants with different interests (i.e. municipal water utility, community leaders, business 
leaders, irrigation districts, and water experts). History and work by the Taskforce are discussed 
in detail in chapter 2. 
 
Texas Commission on Environmental Quality (TCEQ)  

The TCEQ, in terms of the Rio Grande and the Paso del Norte region, focuses on maintaining 
water quality. The Commission works with the U.S. Geological Survey, which is the entity that 
gauges stream flows for the state’s river basins. TCEQ also works with the USBR, as it operates 
Texas reservoirs, and regularly receives information from the Army Corps of Engineers. Given 
that environmental quality is the mission of TCEQ, this organization also works with the Texas 
Parks & Wildlife to protect Texas’ native wildlife through management of the state’s water 
resources. Like USBR, TCEQ struggles with climate effects on water resources. Not only would 
a decreased flow to the state of Texas through the Rio Grande affect water quantity, but it would 
also threaten water quality, which in turn would have an impact on the fisheries and wildlife in 
Texas. 
 
Texas Water Development Board 

This governor-appointed board was originally created as a reaction to the region’s drought in the 
1950s. It currently fulfills various roles, including provision of financial assistance for water 
projects as well as collection and dissemination of data and information throughout the state.70 
TWDB also publishes the State Water Plan, which tackles the challenge of water conservation, 
proposing increasing water supply through a various means.71 The Board works closely with 
stakeholders, organizations, and agencies in order to make recommendations related to water 
resources management. 
 
New Mexico Office of the State Engineer (NM OSE) 

This office is the state’s key authority in water resource administration. This agency is 
responsible for administering water rights throughout the state as well as ensuring water quality 

                                                             
70 Texas Water Development Board. “About the Texas Water Development Board.” Accessed April 17, 2018. 
www.twdb.texas.gov 
71 The Meadows Center for Water and the Environment. “Water Grand Challenges: Water Conservation.” 2013. 
Accessed April 17, 2018. 
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and quantity.72 The formation of a Drought Task Force in this office demonstrates New Mexico’s 
primary challenge in water resources management: sustainability amidst decreasing water 
supply.73 
 
El Paso Water Utilities (EPWU)  

El Paso Water Utilities is responsible for the provision of water services to the city of El Paso. 
They coordinate with several institutions at all levels, including IBWC/CILA. Because of its 
unique position within the water management system, it is a key player in the interstate and 
international decision making in the Paso del Norte region.  
 
Water Conservation Districts  

Groundwater Conservation Districts in Texas are quasi-municipal agencies with oversight over 
local groundwater. Districts in the Paso del Norte region include Hudspeth County, Culberson 
County, and Jeff Davis County. They work directly with local stakeholders as well as state 
governing bodies like TCEQ and the TWDB. In New Mexico, Soil and Water Conservation 
Districts perform similar functions, and the Region III and Region IV Districts are especially 
relevant to the Paso del Norte. While not officially related to many of the institutional, 
international arrangements for the Rio Grande Basin, including IBWC/CILA, these districts are 
important players in the broader institutional network. 
 
Irrigation Districts  

Irrigation Districts in the Paso del Norte region manage surface water to deliver the resource to 
agricultural customers efficiently and equitably. Because agriculture comprises such a large 
share of water use in the area, irrigation districts are integral to the potential of strengthening 
institutionalized sustainability in the area. They are also key to stakeholder engagement, given 
their direct contact with these actors. 

 

 

 

 

 

 

 

                                                             
72 Charles DuMars, Michele Minnis. “New Mexico Water Law: Determining Public Welfare Values in Water Rights 
Allocation.” Arizona Law Review. 31: 817. 1989. 
73 Tom Turney. “Water, Growth and Sustainability: Planning for the 21st Century.” New Mexico Water Resources 
Research Institute. Albuquerque, New Mexico: December 2000.  
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Table 1.1 
Major Water Management Institutions in the Paso del Norte Region 

Institution Level Role 
Comision Nacional del 

Agua (CONAGUA) 
Federal CONAGUA is the federal agency that 

controls the water system in Mexico. 

Secretaría de Medio 
Ambiente y Recursos 

Naturales 
(SEMARNAT) 

Federal This ministry is responsible for the 
restoration, protection, and 

conservation of the Mexican 
ecosystem. CONAGUA is a unit of 

this ministry 
Instituto Mexicano de 
Tecnología del Agua 

(IMTA) 

Federal This research arm of CONAGUA 
develops technology to efficiency 
utilize and manage water use in 

Mexico. 
U.S. Bureau of 

Reclamation (USBR) 
Federal  

Environmental 
Protection Agency 

(EPA) 

Federal The EPA is generally responsible for 
administering environmental 

mandates. 
EPA: Border 2020 Federal This collaborative effort towards 

sustainability of resources stretches 
across New Mexico, Texas, and 

Mexico. 
Texas Commission on 

Environmental Quality 
(TCEQ) 

State In terms of the Paso del Norte region, 
TCEQ focuses on water quality. 

Texas Water 
Development Board 

(TWDB) 

State The Board is the Texas’s water 
administration authority and develops 
water conservation recommendations. 

New Mexico Office of 
the State Engineer 

(NMOSE) 

State New Mexico’s water administration 
authority 

Irrigation Districts Local These districts manage surface water 
to deliver water to agricultural 

customers efficiently and equitably. 

Groundwater 
Conservation Districts 

Local In Texas, these quasi-municipal 
agencies have oversight over local 

groundwater. 
El Paso Water Utilities Local Responsible for the provision of water 

services to the city of El Paso. 
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 Analysis of Institutional Performance 
The opportunity to formulate and implement a formal basin-wide or PdN sustainability plan 
could originate from new legal frameworks governing transboundary water users in the Paso del 
Norte region of the Río Grande/Bravo region – a costly and time-intensive undertaking – or 
could be derived from flexible interpretations of the original mandates and authorities of existing 
legal frameworks. This section examines selected minutes that potentially provide a foundation 
for developing a sustainability plan for the Rio Grande/Río Bravo region.  

Several minutes from recent decades stand out as promoting an environmental agenda in 
managing the rivers. Numerous minutes have addressed issues of water quality and salinity. A 
few have advanced wastewater treatment or have temporarily allowed wiser management of the 
basin in the face of shocks, such as earthquakes. Several minutes: 307, 308, 319, and 323, are of 
particular importance when considering the development of a sustainability plan for the Rio 
Grande. These minutes set a precedent for managing for sustainability of engineered rivers in 
arid lands. 

Understanding the institutions involved in governance of the Rio Grande/Río Bravo Basin, this 
section analyzes the opportunity for the minutes process to be a “convening” institution for 
formulation and implementation of a basin-wide sustainability plan. Based on our work, we 
believe that the minutes process provides a good vehicle   for the formulation and 
implementation of a basin-wide sustainability plan in the Paso del Norte region of the Rio 
Grande/Río Bravo basin. 
 
Minute 307: Partial Coverage of Allocation of the Rio Grande Treaty Tributary Water 
Deficit from Fort Quitman to Falcon Dam  

This minute arose in 2001 from Mexico’s partial deficit of water allocations to the US.74 The 
IBWC/CILA recognized the possibility that Mexico would simply not have enough water to 
fulfil its Treaty obligations by the end of the five-year cycle defined by the 1944 
treaty. The focus of Minute 307 was to develop contingency plans for Mexico’s water delivery 
during the remainder of that five-year cycle.  

What makes this minute remarkable for a sustainability plan is the inclusion of language calling 
for efforts to achieve such a document:   

[The] two Governments, animated by a spirit of friendship that prevails in the 
relationship between the two countries and committed to prevent recurrence of the 
situation considered in these discussions will work jointly to identify measures of 

                                                             
74 Anabel Sánchez, "1944 Water Treaty Between Mexico and the United States: Present Situation and Future 
Potential," Frontera Norte 18, 36, (July-December 2006): 125-144. 
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cooperation in the areas of drought management and sustainable management of this 
basin.75 (emphasis added.)  

Minute 307 was thus the first to commit the nations to consider how to better manage for drought 
conditions in a sustainable way.  
 
Minute 308: United States Allocation of Rio Grande Waters During the last Year of the 
Current Cycle 

Both the dispute resolution benefits and the potential for embedding sustainability mechanisms 
in the minutes process were furthered in the negotiation of Minute 308. Minute 308 successfully 
resolved the previously mentioned water supply concern between the nations. It also established 
conservation projects on the Río Conchos, a river in Mexico that feeds into the Rio Grande 
watershed.  

In Minute 308, the nations gained incremental and actionable progress toward a sustainability 
plan by recognizing the need to conduct studies on drought management for the Rio Grande 
Basin. The nations committed to information sharing for these studies so that “the proper 
authorities in each country may coordinate their respective drought management plans” 
(emphasis added).76 Minute 308 also reaffirmed the desire of the nations for a sustainable basin 
management plan, though no movement to create such a plan has been enacted as of this time. 
The minute suggested the need for an International Advisory Council to become a forum 
providing information and advice from government and non-government organizations. The 
proposed advisory council is envisioned to help meet the explicit goal of taking “a step to 
strengthen the [IBWC/CILA’s] role in the area of sustainable management of the basin and 
drought management planning.”77 The recommendations of Minutes 307 and 308 have not been 
fully acted upon; a sustainable basin-wide management plan has yet to be developed.  
 
Minute 319: Interim International Cooperative Measures in the Colorado River Basin 
through 2017 and Extension of Minute 318 Cooperative Measures to Address the 
Continued Effects of the April 2010 Earthquake in the Mexicali Valley, Baja California  

Minute 319 was a temporary but important minute relating to the Colorado River. Minute 319 
was a direct response to the 2010 earthquake in Mexico, which prevented the country from using 
its full water allocation. The agreement temporarily allowed Mexico to store waters in the U.S. 
until its allocation could be safely used. More broadly though, the minute allowed the nations to 
share either shortages or surpluses, depending on environmental conditions. 

                                                             
75 "Minute 307: Partial Coverage of Allocation of the Rio Grande Treaty Tributary Water Deficit From Fort 
Quitman to Falcon Dam," International Boundary and Water Commission United States and Mexico, March 16, 
2001, page 2, https://www.ibwc.gov/Files/Minutes/Min307.pdf.  
76 “Minute 308: United States Allocation of Rio Grande Waters During the last Year of the Current Cycle,” 
International Boundary and Water Commission United States and Mexico, 28 June 2002, 
www.ibwc.gov/Files/Minutes/min308.pdf. 
77 Minute 308, IBWC, page 4. 
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More innovate yet, Minute 319 provided an experimental pulse flow to rejuvenate the Colorado 
Delta. This massive allocation in support of the environment expresses how the minutes process 
is a useful and effective mechanism for implementing a sustainability plan. 
 
Minute 323: Extension of Cooperative Measures and Adoption of a Binational Water 
Scarcity Contingency Plan in the Colorado River Basin 

This opportunity for sustainability in the face of adjusting to drought conditions under the 
Treaty’s authority has been taken up and acted upon in the Colorado River. Minute 323 
expanded the temporary features of Minute 319 and negotiated for Colorado River waters to be 
allocated based on changing water flow levels and to provide waters for conservation or 
environmental restoration purposes.78 For instance, the minute expanded the temporary measure 
of 319 by providing more regular pulse flows for the restoration of the Colorado Delta. Minute 
323 spells out how to adjust specific allocation measures between the two countries based on 
reservoir high- or low-level conditions. It specifies the institutional arrangements for determining 
which elevation condition is occurring, and how to manage water deliveries in each 
circumstance. Since both nations struggle with droughts and floods, this mechanism allows for 
the countries to better manage the shared water resource and adjust for meeting their user needs. 

What makes this innovative minute important to the current study is the precedent it sets for 
cooperation, stakeholder involvement, and the prioritization of the environment. Though Minute 
323 applies to the Colorado specifically, these precedents would be beneficial to the Rio 
Grande/Río Bravo as well. The IBWC/CILA and other institutions on the Colorado River are 
better prepared to draft a basin wide sustainability plan because of Minute 323. 

Climate change will require water-managing institutions to create these sorts of mechanisms. 
Any sustainability plan must consider how management will be affected by climatic conditions 
becoming more extreme: droughts becoming more intense and floods more volatile. 

For any basin, a sustainability plan must likewise have flexible, adjustable provisions. Because 
of the minutes described in this section, the IBWC/CILA and their partners are likewise enabled 
to make progress on developing a sustainability plan specific to the environmental, institutional, 
and user needs of the Rio Grande/Río Bravo Basin. 
 
The Potential of the Minute Process 

The minute system provides fertile ground for a sustainability plan for the Rio Grande, based on 
a continuation and expansion of the processes begun in previous minutes. Minutes 307 and 308 
call for such a development. Minutes 319 and 323 sets a precedent for how this can come about. 
This study does not propose a mirrored Minute 323 for the Rio Grande. A comparable minute for 
                                                             
78 "Minute 323: Extension of Cooperative Measures and Adoption of a Binational Water Scarcity Contingency Plan 
in the Colorado River Basin,” International Boundary and Water Commission United States and Mexico, September 
21, 2017, https://www.ibwc.gov/Files/Minutes/Min323.pdf. and Regina M. Buono and Jill Baggerman, “Mexico-
U.S. Cooperation on the Colorado: Prioritizing Sustainability Under Minute 323, 15 January 2018, 
https://www.internationalwaterlaw.org/blog/2018/01/15/mexico-us-continued-cooperation-on-the-colorado-river-
under-minute-323/ 
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the easternmost transboundary river must incorporate other aspects, given the hydrological 
differences between the rivers and the more extreme variability of environmental conditions for 
the Rio Grande. 

Minutes 308 and 323 and other environmentally beneficial minutes demonstrate how the minute 
process can serve as a meeting ground for the planners on both sides of the border to negotiate an 
actionable agenda for the transboundary waters. The IBWC/CILA Commissioners are 
experienced in creating such a sustainability plan.  
 
Minutes as an Enforceable, Actionable, Yet Flexible Sustainability Solution 
Because the minutes are implementation agreements for the Treaty, rather than merely a 
memorandum of understanding or agreement, they hold binding authority. This enforcement 
mechanism requires the involved actors to respond and adhere to the minute commitments. This 
is a notable advantage over other international sustainability initiatives, which are often 
nonbinding conference commitments rather than an addendum to a treaty. 

To recap how the planners for the Rio Grande can develop a sustainability plan: because the 
1944 Water Treaty includes beneficial use as a viable way to use the river waters, the 
IBWC/CILA has the authority to manage waters for environmental and economic sustainability 
purposes. Because of the unique minute system of the Treaty, the IBWC/CILA can embed a 
sustainability plan within the implementation mechanisms of the binational agreement. 

Perhaps because most of the IBWC/CILA Commissioners are from technical professions, the 
minutes are often precise in the institutional arrangement for implementation. As is the case for 
minute 323, the agreements typically specify the exact roles and responsibilities of the 
institutions necessary for implementing the agreement’s protocols. This further serves to make 
the minutes actionable. 

