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ABSTRACT 
 

Conflicts over the optimal allocation of water resources are no longer just a concern but 

political reality. Increasing population and demands, competing uses, as well as 

uncertainty over scientific processes all add to the complexity of water management and 

in turn can lead to complex, difficult, and long standing water conflicts. This research 

employs Geographic Information Systems (GIS) to evaluate water conflict in interstate 

settings and examines the relationship between commonly held conceptions of water 

conflict and actual events. Results reveal a low number of observations in each of the 

examined basins.  Each basin has a unique relationship with the evaluated variables and 

the use of GIS reveals distinct spatial relationships for conflicts. However, the modifiable 

unit areal problem presents a real concern for continued application. Results also reveal 

that generalizing indicators of conflict across basins loses the inherent variability and 

nuanced relationships that are seen through a basin-by-basin analysis. 
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INTRODUCTION 
 
 
The development of water resources has led to over allocation of most western rivers and 

in turn, intractable conflict over the allocation and distribution of various waters in the 

west. In the western United States, water use generally follows the doctrine of prior 

appropriation. Prior appropriation is commonly referred to as the rule of “first in time, 

first in right,” and rights are assigned based on the date of application. The date sets the 

priority of right amongst all users within the basin: the older the date, the higher the 

priority and the more senior the right. Prior appropriation treats water as a private good 

that does not depend on ownership of land or adjacency to a stream.  Instead, the system 

provides a right to a specific quantity of water from a particular point of diversion to an 

explicit place of use for a defined purpose. The right can be sold, leased, or transferred 

with administrative variations by state (Sax et al., 2006). 

 

Conflict and disputes over the optimal allocation of water resources are no longer just a 

growing concern but often a political reality. Increasing population and demands, 

competing uses, increasing reliance on groundwater supplies, as well as uncertainty over 

scientific processes all add to the complexity of water management and in turn can lead 

to complex, difficult, and long standing water related conflicts. Conflict, for the purposes 

of this research, is defined as a disagreement by two or more parties over the allocation, 

distribution, or scarcity of water resources; existing or projected water quality problems; 

or over the protection of endangered species and/or associated habitat in a river basin 
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(Schlager and Heikkila, 2005). An important factor in conflict is the parties involved. 

Conflict involve multiple states, multiple uses such as agriculture versus municipal uses, 

ground versus surface water, water quality, and/or species or habitat protection issues. 

Conflicts do not include issues related to the allocation over a single water use or the 

interpretation or development of prior appropriation principles. 

 

The complexity and pressure of water management is even more prevalent for 

transboundary rivers as they are a unique circumstance due to the involvement of 

separate autonomous governments. As the name implies, transboundary waters are those 

that pass through one or more political boundaries, serving as a demarcation line for 

different management regimes. Understanding the unique management needs, concerns, 

issues and conflicts for these situations is a growing field. Initially, transboundary studies 

focused on international river basins. But in recent years, transboundary studies have 

expanded to include intra-national settings such as interstate rivers.  

 

Interstate rivers are those which pass through two or more state boundaries. These rivers 

provide a smaller yet parallel way to study transboundary issues as they are a unique 

setting for conflict management and resolution that differs from intra-state settings. There 

are twenty two interstate compacts in the Western United States. They serve as a good 

unit of analysis for water related research because they have similar climates, water laws, 

as well as regional, state, and federal institutions that overlap. There are several ways that 

adjacent states can collaboratively manage an interstate river. 
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Methods to Manage Interstate Rivers 
There are three principal ways to deal with interstate rivers; however, it is important to 

note that working against these doctrines, some states attempt to “localize” supplies and 

thereby retain control over the resource (Sax et al., 1991). In those cases, states acting in 

their own best interest have worked to restrict the transfer of water originating within 

their state by passing laws that favor residents or create undue burden for the export of 

water to the exclusion and/or detriment of downstream states. From a state perspective, 

waters originating within the state could be considered intrastate and therefore subject to 

relevant state laws.  These efforts have been defeated in recent court decisions through 

the commerce clause within the Federal Constitution which, beyond allowing free 

movement of goods between states, does not allow states to “hoard” water for their own 

economic benefit to the detriment of other states (Sax, 1991 and Grant, 1991). The main 

ways to deal with interstate rivers are congressional apportionment, judicial allocation, 

and the most common method, the interstate compact. 