These enforcement and actionable measures are critical for a sustainability plan, but they are not 
quite enough. Effective management for environmental and economic sustainability necessitates 
that the arrangement be flexible, so that the systems can adapt to the inevitably changing 
conditions of the river. The minutes inherently allow for this adaptability, being their original 
purpose. As the Rio Grande Basin experiences increasingly variable climatic conditions, 
flexibility and adaptability will be key. The minute system thus provides the proper type of 
mechanism in which to embed the proposed sustainability plan. 
 
The Minute System as a Convening Institution for a Sustainability Plan 

The key word for using minutes as a convening ground for a sustainability plan is that it is a 
“process.” Minutes serve as a convening institutional arrangement before they serve as an 
implementing agreement. To apply the cliché of bringing all the relevant parties to the table, the 
minute system process is almost literally the table which can institute progress toward 
sustainability. The meeting of the IBWC/CILA, partner governmental agencies, and relevant 
stakeholders establishes the procedure for which a sustainability goals can be negotiated. Actions 
to implement shared priorities follow suit.  
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Institutional Linkages: Criticisms and Opportunities 
As previously mentioned, the study investigates the existing framework of the water resource 
management system in the Paso del Norte region by interviewing members of key institutions 
that influence or govern the region. The study gathers perspectives and insight from all levels of 
the management system and from water resources management systems in both the U.S. and 
Mexico.  

Even with the inclusion of multiple perspectives, a comprehensive understanding of the structure 
of this transboundary water management system is difficult to achieve for several reasons. The 
transboundary flow of the Rio Grande necessitates increased international and interstate 
cooperation. Decades of treaties and regulations guide the interaction and water flow between 
these entities. Additionally, each institution naturally focuses on its own role within the 
governance system. This “silting” of roles makes it difficult to understand the linkages between 
institutions and even more difficult to determine how improvements to these linkages can be 
made.  

In order to better understand this network of relationships or linkages, the information gathered 
will be viewed through the lens of Nobel Prize Laureate Elinor Ostrom’s Institutional Analysis 
and Development Framework.79  Elinor Ostrom was an important contributor to what is known 
as the New Institutional Economics and developed eight principles for managing shared 
resources.  Interestingly enough from the perspective of our study, her earliest work as a 
graduate student at UCLA focused on the governance of water resources in Southern 
California.80  Authors Heikkila, Schlager, and Davis (2011) show how to apply these principles 
to a transboundary water resource.81 

Existing institutional linkages in the Paso del Norte region are illustrated in Table 1.3, through 
the lens of fulfillment of Ostrom’s design principles.  
 
Ostrom’s Eight Principles for Managing a Commons 

Heikkila et al. (2011) present a unique methodology for applying Elinor Ostrom’s Institutional 
Analysis and Development Framework to managing common pool resource (CPR) between 
states.82 The authors explain that a CPR like water can create challenges, including individuals 
not seeing the benefit of limiting their access to the resource, which can contribute to resource 
depletion. Coupled with the arid climate of the Paso del Norte Region and rising climate 
concerns, management challenges are expectedly magnified. 

Heikkila et al. go on to explain the nexus of their study, cross-scale linkages, which they define 
as connections between “actors or collective bodies that function at different scales or levels of 

                                                             
79 Elinor Ostrom, Governing the Commons: The Evolution of Institutions for Collective Action. Cambridge 
University Press, 1990. 
80 https://www.telegraph.co.uk/news/obituaries/9329881/Elinor-Ostrom.html 
81 Tanya Heikkila, Edella Schlager, and Mark W. Davis. “The Role of Cross-Scale Institutional Linkages in 
Common Pool Resource Management: Assessing Interstate River Compacts.” The Policy Studies Journal 39(1): 
121-145, 2011. 
82 Ibid. 
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social organization or political jurisdiction.” Such connections are considered particularly 
advantageous in managing transboundary resources. Heikkila et al. base their framework of 
cross-scale linkages on types of linkages, or established interdependencies, between actors. The 
types of linkages they assess through interstate compacts are based on Ostrom’s eight design 
principles and are categorized as boundary establishment, appropriation and provision activities, 
collective choices, monitoring, enforcement, and conflict resolution. 

The application of each of these types of linkages to the Paso del Norte water resource 
management system is discussed below. The study integrates the constitutional elements of the 
governance framework (e.g. treaties) and collective choice activities (e.g. professionally 
collaborative meetings) in codifying the institutional linkages in the management organizations 
discussed above. 
 
Codification  

Principle 1: Boundary Establishment 
This type of linkage is related to Ostrom’s second design principle, which determines whether 
the institutional relationships or existing treaties establish membership around the watershed. In 
this specific case, the 1848 Treaty of Guadalupe-Hidalgo originally defined international 
boundaries, but the continued establishment of the U.S.- Mexico Border is determined by the 
IBWC/CILA, as an international effort. 
 
Principle 2: Allocation and Provision 
These types of linkage codify Ostrom’s second design principle. The Treaty of 1944 
demonstrates the allocation and provision linkage, as it allocates Rio Grande water from Fort 
Quitman to the Gulf of Mexico. The 1944 Treaty also determines the expected use of both 
countries. These provisions were detailed according to development in the Rio Grande basin at 
that time. Since the significant changes in development activity on both sides of the border, the 
ability of Mexico to maintain enough water in its reservoir to provide for its needs during 
drought have been questioned by some scholars. However, the IBWC as an equitable force has 
been praised as a successful element of the treaty. 

Several state and local institutions also collaborate serve Ostrom’s second design principle 
through provision of regional water resources, including the TWDB, NM OSE, and municipal 
water utilities.  
 
Principle 3: Collective Choice  
Collective choice linkages are associated with Ostrom’s third design principle and identify 
whether actors are forced to engage in some type of collective choice activity. The minute 
process, as previously discussed, serves to encourage some collaboration by key institutions and 
stakeholders. Therefore, the IBWC/CILA and the 1944 Treaty carry the torch in terms of 
solidifying this linkage. 

In discussions with members of multiple institutions in the region, the strength of professional 
relationships between institutions was mentioned at all levels of governance. Federal, state, 
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regional, and local institutions depend on the relationships that they maintain with other 
institutions to make decisions in the Paso del Norte region. However, as mentioned in Chapter 2, 
Stakeholder Engagement, stakeholders in the Paso del Norte region suggested regular regional 
meetings as a means to increase cooperation in decision making. This collective choice activity 
would fulfill Ostrom’s third design principle and increase collaboration across the basin. 
 
Principles 4 and 5: Monitoring 
The monitoring linkage is tied to Ostrom’s fourth and fifth principles, requiring a system for 
monitoring behavior of members and ensuring that the rule-making rights of members are 
respected by outside authority. In the most direct way, irrigation districts are responsible for 
monitoring the established water use agreements, but most national and state-level institutions 
take part in ensuring that water use, and flow,  is monitored accurately. 
 
Principles 6 and 7: Enforcement and Conflict Resolution 
The enforcement linkage, Ostrom’s sixth principle, identifies the existence of graduated 
sanctions for members who violate established rules. Ostrom’s penultimate principle identifies 
whether actors have access to a low-cost form of conflict resolution. While the minute system 
serves as a way for institutions to collaborate, it does not necessarily work as a conflict 
resolution tool. Conflicts that are not resolved internally simply remain unresolved, which 
according to Ostrom, does not qualify as a conflict resolution tool. As mentioned previously, 
professional relationships of actors across institutions have a significant effect on the work at all 
institutional levels. Therefore, these relationships serve both as collective choice activities as 
well as conditions that prevent the need for conflict resolution. 

Although not currently activated, the IBWC/CILA could use its authority to make this principle 
attainable, as it involves strong working relationships between stakeholders from both nations.  
 
Principle 8: Nestedness 
Ostrom’s final principle, which is not included in the codification system of Heikkila et al. 
(2011), suggests that a water resources management system should have an interconnected 
nature, where “nested” tiers depend on one another. The stress of relationships between 
institutions demonstrated a degree of “nestedness” within this CPR management system. The 
IBWC/CILA works closely with state institutions, who in turn govern the actions of local 
entities. However, the integration of stakeholder perspectives within these institutions is 
something that appears lacking. As discussed in Chapter 2, stakeholders expressed a desire to 
participate more activity in decisions related to water management in their area. 
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Table 1.2 
Codification of PdN Water Governance within Elinor Ostrom’s Eight Design 

1International Boundary and Water Commission/Comisión Internacional de Límites y Aguas 

2Comision Nacional de Aguas 
3U.S. Environmental Protection Agency 
4Secretaría de Medio Ambiente y Recursos Naturales 
5Texas Water Development Board 
6New Mexico Office of the State Engineer 
7Groundwater Conservation Districts 
8Border Environment Cooperation Commission 
9North American Development Bank 
*Includes the Rio Grande Compact Commission 
†Example: El Paso Water Utilities District (EPWU) and Junta Municipal de Aguas y 
Saneamiento (JMAS) 

 

 

Institution Principle 
#1 

Principle 
#2 

Principle 
#3 

Principles 
#4 & #5 

Principles 
#6 & #7 

Principle 
#8  

IBWC/CILA1 X X X X    
CONAGUA2  X  X    

Bureau of 
Reclamation    X    

U.S. EPA3    X    
SEMARNAT4    X    

TWDB5  X  X    
N.M.OSE6  X  X    

GCDs7        
1906 Convention        

1944 Treaty  X X     
1940 Rio Grande 

Compact*        

1983 La Paz 
Agreement        

BECC8        
NADB9        

Municipal Water 
Utilities†  X      

        
   X= "Realized"    
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Recommendations for Implementing a Sustainability Plan 
Recommendation 1: Use the minute process as vehicle for developing a sustainability plan. 

Meetings convened by the IBWC/CILA offer a convening opportunity for partner governmental 
agencies and relevant stakeholders to establish the process for which a sustainability plan can be 
negotiated. No minute occurs via a top-down fashion. Rather, to begin this process, IBWC/CILA 
meets with relevant stakeholders to assess what can be done to improve management of the Rio 
Grande/Río Bravo. Using these relationships, how to implement such a plan can be determined. 
Afterward, this plan can be formally institutionalized as an implementing agreement – formally: 
as a minute.  
 
Recommendation 2: Utilize the non-partisan nature of the IBWC/CILA to build 
relationships between states and other stakeholders. 
Individuals at various levels of this resource management system mentioned how working to 
manage this common pool resource goes beyond politics. Relationships between individuals at 
institutions within this system, even those whose interests might differ, are essential to this 
continued nonpartisan approach to managing water in the Paso del Norte region. As water 
scarcity continues to threaten the natural water resources of the region, the continued 
prioritization of professional cooperation is particularly important. 
 
Recommendation 3: Increase stakeholder engagement. 

One notable difference between minutes 308 and 323 is that Minute 308, the only major involved 
actors are the governments in the Rio Grande basin. In Minute 323, focused on the Colorado 
basin, nongovernmental organizations have an active, formal role.83 One advantage gained from 
their formal engagement in the western transboundary river is that several of these organizations 
represent the ecological needs of the environment.   

As will be discussed in Chapter 2, Stakeholder Engagement, information collected from 
stakeholders in the region indicates an opportunity for improvement based on more active 
stakeholder engagement. For example, groundwater Conservation Districts in the area have 
created the space for such engagement to occur, through regular public hearings.84 Given the 
need for increased stakeholder engagement in the consideration and implementation of 
sustainable water policy in the region, direct engagement through meetings or hearings like those 
at Groundwater Conservation Districts would be beneficial.  

This type of engagement would also increase the nestedness of the water resources management 
system in place in the region. This nestedness strengthens the system, which would pave the way 
for the success of sustainability plans in the future.  

 

                                                             
83 Buono and Baggerman, “Mexico-U.S. Cooperation on the Colorado,” 2018. 
84 Lisa Morton. “Groundwater Conservation District Holds Contentious Hearings.” The Van Horn Advocate. June 
15, 2017. https://thevanhornadvocate.com/2017/06/15/groundwater-conservation-district-hosts-contentious-
hearings/. 
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Recommendation 4: Existing governance institutions should collaborate with governmental 
and nongovernmental stakeholders to mitigate future water challenges. Formalize the 
collaboration using the minute process.  

The Improved Reservoir Operations chapter of this study highlights the potential contribution by 
outside actors to the management and governance of the basin with studies focused on mitigating 
the effects of future challenges in the Rio Grande/Río Bravo Basin. Minute 308 calls for the need 
of studies to benefit drought management, and the IBWC/CILA can initiate a collaborative 
process to this end. Academia and perhaps nongovernmental organizations have resources to 
enact such studies. 

For instance, as Chapter 3 specifies, experiments in other arid water bodies suggest the use of 
modular devices or palm-frond sheets as covers to mitigate water losses through evaporation. 
The study did not find similar studies under current evaluation by the Army Corps of Engineers, 
the Bureau of Reclamation, the IBWC/CILA or other institutions. Since such studies would 
benefit both countries and their water users, the IBWC/CILA should reach out to academics and 
science-based environmental groups to begin a collaborative process to consider water saving 
mitigation initiatives such as this. 

The stakeholder subgroup of this study found that stakeholders in the agricultural sector are 
concerned about projections of reduces water in the Rio Grande Basin. Conducting a study along 
these lines would address some of the fears. Collaborative studies such as this would better 
prepare both water users and providers with the knowledge of how much water will be available. 

Once governmental and nongovernmental collaboration is established, and institutional 
partnerships are arranged, the minute process can formalize the cooperation. Then, the priorities 
that all parties share, such as developing methods to adapt to drought and using water efficiently, 
can be better negotiated and implemented. 
 
 

Conclusion 
The Rio Grande basin, including the Paso del Norte sub-basin, benefit from a long history of 
transboundary cooperation in managing shared river water. Building on this history, the region 
should now move to the next level of cooperation: Adjusting water management to changing 
natural and economic conditions through development, implementation, and timely evaluations 
of sustainability plans for the Rio Grande basin and the Paso del Norte sub-basin.  
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Chapter 2. Stakeholder Engagement 
by Kelley Carter, Andrew Dennis, Noah Oaks, and Laura Thomas 

 
In this chapter we examine the role played by water stakeholders in the Paso del Norte (PdN) 
sub-basin of the Rio Grande/Bravo. Throughout the chapter we characterize PdN stakeholder 
activities with reference to a six-level engagement scale developed by the OECD. We begin with 
a brief description of PdN water stakeholders. We then review PdN stakeholder engagements to 
date and show what was accomplished and what is missing. Surveys of PdN water stakeholders 
tell us about their goals and priorities for policy engagement. Using survey results we 
recommend options for more active stakeholder engagement. Specifically, we recommend that 
stakeholders jointly draft, oversee and periodically update plans for sustainable management of 
water resources in the Paso del Norte sub-basin.  
 
 

Levels of Stakeholder Engagement 
In 2015 the OECD published the results of a massive study on the role of stakeholders in water 
policy.85 Based on 69 case studies of stake holder activities from around the world, the study 
identified six levels of increasing stakeholder engagement. They are: 

1. Communication: water-related information is made available to stakeholders. 
2. Consultation: stakeholders are identified, and their perception and goals are mapped. 
3. Participation: stakeholders participate in projects and policy discussions. 
4. Representation: stakeholders are represented in water management agencies. 
5. Partnerships: agreed upon collaboration among stakeholders. 
6. Co-decision: power among shareholders is shared.  

We use this classification in our assessment of stakeholder engagement in the PdN. 

 
 

PdN Water Stakeholders 
At the international level, the IBWC/CILA oversees river water allocation in the PdN sub-basin 
from El Paso/ Cd. Juárez to the gaging station at Fort Quitman, Texas. At the US federal level, 
the Bureau of Reclamation is responsible for surface water management from Elephant Butte 
reservoir to the international border. New Mexico and Texas play important roles through their 
state water agencies, each overseeing a different part of the PdN. In Mexico, CONAGUA is the 
lead water agency at the federal level. Agricultural water users in New Mexico, Texas and 
Chihuahua are organized in irrigation districts. Municipal water use is overseen by the city water 
utilities of Las Cruces, El Paso and Cd. Juárez. Ysleta del Sur Pueblo (YDSP), 13 km south of El 
Paso, represents the interests of the main native tribe in the PdN. Industrial water users, 
environmental groups and research specialists often participate in stakeholder projects. Water use 
                                                             
85 Stakeholder Engagement for Inclusive Water Governance, OECD Studies on Water. OECD Publishing. Paris 
2015. http://dx.doi.org/10.1787/978926423122-en 
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by the main stakeholders is outlined in the following paragraphs. 
 
Municipal Sector 

Water use by the main cities - El Paso, Texas, and Ciudad Juárez, Chihuahua - has increased 
exponentially between 1974 and 2015.86 Surface water usage has more than doubled in that time 
span. With municipal use of water expected to rise a further one hundred percent in the next 100 
years,87 it is imperative that municipalities are aware of water conservation concerns, 
transnational water policies, and municipalities’ ability to engage in the planning processes. 

El Paso, Texas has successfully implemented water conservation efforts that range from 
landscape development, replacement and retrofitting meters and pipelines, and educational 
outreach to encourage water savings.88 Las Cruces, New Mexico encourages conservation 
through education of citizens.89  
 
Agricultural Sector 

Farmers recognize the importance of water and can contribute to more efficient water use in a 
variety of ways: replacing field flooding by sprinkler systems, growing less water intensive 
crops, rain harvesting, good maintenance of distribution channels. The cost of improvements and 
market demand for water intensive crops limit progress to date. While the amount of farmland 
has remained somewhat constant in the Paso del Norte, the type of crops grown have changed 
substantially. Originally, traditional crops like cotton, alfalfa, and chilies were grown. More 
recently, pecan groves requiring much more intensive irrigation have been planted. Because 
pecan trees take longer to mature, and are a long-term investment for farmers, there is less 
flexibility with their water needs.90 This makes pecans groves a costly enterprise for farmers, 
both in terms of financial and water needs. 
 
Industrial Sector 

Using the Texas Water Development Board’s definition of “Industrial User of Water,” only three 
companies in El Paso County utilize Rio Grande waters for industrial purposes. The surface 
water use by each company for the preceding three years is shown in table 1.1. Surface water 
uses by New Mexico and Juárez, Mexico, entities are much more difficult to ascertain and, 
unfortunately, individual use data were not found.  

 

                                                             
86 "Historical Water Use Estimates." Historical Water Use Estimates | Texas Water Development Board. Accessed 
May 01, 2018. https://www.twdb.texas.gov/waterplanning/waterusesurvey/e 
87 "About the Rio Grande." U.S. International Boundary & Water Commission. Accessed March 9, 2018. 
https://www.ibwc.gov/CRP/riogrande.htm. 
88 "Conservation." Conservation - El Paso Water. Accessed May 01, 2018. https://www.epwater.org/conservation. 
89 "Water Conservation Program." Home. Accessed May 01, 2018. http://www.las-cruces.org/WaterConservation. 
90 Charles Turner, Edwin Hamlyn, and Oscar Ibanez. “The Challenge of Balancing Water Supply and Demand in the 
Paso del Norte.” Accessed March 12, 2018. 
https://faculty.utep.edu/LinkClick.aspx?link=the+Challenge+of+Balancing+Water+Supply+and+Demand+in+the+E
l+Paso+del+Norte.pdf&tabid=19444&mid=43213. 
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Table 2.1 
Water Use Survey 

Company 
Acre-Feet of Rio 

Grande Water Used 

2015 

Acre-Feet of Rio 
Grande Water Used 

2016 

Acre-Feet of Rio 
Grande Water Used 

2017 

Western Refining 
Company 1,395 743 1065 

Magnolia Coca-Cola 
Bottling Company 130 141 134 

International Paper 
Company – El Paso 

Container Plant 
18 18 15 

Total 1,544 902 1,214 

Source: Texas Water Development Board, http://www.twdb.texas.gov/waterplanning/waterusesurvey/index.asp 

Compared to agricultural and municipal sectors, the industrial sector’s use of surface water 
resources is miniscule (see Figure 1). While agricultural use is on the decline and municipal use 
is rising, industrial use has held steady at less than 2% of all regional surface water use for over 
three decades (see Figure 1). 

Figure 2.1 
El Paso Surface Water Use by Sector as Percent of All Surface Water Use 
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The main water users are described below. 

Table 2.2 
Main Water Users in PdN 

 Irrigation districts City/County water 
utilities Others 

New Mexico Elephant Butte Irrigation 
District 

Las Cruces Water 
Utilities, Dona Ana 

County 

Indian tribal 
authorities 

Texas 

El Paso County Water 
Improvement District #1, 

Hudspeth County Irrigation 
District, 

El Paso Water 
Utilities, El Paso 

County, Hudspeth 
County 

Indian tribal 
authorities 

Chihuahua Distrito de Riego 009 
Cd. Juárez Junta 

Municipal de Agua y 
Saneamiento 

 

 

Policy Engagement to Date 

In our analysis of policy engagement, we divide water stake in regulators, user organizations, 
end users, non-governmental organizations and academic institutions. As we will see, regulators 
and academic institutions play the central role in convening stakeholders.   

Since 1999 IBWC/US Section convenes quarterly citizen meetings for the US part of the Paso 
Del Norte region (Percha Dam, New Mexico, to Fort Quitman, Texas). The Rio Grande Citizens’ 
Forum is comprised of six appointed citizen board members bringing different areas of expertise 
to the table.91 The board members serve two-year terms and are responsible for determining 
forum topics for each meeting. IBWC provides information about their activities. Other topics 
are developed by board members or stakeholders that want to provide further information 
regarding a specific topic. The presentations are coordinated by an IBWC Public Affairs Officer. 

The forum meetings are open to the public and frequently attended by policymakers and their 
staff. Meeting minutes are taken, and the information is compiled into an email which is sent to 
an internal listserv that the public can sign up to receive. Forum meetings and email distribution 
listserv are the main procedures for information dissemination. The IBWC Forum serves OECD 
engagement levels 1 and 2.  

In the same year, 1999, the Houston Advanced Research Center, a research center created by 

                                                             
91 Lori Kuczmanski, Public Affairs Officer, IBWC/US Section. Phone interview, April 25, 2018. For details see 
https://www.ibwc.gov/Citizens_Forums/citizens_forums.html 
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philanthropist and sustainable development advocate George Mitchell, started the Paso del Norte 
Water Task Force. New Mexico State University, Universidad Autónoma de Ciudad Juárez, and 
University of Texas at El Paso were actively involved in planning and administering the 
Taskforce. The Commissioners of IBWC/CILA convened the first meeting of the Taskforce and 
supported Taskforce activities throughout its lifetime. Task Force members—civic leaders, 
managers of municipal water utilities and irrigation districts, water users, and water experts from 
New Mexico, Texas and Chihuahua—came together to work on a more sustainable water future 
for the region. They selected water planning as the focus of their first project. Two research 
teams prepared case studies on planning activities.92 Based on these materials the Taskforce 
published a report that influenced water planning in the following years.93 The report, available 
in English and Spanish, was submitted to water agencies in the Paso del Norte as well as federal 
and state agencies in the two countries. In the following years, the Taskforce held bi-annual 
meetings which proved useful for information exchange, consultation and policy advice. At a 
workshop held in El Paso on May 27, 2016 a previous PRP team convened regional stakeholders 
who reviewed the work of the Taskforce to date.94 

However, the Taskforce suffered a slow death when water conflicts, in this case between New 
Mexico and Texas, emerged and key participants no longer felt free to attend. Another weakness 
was the lack of stable financial support after successive grants from national foundations were 
exhausted. On the plus side, the Taskforce enjoyed full participation from all sub divisions of the 
bi-national three-state region. With stable financial support and competent staff, the Taskforce 
provides a good model for an NGO tasked with developing and updating a PdN sustainable 
water management plan. The Taskforce served OECD engagement levels 1, 2 and 3. 

A parallel group, the Paso del Norte Watershed Council, was convened in 2001 by New Mexico 
State University in Las Cruces. The Council worked to address issues related to the 
establishment and maintenance of a viable watershed. These include promoting projects to 
improve water quality and quantity, ecosystem integrity, the quality of life, and economic 
sustainability in the Paso del Norte watershed. In addition to its role of assisting IBWC/CILA 
with mitigation and enhancement projects, the Paso del Norte Watershed Council also provided a 
forum for exchanging information about activities on the Rio Grande. Again, the group met 
several times each year for discussion and exchange of information but closed in 2009. The 
Council served OECD engagement levels 1, 2 and 3. 

The Texas Water Development Board prepares five-year state water plans, designed to project 
future water supply and demand. The last report was published in 2016. Drafting of the plan is a 
decentralized effort entrusted to sixteen regional planning boards. One of these—Far West 
Texas—covers the El Paso region. Board members include the public, counties, municipalities, 
                                                             
92 Water Planning Initiatives in the Paso del Norte: A Review of El Paso, Las Cruces, Doña Ana County and Far 
West Texas Planning Region Region (LBJ School of Public Affairs, The University of Texas, 2000). Planeación del 
Recurso Agua: Comparación de Planes de Administración del Agua en Cd. Juárez, Chihuahua (Centro de Estudios 
del Medio Ambiente, Universidad Autónoma de Cd. Juárez, Mayo 2000). 
93 Water Planning in the Paso del Norte: Toward Regional Coordination (LBJ School of Public Affairs, The 
University of Texas, 2001). 
94 Sustainability of Engineered Rivers in Arid Lands: Euphrates-Tigris and Rio Grande/bravo (LBJ School of Public 
Affairs, Policy Research Project Report 190, 2016, p. 182-193) 
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industry, agriculture, environment, small business, electric-generating utilities, river authorities, 
water districts, water utilities, and groundwater management areas. A similar effort, covering the 
entire PdN, should be undertaken for this sub-basin of the Rio Grande/Bravo. Preparation of a 
regional water plan allows for stakeholder engagement at levels 3 and 4 of the OECD scale. 
 

 
Stakeholder Surveys 

Several surveys tell us about the goals and aspirations of PdN water stakeholders. Luzma Nava, a 
Mexican scholar associated with the International Institute for Applied Systems Analysis in 
Laxenburg, Austria found that stakeholders from the PdN region place great emphasis on the 
need to: (a) strengthen communication and articulation among all of stakeholders in the RGB 
basin and related water agencies; (b) provide environmental education; (c) manage surface and 
groundwater jointly; and (d) renegotiate all river basin water agreements due to imbalances 
between water availability, supply, and demand.95 

At the request of the Paso del Norte Water Taskforce, graduate students at the LBJ School of 
Public Affairs, University of Texas at Austin, conducted a survey in 2016 on how to cope with 
regional water scarcity. Survey recipients included irrigation districts, water utilities, water 
governance and planning agencies, and NGOs. Stakeholder priorities for coping with water 
scarcity are listed in Table 3. Survey respondents ranked the importance of coping mechanisms 
on a scale from 10 (most important) to 1 (least important). Water conservation ranked highest.96 

Table 2.3 
Perceived Importance of Drought Coping Mechanisms 

 Coping Measure Level of importance Responses 

1 Greater emphasis on water conservation 7.73 22 

2 Increased groundwater pumping 4.9 21 

3 Letting fields lie fallow 4.45 20 

4 More efficient irrigation technology 5.10 20 

5 Putting distribution channels underground 3.70 20 

6 Repair leaking pipes 5.19 21 

7 Municipal water restrictions 5.29 21 

8 Other (education, wastewater reuse, etc.) nd 5 

                                                             
95 Luzma Faviola Nava, The Transboundary Paso del Norte Region: Stakeholders’ preferences allowing water 
resource adaptation. Book chapter manuscript submitted to Springer Publishers, 2017. 
96 Sustainability of Engineered Rivers in Arid Lands: Euphrates-Tigris and Rio Grande/Bravo. LBJ School of Public  
Affairs, University of Texas, Austin (2016), pp. 164-168. 
file:///C:/Users/jas/AppData/Local/Packages/Microsoft.MicrosoftEdge_8wekyb3d8bbwe/TempState/Downloads/LB
J%20PRP%20190%20(1).pdf 
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Members of this research group conducted a survey of more than 100 water stakeholders. 
Questions focused on three areas: participation in water use policy decisions, preparing water use 
plans and views of water availability within the region in 2040 and 2060. As in the previous 
survey, the response rate was low (20). Even so, the answers received are instructive. Water 
conservation ranks highest. Municipal agencies see themselves well represented in regional 
water management, agricultural groups do not. Detailed survey results are listed in the appendix. 
Here we review key points that survey participants raised. 
 
Agricultural Sector 
While agricultural water use has remained relatively stable since the middle of the 20th century, 
it still represents by far the largest user of surface water in the Rio Grande River Basin (Texas 
Water Development Board). Since the replacement of most traditional crops with the long-term 
investment for growing pecan groves and supporting livestock, agricultural water has become a 
politically fraught issue.  

There are many different avenues available to farmers who consider sustainability to be a 
worthwhile goal. The literature suggests three main options for dealing with water scarcity and 
agriculture: (1) crop choice, (2) irrigation techniques, and (3) abandonment of agriculture. 

The first two options are closely related. Crop choice is characterized by the strategies farmers 
use when deciding what to plant each year. Many farms convert to products that demand a high 
value on the market, like pecans.97 However, the tendency to rely primarily on one type of 
valuable crop makes farmers vulnerable to climatic changes and water scarcity. Research 
suggests that diversifying the types of crops used and planting hardier, less expensive crops can 
safeguard farmers from crop loss in the future.98 They will need to carefully examine whether a 
sustainable water future outweighs possible economic losses. 

Those in the agricultural sector also face many decisions when choosing an irrigation method. 
Traditionally, farmers in the Rio Grande Valley relied upon flood irrigation to get water to their 
crops. This method uses ditches to transport water and results in large amounts seeping back into 
the ground before the water ever benefits the farmer. As water prices rise and it becomes more 
difficult to pump out of the ground, have shifted from flood irrigation to more sustainable 
practices. However, in many parts of El Paso del Norte, the practice of flood irrigation continues 
to this day.  