 

Congress may apportion interstate waters as part of their power to regulate commerce 

among states. Once approved, the resulting act overrides any conflicting and existing 

state law through the supremacy clause. Sax et al. note that while this method is one 

approach to bring unwilling actors to the table, it is rare due to large political 

implications. The federal-state relationship is a delicate balance and a congressional act 

to determine the allocation of water resources could usurp the perceived equality of state 

control over resources. In addition, large states could influence the outcome of 

congressional acts due to mismatched representation of larger states in the House of 
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Representatives (Sax et al., 1991). To date congressional apportionment of interstate 

waters has occurred only twice, once in 1928 and again in 1990 (Sax et al., 2006).  

 

An alternate to the politically laden congressional act is judicial allocation by the 

Supreme Court. Eschewing the hierarchical system of prior appropriation, judicial 

allocations regarding interstate waters are based on the equality of state control over 

resources and thus decisions are coined to be under the doctrine of “equitable 

apportionment” (Sax et al., 1991). Any state, located in either the upper or lower section 

of an interstate river basin may seek decree over shared waters. Prior to judicial 

allocation, the Supreme Court must decide if “injury” incurred by the defending state. 

Supreme Court determinations are considered final and require state compliance; 

however, federal regulations such as the Endangered Species Act may require decisions 

to be reviewed ex-post.  

 

The most common method of dealing with interstate rivers is through an interstate 

compact. Interstate compacts combine the power of federal law with outcomes reached 

through negotiation by participating states. Interstate river compacts are "...intended to 

allow each state to effectuate its own choice of water law and to use its allocated water 

within its boundaries whenever it might choose in the future—this all without fear of the 

timing of development in other states, and also to ensure that the United States would not 

allocate the water contrary to the choice of the states" (Hobbs, 1997). Once allocation 

determinations are finalized, compacts are approved by state legislature with the final 
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veto or approval power retained by Congress. In accordance with the compact clause in 

the Constitution, states may only contract with each other given congressional approval 

(Sax et al., 1991). This clause protects federal supremacy and alleviates fear of injuring 

other states or the possibility of a multi-state contract to increase power at the detriment 

of the federal government. Once ratified by Congress, the compact becomes federal law 

and subsequently overrules any inconsistent state laws and acts as a binding contract 

between respective states (Bennett et al., 2000). In addition, waters allocated within the 

compact are not subject to the commerce clause (ibid).  

 

The boundaries of an interstate river compact are determined by the physical and 

hydrological boundaries of the river basin including types of water to be governed (e.g. 

water in the stream, reservoirs, or groundwater), quantity of water, water quality, habitat 

preservation and users subject to the compact (Schlager and Heikkila, 2005). Compacts 

may also provide alternate avenues to resolve conflict. For example, some compacts have 

appointed formal commissions to deal specifically with the management and oversight of 

the compact and others rely on state agency oversight, most usually the respective state 

engineers. Beyond standard conflict resolution mechanisms such as judicial and 

legislative systems, mediation, negotiation, and arbitration, compacts may also outline 

additional steps for dealing with conflict.   

 

There are twenty-two interstate river compacts in the western United States (Bennett et 

al., 2000). Through time, they have faced numerous management issues including issues 
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surrounding the ownership and distribution of supply, water quality issues, management 

of new or recycled water sources, as well as changing societal values with relation to 

species and habitat protection.  

 

Structure of Interstate Compacts 
Interstate compacts do not govern how each state manages water within their boundaries 

but do allocate interstate waters between participating states. The boundaries of a 

compact are generally determined by the physical and hydrological boundaries of the 

river basin including types of water to be governed (e.g. water in the stream, reservoirs, 

or groundwater), quantity of water, water quality, habitat preservation and users subject 

to the compact. The design of a compact, specifically how water is allocated among 

states, is an important factor when considering how a compact enables states to 

effectively deal with challenges in their basins. Every river is a unique system that 

requires consideration of many factors when designing a compact. Thinking of design at 

a conceptual level may aid in understanding the potential for conflict. Specifically, 

understanding the equality or rather, inequality of the distribution of economic risks and 

benefits between upper and lower basins infers certain areas may have a higher potential 

for conflict.   