New technologies have been introduced that can reduce the amount of water wasted while 
farming, but these methods can quickly become expensive for farmers who often operate with 
very small profit margins. The main alternative to flood irrigation for farmers in the region is 
drip irrigation. This style of irrigation uses a series of plastic tubes to transport water in a more 

                                                             
97 Charles Turner, Edwin Hamlyn, and Oscar Ibañez. “The Challenge of Balancing Water Supply and Demand in the 
Paso del Norte.” Accessed March 12, 2018. 
https://faculty.utep.edu/LinkClick.aspx?link=the+Challenge+of+Balancing+Water+Supply+and+Demand+in+the+E
l+Paso+del+Norte.pdf&tabid=19444&mid=43213. 
98 Matthew Draper. 2014. “Envisioning the Farms of the Future: In Pursuit of Sustainable Agriculture in the Rio 
Grande Valley.” University of New Mexico Digital Repository online. Published July 1, 2014.   
http://digitalrepository.unm.edu/cgi/viewcontent.cgi?article=1006&context=ltam_etds. 
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targeted manner. Drip irrigation significantly reduces water loss by preventing seepage and 
evaporation and results in more productive fields. The main drawback to this option is the higher 
labor costs associated with running the tubing to each individual row of crops.99  

The third and final option of abandoning agriculture completely in the region is considerably less 
popular. While a reduction in agriculture may be feasible, even this possibility comes with many 
downsides for the community. If the region were to reduce or abandon agriculture, significant 
job losses would occur, and the cost of many foods would rise. Nonetheless, many sustainability 
advocates support abandoning agriculture in this hostile environment.100 A small reduction in 
agricultural production seems a likely scenario given future water availability projects. However, 
many people struggle to imagine a future where agriculture in El Paso del Norte is reduced. 
 
Industrial Sector 

With merely three responses, no trustworthy inferences may be made from our survey results. 
This is indicative of our team’s primary research obstacle: seemingly low inherent stakeholder 
interest. Perhaps email and other long-distance communications are not an effective means for 
querying industrial/business stakeholders in this region. Additionally, respondents may have 
been limited by potential language barriers, as the Spanish version of the industrial/business 
survey was created using an auto-translating software provided by Qualtrics and received no 
traffic.  

While industrial/business stakeholder interest in water use research may be inherently low, 
perhaps the most interesting response from this sector is that all three respondents indicated they 
feel they do not have an opportunity to participate in decisions regarding water use in their area. 
While the sample size is small, it may indicate that a gap exists between water management 
institutions and industrial/business stakeholders.  

All responses are given in the Appendices. Although the data is far from comprehensive, we 
hope it can act as a guidepost for further investigations. In particular, industrial/business 
responses to questions 13 and 17 may prove insightful in further explorations. These economics-
based questions will help lead water managers to a better understanding of the relative economic 
adjustability of water, i.e. its price-demand elasticity. Knowing the price-demand elasticity of 
water for each sector is critical to understanding how different stakeholders will respond to 
changes in water management regimes and price schedules. 
 
Environmental Sector 

Interestingly, the environmental stakeholders do not predict less water availability in the future. 
Most environmental stakeholders feel they can participate in regional decision-making—more 
than any other sector surveyed.  Respondents also feel better equipped with the necessary tools 
                                                             
99 Ibid. 
100 Charles Turner, Edwin Hamlyn, and Oscar Ibanez. “The Challenge of Balancing Water Supply and Demand in 
the Paso del Norte.” Accessed March 12, 2018. 
https://faculty.utep.edu/LinkClick.aspx?link=the+Challenge+of+Balancing+Water+Supply+and+Demand+in+the+E
l+Paso+del+Norte.pdf&tabid=19444&mid=43213 
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and information to participate effectively in that process than other sectors. They are more 
supportive of economic sanctions that discourage water use, such as fees for excessive 
consumption, and more supportive of creating regional groups to engage the public in water 
management issues.  Environmentalists are also more likely to see water use as a big-picture, 
international issue rather than a local one. 
 

 
Full Stakeholder Engagement 

We found that PdN water stakeholders are not engaged at the highest levels on the OECD scale: 
partnerships (agreed upon collaboration among stakeholders) and co-decision (power among 
shareholders is shared). We propose a more realistic definition of full stakeholder engagement: 
preparing and overseeing a plan for sustainable water management in the PdN. To reach this 
level of engagement, we suggest that various entities come forward to create, finance, and 
administratively support a revived PdN Water Taskforce. Under each model an important feature 
of the original PdN water taskforce would be preserved: full geographic participation—New 
Mexico, Texas, and Chihuahua—of the regions belonging to the PdN hydrological sub-basin. 
This is a critical requirement for success that is not considered in the OECD scale of stakeholder 
engagement.  
 
Proposed Model 1 

IBWC/CILA as lead convener: Under this model, the US and Mexican sections of the 
IBWC/CILA establish water taskforces for each of the bi-national sub-basins under their control. 
In the case of the Rio Grande/Bravo this means a group for the PdN and a group for the Lower 
Rio Grande. Each group is organized as an administrative division of the IBWC/CILA thus 
ensuring financial stability. Details on membership, organization, and tasks are spelled out in a 
Minute which is approved by the two national governments. The long-established minute system, 
that allows for clarifications and additions to the 1944 water treaty between Mexico and the 
United States, is explained above in chapter 1. Specifically, Minute 308, passed in 2002, called 
for consideration of a binational sustainability plan for the Rio Grande Basin. Unfortunately, no 
action followed the adoption of Minute 308. We suggest that the time has come to renew the 
effort. 
 
Proposed Model 2 

Academic Institutions as lead conveners:  Under this model, the three regional universities—
New Mexico State University in Las Cruces, University of Texas at El Paso, and Universidad 
Autónoma de Ciudad Juárez—would create a non-governmental organization for planning a 
sustainable water future in the Paso del Norte. To provide financial stability the initiative would 
be based on a multi-year grant provided by a consortium of international and national donors. 
The presidency of the PdN Water Taskforce would rotate between the three universities in three-
year cycles.  
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Proposed Model 3 
Water agencies as lead conveners: Here the convening and financing task would fall to the New 
Mexico State Engineer, Texas Water Development Board, and the Comisión Nacional del Agua 
(CONAGUA). Again, the presidency of the PdN Water Taskforce would rotate. 

The task to be addressed by the stakeholders under each of the three models would be to prepare 
a 20-year sustainability plan for management of PdN water resources. Main sections of the plan 
might include current dependable yield, projected dependable yield, changing priorities for water 
use, ground-water and surface water interactions, progress made in improving efficiency of water 
use, and actions needed to reconcile supply and demand. The plan would be updated in 5-year 
cycles. Taskforce members would take on the roles of data collectors, researchers and policy 
advisers. Their recommendations would be submitted in draft form to the decision-making 
agencies and the public. The final version, prepared with consideration of comments received, 
would be submitted for approval to the regional water agencies. The Water Task Force would 
monitor progress and start the process again for a new 5-year cycle.  
 
Proposed Model 4 

Non-Governmental Organizations (NGOs) as lead conveners: In this model, NGOs – in 
collaboration with other partners, including federal agencies, academic institutions, businesses, 
irrigated agriculture, and municipalities, others - would play a lead role in bringing together 
stakeholders from across the basin to discuss challenges and solutions to water scarcity in the 
RGB basin. Next steps identified through this process could complement and be coordinated 
with results of the other proposed models, above, fostering much needed cross-basin, multi-
sector traction on critical water issues.  

Such a model was used late last year when the World Wildlife Fund (along with the Desert 
Landscape Conservation Cooperative, The Coca-Cola Company of North America, Instituto 
Mexicano de Tecnología del Agua, Instituto Tecnológico y de Estudios Superiores de Monterrey, 
South Central Climate Science Center – U.S. Geological Survey), organized and convened a 
binational forum on water management and scarcity in the Rio Grande/Bravo Basin in El Paso, 
TX on November 7-8, 2017. The RGB Water Forum brought together 189 invited participants 
from the U.S. and Mexico representing multiple water stakeholder sectors, including farmers, 
ranchers, city officials, water managers, business leaders, conservationists, and scientists to 
stimulate frank discussion between multiple sectors from both countries regarding the real, on-
the-ground repercussions of water scarcity and to identify potential long-term solutions to those 
challenges.  

Some of the solutions identified during the RGB Water Forum included the need to:  

• Maintain momentum following the RGB Forum with similar, though more targeted, 
water discourse and actions during 2018 and 2020 (in-between the conclusion of the 2017 
RGB Water Forum and the proposed next binational Forum, which is provisionally 
scheduled to take place in Mexican portion of the basin in 2020);  

• Summarize and distribute lessons learned from current efforts in the basin that are 
already addressing water-related issues (thus, addressing the question of how such efforts 
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could potentially be expanded for greater impact); and  
• Develop a series of targeted, multi-media ‘splashes’ on water challenges and solutions in 

the RGB basin that will be distributed in the public and political realm. 
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Chapter 3. Reservoir Management 
by Sarah Blumberg, Leah Havens, and Justin Thompson 

 
The Rio Grande Project (“RGP”) is composed of a comprehensive network of two reservoirs, six 
diversion dams, and over 1,000 miles of canals, laterals, and drains101 developed on the Rio 
Grande River and initially authorized for construction by the U.S. Congress in 1905.102 The RGP 
is managed by the U.S. Bureau of Reclamation (“USBR”), the International Boundary and Water 
Commission (“IBWC”), and irrigation districts or authorities to control flooding, provide 
hydroelectric power, and distribute irrigation water to and within New Mexico, Texas, and 
Mexico. The USBR stores inflows of river water in reservoirs and releases it to meet the 
demands of water right holders downstream. Irrigation districts or authorities are primary water 
right holders and operate local canals, laterals, and drains to distribute irrigation water to 
agricultural and other uses. The IBWC ensures that agreements among the U.S. and Mexico for 
sharing Rio Grande River waters are honored by operation of diversions. Beginning at the 
Elephant Butte Reservoir in New Mexico and ending at the U.S.-Mexico border near Ft. 
Quitman, Texas, the RGP is a subset of the Rio Grande basin and a critical resource for meeting 
agricultural, industrial, and municipal water needs in the region. Indeed, the RGP provides 
irrigation water to support nearly 200,000 acres of agriculture in an area with insufficient annual 
precipitation to support most crop types. 

Projected evaporation, sedimentation, and climate change impacts to the RGP are key 
components of a forward-thinking sustainability plan. Evaporation losses over reservoirs, canals, 
and agriculture (known as evapotranspiration) in the arid basin are significant, sedimentation of 
reservoirs continually reduces storage capacity over time, and climate change impacts may 
exacerbate these and other challenges. How are resource managers planning for these issues now 
and into the future? 

To investigate these questions the ‘reservoir team’ contacted the USBR and the IBWC, held 
meetings with researchers in the field (including Dr. Daene C. McKinney, Professor of 
Environmental and Water Resources Engineering at the University of Texas, Austin; Dr. Samuel 
Sandoval-Solis, Associate Professor and Cooperative Extension Specialist in Water Management 
at the University of California, Davis; and Carlos Galdeano, a PhD student in Civil Engineering 
at the University of Texas), and conducted a comprehensive literature review. 

Our inquiries quickly revealed that the USBR is operating the RGP reservoirs on a mass-balance 
basis in accordance with the terms of the Operating Agreement for the Rio Grande Project dated 
March 10, 2008 (“Operating Agreement”) and corresponding Rio Grande Project Operations 
Manual dated May 2012 by and among the USBR, Elephant Butte Irrigation District (“EBID”) 
of New Mexico, and the El Paso County Water Irrigation District (“EPCWID”) of Texas. Mass-
balance management is a type of credit and debit system wherein the volume of water in any one 

                                                             
101 U.S. Department of the Interior, Bureau of Reclamation, “Rio Grande Project”, 
https://www.usbr.gov/projects/index.php?id=397 
102 Autobee, R., 1994, “Rio Grande Project History”, U.S. Department of the Interior, Bureau of Reclamation, 
https://www.usbr.gov/projects/pdf.php?id=179 
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part of the basin (such as a reservoir) is equivalent to the volume of water entering the system 
(from all sources) less the volume leaving the system (to all sinks). Alternative management 
methods and optimization models such as the Water Evaluation and Planning system and 
Riverware (jointly developed by the USBR and the U.S. Army Corps of Engineers for the Rio 
Grande basin) are, respectively, only being used for academic purposes or have been retired from 
the basin altogether. 

The success of a mass-balance solution to watershed management problems hinges upon the 
accuracy of the accounting. If, for example, gains or losses are under or overestimated at any 
interval in the RGP, then the observed flows will diverge from those predicted (resulting in lower 
or higher flows than planned). Critically, the Operating Agreement relies on data from 1951 
through 1978 to derive its empirically observed allocation equation and does not consider recent 
and projected climatological changes and their impacts upon losses in the RGP. The time range 
begins with Texas’ drought of record and includes low-flow and high-flow conditions but the 
rationale for concluding the data at 1978 is not immediately clear from public documents. 

In a report summarizing recent studies the New York Times reports that the Rio Grande climate 
has already warmed by roughly 2° Fahrenheit (much of which has occurred since the 1970s) and 
is projected to warm by another 5-7° Fahrenheit by the end of the 21st century.103 Elephant Butte 
Reservoir has lost over 600,000 acre-feet of storage (roughly 29% of its total current storage) to 
the steady accumulation of sediment over its lifetime. 

Is the allocation equation of the Operating Agreement outdated? Are there losses to the RGP 
currently unaccounted for by resource managers? How significant is the potential discrepancy? 

The reservoir team seeks to answer these policy research questions with a literature review, 
interviews with specialists, and a mathematical model developed to simulate evaporation losses. 
Our results are respectfully presented hereto.  

                                                             
103 In a Warming West, the Rio Grande Is Drying Up. The New York Times May 24, 2018.  

https://www.nytimes.com/.../2018/05/24/climate/dry-rio-grande.html.  
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Figure 3.1 
Historical Perspective of Rio Grande Project 

Source: U.S. Department of the Interior, Bureau of Reclamation, “Historical Perspective of Rio Grande Project”, 
accessed from the Texas Water Development Board at: 
https://www.twdb.texas.gov/waterplanning/rwp/climate/doc/10-Treers.pdf 
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Elements of the Rio Grande Project 

The principal components of the RGP evaluated by this study are presented in the order in which 
they are located on the Rio Grande River (i.e. from upstream to downstream): 
 
Elephant Butte Reservoir 

The primary storage reservoir for the RGP, Elephant Butte Dam was completed in 1916 near 
Truth or Consequences, New Mexico. The reservoir currently has a storage capacity of 
2,109,423 acre-feet104. A hydroelectric generator provides electricity to the region via a 24,300-
kilowatt power plant. 105 
 
Caballo Reservoir 

Originally intended for flood control, Caballo Dam is located 25 miles downstream from 
Elephant Butte and was completed in 1938 with a storage capacity of 343,990 acre-feet.106 The 
reservoir is primarily used to impound water released from Elephant Butte for power generation 
during the winter (when the released water is not needed by agricultural users downstream) 
which may then be released from the reservoir to agricultural users during the growing season. 

 
Percha Diversion 

Two miles downstream from Caballo Reservoir, the Percha Diversion Dam diverts flows from 
the Rio Grande at a maximum capacity of 350 cubic feet per second into the Rincon Valley Main 
Canal for agricultural use.107 The Rincon Valley Main Canal irrigates 16,260 acres in the Rincon 
valley over a length of 28 miles.108  

 

Leasburg Diversion 

Roughly 15 miles north of Las Cruces, New Mexico, and 35 miles downstream from the Percha 
Diversion, the Leasburg Diversion Dam—which predates Elephant Butte—diverts flows from 
the Rio Grande at a maximum capacity of 625 cubic feet per second into the Leasburg Canal for 
agricultural and municipal uses.109 The Leasburg Canal irrigates 31,600 acres in the upper 
Mesilla Valley over a length of 14 miles.110 

 

                                                             
104 U.S. Department of the Interior, Bureau of Reclamation, “Elephant Butte Dam”, 
https://www.usbr.gov/projects/index.php?id=94 
105 Ibid. 
106 U.S. Department of the Interior, Bureau of Reclamation, “Caballo Dam”, 
https://www.usbr.gov/projects/index.php?id=42 
107 U.S. Department of the Interior, Bureau of Reclamation, “Rio Grande Project”, “Plan”, 
https://www.usbr.gov/projects/index.php?id=397 
108 Ibid. 
109 U.S. Department of the Interior, Bureau of Reclamation, “Rio Grande Project”, “Plan”, 
https://www.usbr.gov/projects/index.php?id=397 
110 Ibid. 
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Mesilla Diversion 

Roughly four miles southwest of New Mexico State University in Las Cruces and 20 miles 
downstream from the Leasburg Diversion, the Mesilla Diversion diverts flows from the Rio 
Grande into the East Side and West Side Canals for agricultural uses at a maximum capacity of 
300 and 650 cubic feet per second, respectively.111 The East Side and West Side Canals irrigate 
53,650 acres in the lower Mesilla Valley over a length of 14 and 24 miles, respectively.112  
 
American Diversion 

Roughly two miles west of El Paso, Texas, and immediately upstream of the point where the Rio 
Grande becomes the international boundary between the United States and Mexico, the 
American Diversion Dam is operated by the International Boundary and Water Commission to 
divert flows from the Rio Grande at a maximum capacity of 1,200 cubic feet per second into the 
American Canal for agricultural and municipal uses.113 The American Canal runs parallel to the 
Rio Grande for two miles where it then connects to the Franklin Canal, which has a maximum 
capacity of 325 cubic feet per second and irrigates 17,000 acres in the upper El Paso valley over 
a length of 28 miles.114 The Franklin Canal then connects to the Riverside Canal (at the failed 
and decommissioned115 Riverside Dam), which has a maximum capacity of 900 cubic feet per 
second and irrigates 39,000 acres in the lower El Paso valley over a length of 17 miles.116 Any 
surplus flows remaining in the Riverside Canal are delivered to the Tornillo Canal at a maximum 
capacity of 325 cubic feet per second to irrigate 18,000 acres in Hudspeth County, Texas over a 
length of 12 miles.117 
 
International Diversion 

Roughly two miles downstream from the American Diversion, the International Diversion diverts 
flows from the Rio Grande into the Acequia Madre (literally translated “the mother canal”) for 
ultimate delivery to Irrigation District No. 9 in Juárez Valley at a maximum volume of 60,000 
acre-feet per year to satisfy U.S.-Mexico treaty requirements.118 The maximum irrigated area 
served by the Acequia Madre is limited by the annual allocation of Rio Grande flows to Mexico 
and estimated at 20,000 acres over a length of approximately 75 miles. Note that the Acequia 
Madre and Juárez Irrigation District No. 9 are not considered part of the RGP by USBR but are 
evaluated by this study.  
 

                                                             
111 Ibid. 
112 Ibid. 
113 Ibid. 
114 Ibid. 
115 U.S. Department of the Interior, Bureau of Reclamation, 2003, “Riverside Diversion Dam Removed”,  
https://www.usbr.gov/uc/albuq/news/stories/rdam_removed.html 
116 U.S. Department of the Interior, Bureau of Reclamation, “Rio Grande Project”, “Plan”, 
https://www.usbr.gov/projects/index.php?id=397  
117 Ibid. 
118 R. Autobee, 1994, “Rio Grande Project History”, U.S. Department of the Interior, Bureau of Reclamation, 
https://www.usbr.gov/projects/pdf.php?id=179 
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Figure 3.2 
Stem Diagram of Rio Grande Project 

 

 

The table below summarizes the key RGP characteristics evaluated by this study: storage 
capacity, irrigated area, and length of canals, lateral, and drains. Reservoir storage capacity 
represents the combined, maximum storage volume of Elephant Butte and Caballo reservoirs. 
RGP surface area of irrigated agriculture, primary canal lengths, and total lateral and drain 
lengths in the U.S. are given by USBR119. In Mexico, the length of the Acequia Madre and 
surface area of irrigated agriculture in Juárez Valley Irrigation District 9 are estimated at 75 
miles and 20,000 acres respectively. Similarly, the total length of laterals and drains in the U.S. 
is given by USBR but the distribution among Texas and New Mexico nor the total length in 

                                                             
119 U.S. Department of the Interior, Bureau of Reclamation, “Rio Grande Project”, “Plan”, 
https://www.usbr.gov/projects/index.php?id=397 
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Mexico was available to this study. Therefore, the length of laterals and drains is estimated by 
this study as a function of the ratio of total U.S. lateral and drain length to total U.S. irrigated 
area data reported by the USBR and recorded hereto as: New Mexico – 533 miles, Texas – 389 
miles, Mexico – 105 miles. 

Table 3.1 
Key RGP Characteristics 

Reservoir Storage Capacity 2,453,413 acre-feet 

Area of Irrigated 
Agriculture 195,510 acres 

Primary Canal Length 214 miles 

Lateral and Drain Length 1,027 miles 

 

Water Sharing in the RGP 
The allocation of Rio Grande flows among Colorado, New Mexico, and Texas is governed by 
the Rio Grande Compact of 1938. However, there is some disagreement between New Mexico 
and Texas as to the specifics under the compact of how and where New Mexico is to honor its 
delivery commitments to Texas. In 2013, a lawsuit was filed with the U.S. Supreme Court to 
resolve these disagreements. In the spring of 2018, the Supreme Court determined that the 
United States could intervene in this type of inter-state disagreement in order to protect its own 
interests, including the federal government’s ability to meet its treaty obligations to Mexico.120 
Less than a month later, the Supreme Court abruptly discharged the special master in the case 
and assigned the case to a senior federal judge at the U.S. Court of Appeals for the Eighth 
Circuit.121 A number of legal issues remain unresolved in the dispute. 

Previously, the most recent attempt to settle the allocation of Rio Grande flows among 
stakeholders resulted in the Operating Agreement and Operating Manual. Because USBR is a 
federal entity, an Environmental Impact Statement for the Continued Implementation of the 2008 
Operating Agreement for the Rio Grande Project was conducted by USBR with a final statement 
released in September 2016. As of this writing, the Operating Agreement and Operating Manual 

                                                             
120 Texas v. New Mexico et al. on Exceptions to Report of Special Master (Mar. 5, 2018), available at 
https://www.supremecourt.gov/opinions/17pdf/141orig_f204.pdf; Emma Platoff, “Federal government may fight 
alongside Texas in water dispute, U.S. Supreme Court rules,” Texas Tribune available at 
https://www.texastribune.org/2018/03/05/federal-government-may-fight-texas-water-dispute-us-supreme-court-rule/ 
(last accessed June 11, 2018). 
121 Tony Mauro, “Supreme Court Ousts Special Master in Rio Grande Water Dispute,” The National Law Journal 
(April 3, 2018) available at https://www.law.com/nationallawjournal/2018/04/03/supreme-court-ousts-special-
master-in-rio-grande-water-dispute/?slreturn=20180511160835 (last accessed June 11, 2018). 
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are the ruling directives for the operation of RGP components managed by signatories – USBR, 
EBID, and EPCWID. The IBWC ensures that any U.S. treaty obligations to divert flows to 
Mexico at the International Diversion dam are satisfied. 

Recalling that the Operating Agreement and Operating Manual takes a mass-balance approach to 
managing the flows of the RGP, allocations were explicitly defined as a function of observed 
releases and received flows as follows: 

EBID’s and EPCWID’s yearly allocation shall be determined using the empirically 
derived linear regression analysis equation (D-2 Curve). Equation D-2 was derived 
using historical [RGP] data correlating releases from [RGP] storage and 
corresponding yearly deliveries to [RGP] diversions from the Rio Grande for EBID, 
EPCWID, and Mexico during the Water Years 1951 to 1978 inclusive.122 

Put plainly, the parties of the Operating Agreement have agreed that the volume of water to be 
released from reservoirs by the USBR to honor demands by right holders will be adjusted to 
account for any relevant losses or gains in transit between the reservoir and the point of delivery. 
To determine what that adjustment must be, observations were made from 1951 through 1978 to 
record the difference in releases and deliveries. If, for an oversimplified example, the 
observations show that less water was delivered than intended then future releases will be 
adjusted (increased) to compensate. More comprehensive definitions and discussions of the 
empirically derived linear regression analysis equation and diversion ratios are available in the 
Operating Agreement and Operating Manual. 

In recognition of U.S. treaty obligations with Mexico, the Operating Agreement further stipulates 
that diversions to Mexico are fixed at 11.3486% of Rio Grande flows reaching the International 
Diversion with a maximum allocation of 60,000 acre-feet per year.  

Mexico Allocation = (Released acre-feet x 0.8260932 – 102,305 acre-feet) x 0.11348 
 
 

Objective of Study 

Elephant Butte is very well studied; so much so that it is often referenced as a performance 
metric for mass balance accounting of reservoirs. But what about the 1,100 miles of RGP canals, 
laterals, and drains? What about the nearly 200,000 acres of irrigated agriculture? Are 
evaporation and evapotranspiration losses over distribution networks and irrigated agriculture 
accurately accounted for by the RGP Operating Agreement? If not, how significant is the 
discrepancy? What are the impacts of projected climate changes? Sedimentation? 

 

                                                             
122 U.S. Department of the Interior, Bureau of Reclamation, September 2016, “Final Environmental Impact 
Statement for the Continued Implementation of the 2008 Operating Agreement for the Rio Grande Project”, 
“Appendices: Rio Grande Operating Agreement”, Page 5, emphasis added, accessed from the EPA EIS database at: 
https://cdxnodengn.epa.gov/cdx-enepa-II/public/action/eis/details?eisId=218219  
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This study analyzes threats to the sustainability of the RGP, specifically sedimentation 
accumulation and evapotranspiration losses because of climate change. To evaluate the potential 
underestimation of evaporation and evapotranspiration losses to the RGP, this study compiles 
recorded and calculated evaporation rates for the RGP distribution network from 2010 through 
2017 and compares them against representative values for 1951 through 1978. Simplified 
evapotranspiration by irrigated crops within the RGP is calculated and compared for the same 
period. Evaporation rates are applied to the surface area of the RGP distribution network and 
evapotranspiration rates are applied to the irrigated area to derive volumetric losses. Finally, 
projected climatic changes to temperature are applied to the 2010 through 2017 data set 
calculations to yield potential changes to evaporation over distribution networks and 
evapotranspiration over irrigated crops.  
 

 
Sustainability Challenges 

The population of the area supplied by the RGP has grown at an unprecedented rate over the last 
century. In El Paso alone, the population has increased from just 10,000 to almost 700,000.  

The Rio Grande watershed has experienced changes in precipitation, evaporation, and runoff 
efficiency caused by climate change. These changes mean that the RGP area has experienced 
continual uncertainty in water supply over the past century. Periods of drought have occurred on 
multiple occasions, impacting both streamflow and reservoir storage. A graph depicting changes 
in storage in the Elephant Butte Reservoir over the past century is provided below. 

Figure 3.3 
Storage of Elephant Butte Reservoir over Time 

 

 
Source: https://waterdatafortexas.org/reservoirs/individual/elephant-butte 

  

As the storage levels indicate, the RGP experienced drought conditions in the 1950s, 1960s, and 
1970s. Most recently, the region has been under drought conditions since 2010. The current 
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drought has brought Elephant Butte within storage levels that resemble those of the drought of 
record in the 1950s. In 2013, the reservoir was at just 3% of its capacity.  

The reservoir has since refilled to 24.2% capacity. However, extremely scant snowfall in New 
Mexico and Colorado threaten to reverse this upward trend. 

With population growth projected to continue increasing at unprecedented rates, addressing the 
challenges of sedimentation, climate change, and related changes to the hydrologic 
characteristics of the basin will be critical to ensure the sustainability of the basin. 

Figure 3.4 
Changes in Elephant Butte Reservoir Storage 

(Satellite images of Elephant Butte Reservoir in 1994 (left) and 2013 (right)) 

   
Source: NASA Earth Observatory, https://earthobservatory.nasa.gov/IOTD/view.php?id=81714  

 

Sedimentation 

Sedimentation occurs when eroded silt, clay, or other particles carried by a river course settle out 
of flowing water and accumulate at the bottom of a water body. The erosion and deposition of 
sediment in river channels and in engineered assets along a river course have significant 
implications for humans and wildlife who rely on that river basin for water supply and habitat. 
Sedimentation can impact water quality, damage ecosystems and habitats, and reduce the 
efficacy of engineered river components like channels, dams, and reservoirs.123 Along the Rio 
Grande, the main concerns regarding sedimentation include the reduction in storage capacity in 
reservoirs, the degradation of habitat critical for endangered species, and the change in planform 
of the river. The Rio Grande has morphed “from a braided, flat-bottom river in the early 1900s to 
a single-thread, meandering, deeper river.”124  

                                                             
123 http://www.water.wa.gov.au/water-topics/waterways/threats-to-our-waterways/erosion-and-sedimentation 
124 Proceedings of the 3rd Joint Federal Interagency Conference on Sedimentation and Hydrologic Modeling, April 
19-23, 2015, Reno, Nevada, USA, “Rio Grande and Cochiti Reservoir Sedimentation Issues: Are There Sustainable 
Solutions?” 
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Most of the sediment load on the Middle and Upper Rio Grande is delivered upstream of Cochiti 
dam. Sedimentation in the Rio Grande has led to the loss of storage capacity in Elephant Butte 
reservoir, and engineered methods for dealing with sedimentation have consequently led to 
riverbank degradation and the change in the planform of the RGP. 

Previous sedimentation surveys conducted by the Bureau of Reclamation in 1988 and 1999, 
which utilized sonogram imaging to determine sediment presence, found that 611,442 acre-feet 
of sediment had accumulated on the Elephant Butte reservoir floor. Using data from different 
years, the Bureau was able to determine that the rates of sediment accumulation vary with the 
level of inflows to the reservoir.125 In 2007, the Bureau of Reclamation found that Elephant Butte 
had accumulated 610,214 acre-feet of sediment throughout its lifetime, a slight decrease from the 
1999 sediment survey findings. During years of drought, the sediment accumulation is lower 
than during years of more typical inflows. This reduction in sediment accumulation is attributed 
to dewatering and compaction of sediment which was exposed during years of low water in the 
reservoir. According to the 2007 sedimentation survey, which is the most recent available, the 
average annual sediment accumulation rate in Elephant Butte Reservoir is 6,575.6 acre-feet per 
year. Due to the reduced flow of water throughout the Rio Grande, the amount of sediment 
flowing into the Elephant Butte reservoir experienced a proportional reduction.  

Several measures have been taken to reduce the impacts of sediment accumulation on the storage 
capacity of Elephant Butte Reservoir. In 1973, Cochiti Dam was constructed 50 miles upstream 
from Elephant Butte reservoir to assist with sediment retention. Cochiti Dam is highly effective 
at reducing the sediment load into Elephant Butte reservoir, lessening sediment flows 
downstream of the dam by anywhere from 87% to 98%.126 In 1938, Caballo Dam was 
constructed 25 miles downstream from Elephant Butte in part to offset some of the storage losses 
in Elephant Butte reservoir due to sedimentation accumulation.127 Additionally, in 2012, the 
Bureau of Reclamation developed a maintenance plan for the Middle Rio Grande to address 
some of the sediment-producing trends noted throughout this span of the river. Actions to be 
taken per the maintenance plan include promoting channel and bank stability, rehabilitating the 
channel and flood plain, and maintaining channel capacities. Downstream of the major reservoirs 
and dams, which retain the sediment, the river channel has experienced incision, or the 
deepening and narrowing of the river channel. This trend encourages bank destabilization and 
increases the amount of sediment suspended in the water. Channel rehabilitation actions have 
been and will be taken to stabilize the river channel and to slow down the flow. For example, 
small earthen dams or boulder placement and revegetation along river banks reduce erosion and 
slow the flow of the river course.   

Despite the efforts to reduce sediment accumulation in the Elephant Butte reservoir, a 
sedimentation model recently developed by the Bureau of Reclamation predicts an increase in 
sediment loads in the Middle Rio Grande.  
                                                             
125 2015 PRP 
126  Proceedings of the 3rd Joint Federal Interagency Conference on Sedimentation and Hydrologic Modeling, April 
19-23, 2015, Reno, Nevada, USA, “Rio Grande and Cochiti Reservoir Sedimentation Issues: Are There Sustainable 
Solutions?” 
127 https://www.usbr.gov/projects/index.php?id=42 
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Climate Change 

The RGP climate has already warmed by roughly 2° Fahrenheit (much of which has occurred 
since the 1970s) and is projected to warm by another 5-7° Fahrenheit by the end of the 21st 
century. These climatic changes will have complex impacts to the RGP and may exacerbate 
existing sustainability challenges. 
 
Precipitation 
The Rio Grande River originates in the San Juan Mountains in southern Colorado and relies on 
melting snowpack and precipitation to supply flows throughout its upper and middle courses. As 
the climate increasingly and drastically fluctuates, snowpack and precipitation in the Rocky 
Mountains exhibit highly unpredictable behavior. Unlike temperature, which can be modeled 
relatively consistently, the unpredictable nature of future precipitation in the basin makes 
planning difficult. 

Generally, it is expected that snowpack and precipitation in the basin will decline throughout the 
21st century. The U.S. Bureau of Reclamation estimates that the Rio Grande watershed will 
capture 30% less flow by the end of the century due to more frequent droughts and growing 
evaporation rates. Changes in total precipitation appear to be small, although the U.S. Bureau of 
Reclamation predicts extreme periods of heavy rainfall and drought to occur more frequently 
across the West. The Rio Grande Basin is predicted to capture 3% less total runoff by 2050, and 
higher temperatures are expected to shift snowfall to rainfall. In addition to decreasing water 
availability, the timeframe of water availability is also expected to shift due to changing 
precipitation patterns. In the Rio Grande Basin, the timing of runoff is predicted to shift by 11 
days.128  

 
Temperature 
Temperatures in the Rio Grande Basin are also expected to change throughout the 21st century. 
Temperatures were relatively stable during most of the 20th century but began to increase visibly 
between the end of the 20th century and the beginning of the 21st century. Temperatures in the 
basin increased by 2.5 degrees Fahrenheit from 1971 to 2012,129 and—alarmingly—this trend is 
only expected to increase. The U.S. Bureau of Reclamation warns that by the end of the 21st 
century, temperatures could increase by as much as 5 to 7 degrees Fahrenheit. By 2100, the 
Bureau predicts that flows in the basin could decrease by a third and by as much as 50% in New 
Mexico and Texas.130  

As evaporation increases as temperatures rise, higher temperatures can be ominous for a basin 
already vulnerable to drought. In 2016, researchers found that Elephant Butte Reservoir was 
losing as much as 250,000 acre-feet to evaporation when it was at capacity.131 These losses were 
correlated with a temperature increase of 2.5 degrees Fahrenheit. Since the 1970s (and 
                                                             
128 US Bureau of Reclamation, 2016 SECURE Report Climate Assessment  
129 In a Warming West, the Rio Grande Is Drying Up. The New York Times May 24, 2018.  
130 http://www.rethinkingtherio.org/media/files/TheRioGrande-RethinkingRiversinthe21stCentury021417.pdf 
131 Ibid. 



58 
 

accelerating at the turn of the 21st century), warming trends have been visible in western river 
basins, including the Colorado River, Columbia River, Sacramento and San Juan rivers, the Rio 
Grande, and the Missouri River.132 Rising temperatures will adversely impact evaporation rates, 
snowpack, and runoff in the Rio Grande Basin. 
 
Runoff and Streamflow 
A recent report found that the runoff ratio, or the amount of water precipitated to amount of 
water in streamflow, for the Upper Rio Grande has been experiencing an unprecedented 30-year 
downward trend. The amount of precipitation and changes in temperature heavily influence the 
runoff ratio. A reconstruction of the runoff ratios over the past 400 years found similar 
temperature and precipitation extremes, exemplified in the period of wetness in the 1980s and 
the period of dryness in the 2000s. However, the downward trend in runoff ratio is a new 
phenomenon.133 The runoff ratio has historically been used to predict the expected streamflow 
for the coming year. As the relationship between precipitation and resulting streamflow becomes 
less predictable, the ability of experts to predict the amount of water to reach downstream users 
will diminish.  
 
Evaporation 
The year 2016 marked the 100th anniversary of the construction of Elephant Butte Reservoir on 
the Rio Grande in New Mexico. This reservoir is the lifeblood for the RGP, storing more than 
2.2 million acre-feet of water. To put this in perspective, this supply of water is enough to sustain 
2.2 million families of four for a year.134 When it was built, the Elephant Butte reservoir was the 
largest irrigation reservoir in the world. However, with rising temperatures and reduction in 
flows, its utility is hanging in the balance. Researchers recently found that, due to its large size 
and shallow depth, 250,000 acre-feet of water evaporates from the reservoir annually when it is 
full (i.e. when the surface area of the lake is largest), exceeding the rates of all other reservoirs in 
the basin.135 This is of concern as evaporation rates are expected to increase with rising 
temperatures.  
 
Evapotranspiration 
Evapotranspiration (or “ET”) is evaporation occurring through plant leaves as they breathe. 
Approximately 10% of the water integrated back into the atmosphere globally is due to ET.136 
Much like evaporation, the rate of ET is determined by a multitude of factors including 
temperature, relative humidity, and the type of plant.  
 

                                                             
132 Reclamation: Managing Water in the West (2016). Secure Water Act Section 9503(c) 
133 Flavio Lehner, Sloan Coats, Thomas F. Stocker, Angeline G. Pendergrass, Benjamin M. Sanderson, Christoph C. 
Raible, Jason E. Smerdon, Projected drought risk in 1.5°C and 2°C warmer climates, Geophysical Research Letters, 
2017, 44, 14, 7419 
134 The Rio Grande: Rethinking Rivers in the 21st Century (2016) 
135 The Rio Grande: Rethinking Rivers in the 21st Century (2016) 
136 http://energyeducation.ca/encyclopedia/Transpiration 
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Evapotranspiration trends coincide with longer periods of drought and have drastically increased 
over the last decade. These trends are important to consider for resolving water management 
challenges as the RGP supports nearly 200,000 acres of irrigated agriculture.  
 
 

Simulated RGP Losses - Evaporation and ET 
Quantifying RGP evaporation over distribution networks and ET over irrigated agriculture may 
provide valuable information to inform policymaker and stakeholder decisions. In this section we 
explore observations of both evaporation and evapotranspiration losses solved with a variety of 
approaches as they each employ differing variables and assumptions. To accomplish this, we 
mathematically simulate losses using MATLAB software and a combination of weather station 
and river gage observations for three periods: 1954 through 1978 – the observation period of the 
Operating Agreement, 2010 through 2017 – effectively current conditions, and under projected 
climate change. Each method applied as well as the key assumptions and limitations of the study 
are discussed. Finally, we consider innovative solutions used to manage losses.  
 
Key Assumptions 

All evaporation rates are calculated and reported as free-water or potential evaporation (i.e. the 
rate of evaporation over a free-water surface without consideration of heat storage or water 
advected energy effects) unless otherwise noted. Ground heat flux was ignored, and the surface 
area of evaporation was linked to flows for simplicity. 

A year was assumed to have 365 days and leap year data for February 29 of any year was 
disregarded in all cases. Data gaps were overwritten with ‘not-a-number’ and daily means 
adjusted accordingly (i.e. means do not include data gaps). The density of water was assumed to 
be 996 kilograms per cubic meter and normal sea-level atmospheric pressure was assumed to be 
101,325 Pascals.  

No records of measured and observed evaporation rates for the RGP in Texas and Mexico were 
discovered by this study so they are necessarily calculated from weather station data located at 
the University of Texas at El Paso (“UTEP”). As this is the only weather station with enough 
data available for the Texas and Mexico reaches of the RGP, it is assumed that evaporation and 
evapotranspiration rates calculated from this data for the 2010 through 2017 period are 
representative for EPCWID and Juárez Irrigation District No. 9.  

However, because the requisite data from this weather station is only available from 1996, it is 
further assumed that the representative 1951 through 1978 evaporation rates for these areas of 
the RGP approximate the lake evaporation rates available from the Texas Water Development 
Board (TWDB) for quadrangle No. 601 (which includes EPCWID and Juárez Irrigation District 
No. 9) for that period. It should be noted that solutions exist to determine the fraction of lake 
evaporation rates attributable to heat storage and water advected energy effects which could be 
used to adjust the TWDB lake evaporation rates into free-water evaporation rates. 
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Similarly, the only water temperature data available to this study for RGP distribution networks 
is recorded by the U.S. Geological Survey (“USGS”) from river gage number 08364000, located 
on the Rio Grande roughly 1.5 miles upstream of the American Diversion Dam (32°28'38" North 
by 106°55'12" West). It was therefore assumed to be representative of the water surface 
temperature for all evaporative loss calculations to RGP distribution networks. 

Evapotranspiration rates were calculated from weather station data at UTEP for the 2010 through 
2017 period and adjusted down pursuant to the calculated differences in 2010 through 2017 
evaporation rates and 1951 through 1978 evaporation rates as there is not enough data available 
to calculate the earlier period evapotranspiration directly. These values were assumed for 
evapotranspiration throughout the RGP and are highly simplified. 

Only the impact of climatic changes in temperature to evaporation and evapotranspiration are 
considered by this study. Additional relevant anticipated impacts on wind speeds, relative 
humidity, turbidity of the atmosphere, etc. are ignored. 

For a comprehensive review of simulated methods and assumptions see the MATLAB 
simulation code attached hereto by appendix. 
 
Methods 

Evaporation over a free water surface is calculated for Texas and Mexico from weather station 
and stream gage data using (1) the mass transfer solution, (2) the energy balance solution, (3) the 
energy balance with Bowen ration solution, and (4) the Penman combination solution. Pan 
evaporation observations provide recorded evaporation rates in New Mexico. Evapotranspiration 
is calculated for the RGP from weather station data using the Penman-Monteith solution. A 
detailed discussion of the simulation solutions follows. 
 
Evaporation Rate 
Evaporation is the transformation of liquid water to water vapor by transfer of energy. The rate 
of evaporation is largely determined by the availability of energy on the water surface and how 
easily the vapor can be incorporated into the atmosphere. Specific properties affecting 
evaporation rates include the air and water temperature, the volume of water being evaporated, 
the area of the evaporating surface, the relative humidity of the atmosphere, and wind speed.137 

 

 

 

 

 

                                                             
137 Physical Hydrology, Third Edition, S. Lawrence Dingman, 2015, Waveland Press 
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Four different solutions for evaporation were solved by this study from UTEP weather station 
data: 

1. Mass Transfer Solution138 – Utilizes area of the evaporating surface, wind speed, water surface 
temperatures, air temperature, and relative humidity. Surface conditions for most inland bodies 
of water are not uniform, therefore, this method can lead to variability in estimation of the 
transfer coefficient. 

E Rate 1 = Water Vapor Transfer Coefficient x Wind Speed x (Saturation Vapor 
Pressure at the Surface – Vapor Pressure of Air) 

2. Energy Balance Solution139 – Requires incoming (shortwave) solar radiation, albedo of the 
evaporating surface, temperature of the evaporating surface, the density of the air, air 
temperature, longwave radiation (calculated from air temperature, saturation vapor pressure of 
the evaporating surface, emissivity of the evaporating surface, and the Stefan-Boltzmann 
constant), the sensible heat transfer coefficient, and the latent heat of vaporization. This metric is 
commonly used due to its accuracy and simplicity, as it does not depend on the local 
geography.140This method is advantageous because it includes measurement of both evaporation 
and transpiration.141 

E Rate 2 = (Shortwave Radiation + Longwave Radiation – Sensible Heat Exchange) / 
(Density of Water x Latent Heat of Vaporization) 

3. Energy Balance Solution with Bowen Ratio142 – The Bowen Solution modifies the Energy 
Balance Solution by adjusting it according to the calculated Bowen Ratio. It is widely regarded 
as the standard method of determining free water evaporation143.  

E Rate 3 = (Shortwave Radiation + Longwave Radiation – Sensible Heat 
Exchange) / (Density of Water x Latent Heat of Vaporization). 

4. Penman Combination Solution144 – A similar solution to the Energy Balance Solution which 
does not require surface temperature data. This method is the most accurate when meteorological 
information is available. It is best used for small, well monitored areas. The main limitation is 
that it requires knowledge of multiple inputs.  

E Rate 4 = Delta (relationship of temperature and humidity) x (Shortwave Radiation 
+ Longwave Radiation) + Psychrometric Constant x 10-3 x Density of Water x 
LambdaV x Wind Speed x (Saturation Vapor Pressure x (1-Relative Humidity).  

                                                             
138 Ibid. 
139 Ibid. 
140 P. Gavilan and J. Berengena, Accuracy of the Bowen ratio-energy balance method for measuring latent heat flux 
in a semiarid advective environment (2007). 25 (2) 
141 Ibid. 
142 Physical Hydrology, Third Edition, S. Lawrence Dingman, 2015, Waveland Press 
143 Ibid. 
144 Ibid. 
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Lake evaporation rates for Quadrangle No. 601 (which includes EPCWID and Juárez Valley 
Irrigation District No. 9) are freely available from the Texas Water Development Board from 
1954 through 2016. These values were applied to the study to represent evaporation rates in 
Texas and Mexico from 1951 through 1978 despite potential discrepancies with free-water 
evaporation rates due to a lack of available data to calculate these values.  

The evaporation rate for the RGP in New Mexico was observed and recorded from evaporation 
pans at Caballo dam and New Mexico State University with data publicly available from the 
National Oceanic and Atmospheric Administration (“NOAA”) – National Centers for 
Environmental Information. The three sites and their station details are outlined below: 

Table 3.2 
Evaporation Measurement Sites and Station Details 

Site Name Latitude/Longitude Elevation Start Date End Date 

E. Butte, NM 33.146°, -107.1843° 1393.2 M 08/01/1908 02/05/201
8 

Caballo, NM 32.8965°, -107.3077° 1292 M 09/01/1936 02/05/201
8 

NM State 
University 

32.2823°, -106.7598° 1184.5 m 04/01/1959 03/08/201
8 

Source: https://www.ncdc.noaa.gov/cdo-web/datasets/GHCND/stations/ 

 

A major limitation of the pan-evaporation method is that it does not factor externalities, such as 
ecological withdrawals during warm/dry seasons. At the same time, the measurements are not 
uniform. They depend largely on the local and regional geographic features in the area. The 
measurements differ also depending on the type of pan used, the way it is situated, and the site of 
measurement. 
 
Evapotranspiration Rate 
The Penman-Monteith solution is solved to quantify evapotranspiration rates in the basin using 
representative values for a corn field. The Penman-Monteith solution requires many of the same 
values that the Penman Combination Solution employs, atmospheric conductance of water vapor, 
and vegetation specific variables for height of vegetation, zero plane displacement height, 
roughness height, leaf resistance, shelter factor, leaf area index, leaf conductivity, and canopy 
conductance. This metric is often used to evaluate at canopy scale, where resistance to water 
vapor is difficult to measure.  
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There is also a sheltering factor that plays a role in the transpiration process which varies 
significantly by plant type. Studies have shown that vegetation within the same system can show 
different rates of transpiration. “Some leaves transpire at lower rates because they are ‘sheltered’ 
from the sun and wind.”145  
 
Mean Daily Values 
Our team collected the observed mean daily value of air temperature, relative humidity, wind 
speed, water temperature, flow rate, and solar radiation from the UTEP weather station and 
multiple stream gages for the period of 2010 through 2017. The mean daily value for each of 
these variables was then averaged with the same value for every iteration of that day to create a 
mean daily value for the entire period. Finally, curves were fitted to the mean daily point data 
using sum of sine and Gaussian methodologies with varying multipliers (usually two or three). 
Apart from mean daily wind speed, the curve fitting process resulted in r2 values of at least 0.82. 

Figure 3.5 
2010-2017 Mean Daily Air Temperature @ UTEP 

 

 

Importantly, flows in the RGP demonstrate a clear trend, year upon year, from 2010 through 
2015 (2016 and 2017 flows were not publicly available) which is likely due to a combination of 
the RGP being highly engineered while serving a fairly constant (agricultural) demand. Note that 

                                                             
145 Estimating Daily Global Evapotranspiration Using Penman-Monteith Equation and Remotely Sensed Land 
Surface Temperature 
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curve-fitted flows in the Rio Grande River at river gage number 08364000 (just north of El Paso 
and Juárez; see stem diagram above) in the figure below present two distinct high points; one at 
approximately 10 cubic meters per second around the 100th day of the year (April 10) and 
another at approximately 21 cubic meters per second around the 170th day of the year (June 19). 
Flows at this point also approximate zero during the winter. 

Figure 3.6 
2010-2015 Mean Daily Flow Rate @ 08364000 

 

 

Critically, using this approach we see in the figure below that the temperature of the water in the 
RGP is closely linked to the temperature of the air. Both variables are key inputs to evaporation 
rate solutions and changes to air temperature are the key climate change impact considered by 
this study. While the water temperature does exhibit some sensitivity to flow rate, as might 
particularly be expected under pulse-flow conditions, it is generally much more closely aligned 
with air temperature.  
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Figure 3.7 
2010-2017 Temperature of Air and Water with Flows @ 08364000 

 

 
Area and Volume 
The surface area of the evaporating free-water surface is related to flows and required for some 
calculations of the evaporation rate and all calculations of the volumetric evaporation losses 
(evaporation rate x evaporating area x evaporation period) over the RGP distribution network. 

The length of RGP distribution networks is given by the USBR but the width of canals 
containing water (and thus evaporating) is unknown because current stream gages do not 
sufficiently capture water levels (more often only discharge and only rarely water temperature). 
The area of the evaporating surface considered by this study is therefore assumed to be a direct, 
linear function of water levels and the total surface area of RGP distribution networks (including 
primary canals and secondary laterals and drains). Where flows are high the surface area is high, 
where flows are low (or zero) the evaporating surface area is small (or zero). As a necessary 
estimate, the maximum width of primary canals is simulated at 30 feet and the maximum width 
of laterals and drains are simulated at 20 feet. 
 
 
 
 
Results and Discussion 

Our results indicate that evaporation and ET losses in the RGP are significant and may be greatly 
underestimated by the data set and curve-fitting considered by the Operating Agreement and 
Operating Manual. 
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Evaporation over Distribution Networks 
The evaporation rates calculated using the four solutions described above along with the 
observed, pan-evaporation rate in New Mexico and the TWDB lake evaporation rate for 1951 
through 1978 are presented together in the figure below. Note that all solutions correlate to 
temperature fluctuations throughout the year. In the winter (left and right sides of graph) when 
temperatures are low evaporation rates are also low while the reverse is true in summer (center of 
graph). While there is some variation among solutions all evaporation rates simulated exceed the 
TWDB lake evaporation rates while falling within a reasonable range of observed pan-
evaporation rates. 

Figure 3.8 
2010-2017 Evaporation Rates for RGP 

 

Volumetric evaporation losses are also significant, peaking at 54 acre-feet per day in Texas 
under the energy balance solution, and correlate to both flows and temperature (in the form of 
the evaporation rate applied, see above). If this estimate pictured in the figure below is correct, it 
would mean that a maximum of 22 acre-feet of evaporation losses per day in Texas would be 
unaccounted for if the TWDB lake evaporation rates for 1954 through 1978 were used as the 
standard metric. 
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Figure 3.9 
2010-2017 Evaporation Losses for RGP in TX 

 

A comparative analysis of the difference in selected evaporation rates calculated as described 
above with the TWDB lake evaporation rate demonstrates this point in the figure below. The loss 
lines appear jagged because the solutions are calculated by this study daily, but the lake 
evaporation rate is given only monthly. This estimate may introduce error, however, even the 
pan-evaporation rates observed in New Mexico (with their own errors and biases) demonstrate a 
clear increase from the 1960 through 1978 period to the 2010 through 2017 period. While the 
difference in the New Mexico evaporation rate curves is small, the change in volumetric 
evaporation losses (a function of irrigated area) is significant, peaking at approximately three 
acre-feet per day, and depicted in the figure below. 
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Figure 3.10 
Differences in RGP Evaporation Losses from 2010-2017 to 1951-1978 

 

 
Evapotranspiration over Irrigated Area 
Evapotranspiration is highly complex as it is a function of many variables with differing degrees 
of difficulty in estimation. Therefore, the ET estimates simulated here and shown in the figure 
below are highly simplified. The evaporation rate is calculated using the Penman-Monteith 
solution detailed above with standard values for a corn field. Many inputs to the Penman-
Monteith solution, such as shelter factor and canopy conductance, vary significantly from one 
plant or crop type to the next. Furthermore, volumetric ET losses shown here assume the crops 
are breathing year-round while this is clearly not the reality (fields are commonly left empty, or 
fallow, during the winter). Rather than a representation of fact, the ET losses shown here are 
provided as a reasonable approximation for reference. Note that ET losses over RGP irrigated 
agriculture are an order of magnitude greater than estimated evaporation losses over RGP 
distribution networks. 
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Figure 3.11 
2010-2017 Evapotranspiration Losses for RGP 

 

 
Climate Change Impacts 
The current evaporation and evapotranspiration losses in the RGP arising from increasing 
temperatures are significant, as demonstrated by the above analysis. As climate change causes 
increasingly drastic and potentially unpredictable changes in these two parameters, RGP losses 
can be expected to react accordingly. Using projected climate data from the recent report 
published by the Bureau of Reclamation, the same calculations for evaporation and 
evapotranspiration simulated previously are repeated with the one important difference; the 
temperature of the air and water is increased by 5 degrees Fahrenheit. 

The 2016 SECURE Report published by the Bureau of Reclamation anticipates that the Upper 
Rio Grande will experience a temperature increase of between 5 and 7 degrees Fahrenheit 
concurrent with between a 2 and 2.5% decrease in total precipitation by the end of the 21st 
century. These projections are applied to this study as a plausible climate model to estimate the 
changes expected in evaporation and evapotranspiration for the RGP by the end of the 21st 
century. 
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Figure 3.12 
Projected Difference from 2010-2017 Evaporation Rates for RGP 

 

 

As shown in the figure above, RGP evaporation rates increase under all four solutions where 
temperature rises due to climate change. The rise in the mass transfer solution is greatest, with a 
maximum increase of 1.7 millimeters per day from 2010 through 2017 rates, while the change in 
energy balance solutions is more modest, with a maximum increase of 0.4 millimeters per day. 

Volumetric losses under climate change, pictured in the figure below for Texas, increase with 
rising evaporation rates where all other factors are held constant. Furthermore, volumetric 
solution results clearly indicate the somewhat varied evaporation rate results, with maximum loss 
differences ranging from as little as 1.5 acre-feet per day (energy balance solutions) to as much 
as nearly 6 acre-feet per day (mass transfer solution) under climate change. 

Note that, as in the historical simulation, evaporation losses are linked to flows. These flows are 
assumed constant under the climate change projection (i.e. the same volume of water observed 
released from 2010 through 2017 is simulated for climate change) but this may prove unlikely if 
RGP inflows are also simultaneously threatened (as predicted). 
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Figure 3.13 
Projected Difference from 2010-2017 Evaporation Losses for TX 

 

 

Importantly, these results indicate that as the temperature rises with climate change RGP 
evaporation losses also rise. These climate change losses are in addition to the current (i.e. 2010 
through 2017 period) losses currently unaccounted for by the Operating Agreement. In Texas 
this could mean that as much as 21 acre-feet per day of current evaporation losses and 6 
additional acre-feet per day of projected evaporation losses, totaling 27 acre-feet per day, is not 
considered in determining reservoir releases and user allocations. 

Not to be forgotten, simplified evapotranspiration losses over RGP irrigated area depicted in the 
figure below demonstrates a similar response to changes in climate only on a larger scale. Simply 
increasing the air and water temperature by 5 degrees Fahrenheit is enough to increase simulated 
evapotranspiration losses over irrigated agriculture by as much as 267 acre-feet per day in New 
Mexico, 195 acre-feet per day in Texas, and 53 acre-feet per day in Mexico at the height of the 
summer (i.e. growing season).  
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Figure 3.14 
Projected Change from 2010-2017 Evapotranspiration Losses for RGP 

 

 
 

Policy Implications 
Our results indicate that the RGP is suffering current (2010 through 2017) evaporation and 
evapotranspiration losses unaccounted for by the allocation equations featured in the Rio Grande 
Project Operating Agreement (which relies solely on data from 1951 through 1978). While the 
four methods of evaporation calculation used to simulate losses have slightly differing results, all 
simulations show that RGP losses in the 2010 through 2017 period exceed those from the 1951 
through 1978 period (as indicated in Figure 10). 

Using the energy balance with Bowen ratio solution to evaporation (widely regarded as the 
standard solution), our simulation shows that under 2010 through 2017 conditions Texas alone 
experienced average annual evaporation over RGP distribution networks which was 2,131 acre-
feet per year greater than the rate determined for the 1951 through 1978 period. This lost volume 
of water roughly translates to supply needed for over 7,600 pecan trees at their peak summer 
water demand (250 gallons per day)146 for one full year. 

As temperatures increase due to climate change evaporation and evapotranspiration, rates will 
also increase and the total volume of RGP water losses unaccounted for will rise further. 
Evapotranspiration losses over irrigated agriculture are much larger than evaporation losses and 
may be particularly salient as the dominant use of RGP water is agriculture. Indeed, if all 

                                                             
146 New Mexico State University, Estimating Water Needs for Pecan Trees, http://aces.nmsu.edu/pubs/_h/H636/ 
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available acreage in Texas were irrigated and growing for one year, the evapotranspiration losses 
under climate change would be over 50,000 acre-feet greater than what would be predicted under 
2010 through 2017 conditions.  

Our examination of how the Bureau of Reclamation and other management organizations 
determine water allocation and delivery reveals several places where changes in policy could 
result in better stakeholder outcomes.  In particular, signatories of the RGP Operating Agreement 
and Operating Manual could update the equations used to allocate water in the RGP by using 
data more recent than the 1951 through 1978 period to empirically derive them. 

The current use of 1951 through 1978 period data to allocate water in the RGP creates alarming 
inaccuracies concerning the actual volume of water flows available for use. If, for example, the 
USBR were to release water from reservoirs in New Mexico for users in southern EPCWID in 
accordance with the current terms of the Operating Agreement, it is entirely possible that those 
users would receive less water than is both their right and USBR’s intent. More of it has simply 
evaporated along delivery than was expected. Evapotranspiration losses over agriculture are 
similar could greatly magnify this issue as some amount of return flow to the river is implicit and 
the changing losses here are an order of magnitude greater than evaporation over distribution 
networks. 

As the impacts of climate change exacerbate these problems, those downstream who rely on the 
waters of the RGP may soon find themselves at a loss. Mexico and specific areas in Texas (for 
example Hudspeth County - which receives water left over after deliveries have been made to all 
other upstream parties) may particularly suffer from the use of inaccurate data. We suggest that 
parties to the RGP Operating Agreement reassess the current operating plan using more recent 
data to update the equations which dictate water allocations. 
 

 
Innovative Solutions 

Sustainability of water systems is a pressing concern on a global level. Arid and semi-arid lands 
around the world face increasing evaporative and evapotranspiration losses with climate change. 
The fears of water shortage are no longer a distant reality as cities such as Cape Town, South 
Africa are running out of water. Water insecurity has led to a growth in research literature. 
Several studies have looked at how evapotranspiration rates can be mitigated through rapid 
short-term solutions. Alternative methods are tested to complement long-term investment in 
changes to infrastructure of dams and reservoirs, as well as water treaties. Cases conducted in 
Australia, Saudi Arabia, and Spain are illustrated below. 

One study conducted in 2016 was designed to combat the impact of drought and evaporation on 
open water bodies in arid parts of Australia. In this experiment, engineers conducted a 6-month 
trial to evaluate the effectiveness of clean plastic containers, known as modular devices, to 
mitigate evaporation rates.147 Water was stored in 240-L tanks with varying degrees of coverage 

                                                             
147  M M Hassan and W L Peirson 2016 IOP Conf. Ser.: Earth Environ. Sci. 35 012022 
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by the floating modular devices (nil, 34%, and 68%). The researchers found a “systematic 
reduction in evaporation” that was proportional to the amount of coverage. This method provides 
a viable option for evaporation mitigation at low cost to the state and taxpayers. However, 
further research is needed to determine if the results are applicable to larger water systems.  

Another study looked at the impact of palm-frond sheets as cover for open bodies of water in 
arid and semi-arid regions of Saudi Arabia.148 Four open water tanks with two different 
variations in surface area were used. The tanks were covered with one of two types of patterns: 
1) staggering strips over half the surface area, or 2) single palm-frond sheet covering half the 
surface area.149 Surprisingly, the results showed better performance from the staggering pattern, 
which led to 76% less evaporation depth compared to the uncovered reference tanks.150 These 
results also indicate that evaporation rates can be reduced using eco-friendly techniques. Sample 
photos of the patterns are shown below. 

Figure 3.15 
Palm-Frond Sheet Covers for Bodies of Water 

 
Source: Elsabaie, I. et al. Evaporation from Open Water Tanks Using Palm Frond Covers: Effects of Tank Shape 
and Coverage Pattern (2017) KSCE Journal of Civil Engineering 

 

In Spain, a study assessed the impact of a suspended cover on evaporation losses of an 
agricultural reservoir.151 The study compared the evaporation rates the first year without any 
cover compared to the use of the suspended cover the second year. The cover was a double black 
                                                             
148 Elsabaie, I. et al. Evaporation from Open Water Tanks Using Palm Frond Covers: Effects of Tank Shape and 
Coverage Pattern (2017) KSCE Journal of Civil Engineering 
149 Elsabaie, I. et al. Evaporation from Open Water Tanks Using Palm Frond Covers: Effects of Tank Shape and 
Coverage Pattern (2017) KSCE Journal of Civil Engineering 
150 Elsabaie, I. et al. Evaporation from Open Water Tanks Using Palm Frond Covers: Effects of Tank Shape and 
Coverage Pattern (2017) KSCE Journal of Civil Engineering 
151 Gallego-Elvira, B. et al. Energy Balance and Evaporation Loss of an Irrigation Reservoir Equipped with a 
Suspended Cover in a Semi-Arid Climate (south-eastern Spain) (2010) Hydrological Processes 
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polyethylene shade cloth. Remarkably, on an annual scale the cover reduced evaporation rates by 
as much as 85%. This study analyzed the impact of the shaded cover through both the energy 
balance and mass transfer approaches. The study found the “reduction in water-to-air vapour 
deficit” played a large role in the efficiency of the cover.  

These studies propose simple and affordable ways to limit and reduce evaporation losses. The 
solutions outlined above come at minimal cost but provide vast benefit for the environment and 
affected populations. The first two studies were conducted with water tanks, so it is possible that 
modular devices and palm frond covers may not be as effective over larger open bodies of water 
in the RGP. However, the Spain study was tested over an agricultural reservoir and had similar 
results of drastically lower evaporation losses. Altogether, these studies show that both full and 
partial cover can reduce evaporation losses.  

Despite the positive results, these innovations are not by any means the end-all solution. These 
methods tackle the symptom of evaporation losses, but they do not focus on underlying causes of 
water shortage such as inefficient allocations or over pumping. It is, however, a start. 
Policymakers should consider ways in which sections of the RGP can be covered. These 
solutions can play a role in sustaining the RGP water supply for generations to come. 
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Conclusion 
 

The Rio Grande/Río Bravo river, the lifeblood of the Paso del Norte region, has been 
characterized as a dying river.  Nature appears to be punishing the third longest river in North 
America with a marked decline in snowmelt at its source, continuing projected rises in 
temperature along its course, and growing frequency of drought.  The oldest river gauge in the 
United States is located at Embudo, New Mexico, on the river between Santa Fe and Taos.  
Constructed in 1881, the Embudo gauge recorded the lowest flows on the river in its entire 
history in 2018.152  Natural and man-made threats on the supply side are matched by growing 
future demand as population in the PdN is projected to grow by nearly 25%, reaching 3.2 million 
by 2040.153 The long-term sustainability of this dryland river basin clearly hangs in the balance. 
How water resources are managed will determine the outcome. 
 
 

Governance 
The main recommendation following our study of the governance of water resources in the PdN 
basin is to urge the IBWC/CILA to take advantage of its broad binational authority, non-partisan 
nature, and successful minute process and take a greater role in coordinating efforts of existing 
institutions and stakeholders to strengthen the sustainability of the Rio Grande/Río Bravo.  The 
IBWC/CILA is the one institution in the region whose authority and practices meet, or nearly 
meet, all of Nobel Laureate Elinor Ostrom’s eight principles for managing a Commons.  
Improvements in mechanisms for enforcement and conflict resolution would strengthen 
IBWC/CILA’s ability to take on greater responsibility in leading coordinated efforts to promote 
sustainability in the basin. 
 
IBWC/CILA’s minute system has already begun to successfully address issues relating to 
sustainability.  One of the newest minutes (2017), Minute 323 – The Binational Water Scarcity 
Contingency Plan for the Colorado River – has, for example, led to the successful transformation 
of the mouth of the Colorado River from a dry wasteland at the head of the Gulf of California to 
a thriving wetland.  There is significant potential for extending this line of thinking to the Rio 
Grande/Bravo basin which falls under its authority. 
 
 

Stakeholder Engagement 
The study of stakeholder engagement reported in Chapter 2 entailed conducting a survey and 
interviews on water governance with key classes of stakeholders in the PdN (municipal, 
agricultural, industrial, and environmental).  The study concludes that current stakeholder 
engagement in water policy decision making in the PdN falls short of meeting the highest levels 
of the six-level engagement scale that the OECD established in 2015.  Understanding how 
citizens, agricultural groups, environmental groups, irrigation districts, municipalities, and 

                                                             
152 R. Parker, “The Rio Grande is Dying. Does Anyone Care?”, The New York Times, Sept 8, 2018, 
https://www.nytimes.com/2018/09/08/opinion/sunday/rio-grande-river-drying-up.html 
153 Population projections for El Paso County, Ciudad Juárez, and Doña Ana County are based on public data and 
our own calculations.  Estimated to have a population of approximately 2.7 million in 2018, the PdN is expected to 
grow to 3.2 million by 2040. 
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industries fit together as consumers and stewards of the region’s water resources is essential in 
striking a balance in managing water in the PdN.  Without including a comprehensive spectrum 
of stakeholders in the process, it is difficult to achieve improvements in water delivery and use. 
 
The study recommends establishing an organization modeled after the now defunct Paso del 
Norte Water Task Force, an organization that brought together “water managers, water users, 
experts, and citizens working cooperatively to promote a tri-state, binational perspective on 
water issues that impact the future prosperity and long-term sustainability of the region”.154  By 
incorporating full participation across the PdN hydrological sub-basin, such an organization 
would implement the OECD guidelines for strengthening stakeholder engagement.  The study 
suggests four models to achieve this goal, each alternative essentially distinguished from the 
others by the choice of lead convener. 
 
 

Reservoir Operations 
The U.S. Bureau of Reclamation’s 2010 Operating Manual that governs the allocation of water 
upstream of El Paso under the inter-state Rio Grande Compact of 1938 specifies equations that 
are based on obsolete data that understate the threat of water scarcity in the 21st century.  
Evaporation and evapotranspiration losses in the Rio Grande Project region are significantly 
greater than accounted for in the USBR’s models, leaving downstream stakeholders with ever 
less water every year. 
 
The key recommendation is to update the data and estimates used to justify the allocations set 
forth in the manual. Baseline data from 1951-1978 are no longer enough in deciding how much 
water the El Paso del Norte region can expect to receive in the 21st century. An updated dataset 
should also lead to a revised set of empirical derivations and equations used to deliver water. 
Together, with the updated data and equations, the improvements would ultimately lead to a new 
operating agreement for the Rio Grande Project region. This new operating agreement would not 
only account for the management of the basin and the demands of the stakeholders, but also the 
effects of climate change on delivery of river water downstream. 
 
 

Policy Recommendations 
 
Policy Recommendation #1: Build on the IBCW/CILA Minute Process 
The IBWC/CILA and its minute process provide the institutional setting with the greatest scope 
in the region to facilitate the sustainable management of water resources considering changing 
conditions.  Since its inception, the IBWC/CILA’s focus has mostly been a technical one 
concerned with professionally managing the quantity of water delivered along the U.S.-Mexico 
border (dams, emergency deliveries of water, flood control, electricity generation, etc.).  
Beginning with Minute 206 in 1958, IBWC/CILA policy statements began to concretely address 
growing concerns with sanitation and water quality along the border more generally, concerns 

                                                             
154 https://www.meadowscenter.txstate.edu/rg/database_profile.php?iid=31, accessed August 15, 2018.  
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and actions that continue to this day.155  Longer-term and deeper ecological concerns with the 
sustainability of river systems were first voiced in Minute 306156 and, in tiny steps, given further 
and more affirmative expression in Minutes 307, 308, 317, 319, and 323.157  The IBWC/CILA, 
with its minute process, has demonstrated – however cautiously – its ability to adapt to shifting 
conditions and evolving scientific perspectives over time.  In doing so, it offers great promise in 
taking the lead in addressing longer-term concerns of sustainability of water management along 
the U.S.-Mexico border. 
 
The first recommendation here is to encourage stakeholders at all levels to work together to 
persuade IBWC/CILA to use its authority to continue to build on Minutes 307, 308, 317, 319, 
and 323 to develop a transparent framework for addressing the growing challenges to the long-
term sustainability of water resources along the Rio Grande/Río Bravo.  
 
Policy Recommendation #2: (Re-)Establish a PdN Water Task Force 
In 1994, under “Border 2020”, a binational initiative led by the EPA and SEMARNAT, leaders 
in the PdN established the Paso del Norte Task Force, an organization that worked to improve 
access to clean and safe water in the region.  It operated for twenty years until funding ran out. 
Its primary objectives were to strengthen international cooperation in water management and 
promote collaborative decision making.  The PdN Water Task Force evolved to become the 
primary information and communication hub for water policy concerns on both sides of the 
border at the Paso del Norte.  It was able to serve as the “on-the-ground” facilitator between the 
Mexican and US institutions.  Stakeholders on both sides of the border had access to the Task 
Force, providing consumers a more direct role in creating policy and regulations. 
 
The relevance and need for such a Task Force are evident. Serving as a platform for sharing 
information and exchanging points of view on regional water management provides a central 
point of contact for stakeholders of all stripes on both sides of the border, from individual 
farmers to irrigation districts to state and federal authorities.  Supporting a forum like this also 
addresses the desirable goal of strengthening the “nestedness” of IBWC/CILA’s remit.  As noted 
earlier, this is one element of Elinor Ostrom’s eight principles of successfully governing a 
commons that is least well developed in the PdN.  Filling that gap by strengthening the scope and 
depth of stakeholder engagement offers the promise of more comprehensive and efficient 
management of sustainable development in the region. 
 
Policy Recommendation #3: Improved Data Management 
Policy decisions and institutional change all require data that are both up-to-date and accurate. 
There are numerous interests that require data that are not only comprehensive and integrated, 
but also accessible by researchers and policymakers at all levels. For example, to determine the 
water allocation for an agricultural stakeholder, those in basin governance must have data from 
stakeholders on usage, crop demand, and water loss. There is also a need for consistent data from 
                                                             
155 IBWC/CILA, Minute 206, “Joint operation and maintenance of the Nogales International Sanitation Project”, 
January 13, 1958. 
156 IBWC/CILA, Minute 306, “Conceptual Framework for U.S.-Mx Studies for Future Recommendations 
Concerning the Riparian and Estuarine  Ecology of the Limitrophe Section of the Colorado River and its Associated 
Delta”, December 12, 2000. 
157 https://www.ibwc.gov/Treaties_Minutes/Minutes.html  
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reservoir operations, providing information on the supply of water for the time in question, and 
how this supply stands to be affected by climate change. The data must be up-to-date as the 
allocation for agricultural stakeholders is determined by available supply of water over the time 
period of regulated allocation and the demand for water is determined over the period crop 
growth.  Stakeholders and reservoir operators must have access to this data to upload information 
and updates that help improve regulation over time. As basin governance changes the allocation 
and usage restrictions of water, policy recommendations utilizing such data and extrapolations 
must be made available to stakeholders and reservoir operators to ensure permits and policies are 
met. The existence of such a comprehensive database would also allow for creating and 
analyzing trends in different regions of the Rio Grande, allowing for tailored policies, based on 
industries, crops, and water supply specifically in the El Paso del Norte region. 
 
Databases or integrated information systems such as the one suggested are not a novel concept in 
the United States. From the Energy Information Administration to the Economic Research 
Service, the federal government has in place programs in which surveys are strategically sent 
out, received, and analyzed. These policy structures allow access to greater data for external 
users in both the private and public sector and carry a level of credibility due to the rigid survey 
and analysis processing schedule. A scaled-down policy structure is needed for the El Paso del 
Norte region of the Rio Grande through the minute process established by Minute 308 in the 
1944 Water Treaty. Governance would establish the surveys, the scheduling of surveys, and have 
a team for analysis and policy recommendations that work from the data collected to promote 
sustainable water management practices. 
 
 

Final Remarks 
The International Union for the Conservation of Nature published the first chapter on 
“sustainable development” in 1980. In 1992, the UN published Agenda 21, a call for 
comprehensive plans for sustainability at all levels of governance. In 2015, the Organization of 
Economic Cooperation and Development published the “Principles of Water Governance”, 
creating guidelines by which water should be managed, distributed, and utilized as a human 
right. A few years ago, the SERIDAS project came together to discuss the problems and 
solutions existing across ten different river basins in arid regions around the globe. 
 
This report hopes to take this continuing conversation of sustainability to a space where everyone 
can be involved. It is important to find how science, people, and government fit together to 
create solutions for the water crises of today, building on the experiences of yesterday with an 
eye to a sustainable tomorrow. Sustainability is a word often used in various ways to describe the 
idea of continued resilience that has a compounded positive effect in the progress of the region. 
This report views sustainability as a global effort that starts with the individual, takes shape in a 
collaborative community, and unites the global arena in the effort to provide and protect one of 
the most basic human rights, reliable access to safe water. We propose to actively implement this 
agenda for the bi-national, three-state region of the Paso del Norte. 
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Appendix 
A: Results of 2017-18 Stakeholder Survey 
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