 

There are many variations of potential allocation rule compact designs; in general, 

however, they can be grouped into two main types, fixed and proportional. Fixed 

interstate compacts provide a specific quantity of water to each state based on a defined 
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unit of measurement, e.g. million acre feet (maf) or cubic feet per second (cfs) (Bennett et 

al., 2000).  In general, a fixed allocation compact provides less flexibility to deal with 

varying climatic and hydrologic conditions and is considered to be a less effective 

compact design. Fixed design presents greater risk to the upper basin as they strive to 

meet compact obligations regardless of climatic conditions. While it should be noted that 

risk can be either positive or negative depending on the level of risk aversion, a 

conservative viewpoint implies negative connotation to increased risk. Overall net 

benefits, as noted in a model by Bennett et al., (2000) also tend to favor the lower basin 

due to a generally advanced degree of economic development and potential benefit of 

instream flow values stemming from the upper basin. Benefits for the upper basin include 

larger return flows and savings from reduced evaporative loss; conceptually and from an 

economic perspective, the benefits to the upper basin appear to be less. Proportional 

compacts rely on percentage allocations to divide water between states; for example, one 

half the daily mean flow at a specific location for a given period of time. The Rio Grande 

compact is one example of a percentage based compact. Proportional compacts provide 

greater flexibility since the percentage design encompasses climatic conditions. For 

example, in times of drought the burden is shared by all involved in the compact and 

percentages for each state are reduced.  Bennett et al., (2000) also note that percentage 

compacts tend to more equitably divide risk and benefits within a basin. The efficiency of 

the type of compact used is highly dependent on the unique environment of each basin. 

Many compacts incorporate aspects of both fixed and proportional elements such as the 

case for the Costilla Creek and Pecos River compacts (Bennett and Howe, 1998).  
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Framing & Alternative Dispute Resolution 
 

How actors (e.g. a state representative) understand a given situation is, in the field of 

alternative dispute resolution, termed a frame (Lewicki et al., 2003). In other words, it is 

the lens through which an individual perceives the world around him. Frames define the 

issues for each actor, shape and justify their actions, and also bring others to action (ibid). 

The frames through which any conflict is viewed can impact its’ length, complexity and 

tractability. Like all conflicts, environmental conflicts vary in length, difficulty to 

resolve, and path to resolution.  The continuum presented by Lewicki et al., (2003) 

summarizes the various degrees of conflict succinctly. 

 

Problem Solving   Tractable Disputes   Intractability 
Common Ground    Collective Potential    Repeated 
          unsuccessful  
          resolution  

attempts   
 
Figure 1.  Continuum of intractability. Reproduced from Lewicki et al (2003).  
 

An intractable environmental conflict is defined as a conflict that is long enduring and 

has had repeated failed attempts for resolution. It is considered intractable if the actors do 

not see a common path for resolution (Lewicki et al., 2003). Intractability has several 

characteristics including divisiveness, intensity, pervasiveness, and complexity (ibid). 

Discord among parties and how divided parties may be over the perceived best outcome 

adds difficulty to resolving a conflict. A high degree of personal involvement or 

allegiance to a particular stance can make it difficult to find common ground.  How 



22 

 
 

extensive the conflict is may also impact its resolution; and finally, the complexity of the 

conflict also adds to the level of intractability (ibid).  

 

Alternative dispute resolution (ADR) includes four primary methods to resolved conflict 

outside of the courtroom. These methods are negotiation, mediation, arbitration, and 

adjudication. Each of these processes involves a neutral third party to assist with the 

resolution process, clarify the issues of involved parties, and help move the process 

towards resolution (hopefully). Each method differs in the level of formality, rule 

structure, and enforceability of the outcome.  
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Table 1. Traditional dispute resolution processes. Adapted from Goldberg et al., (2003).  
 

Dispute Resolution Processes 
Characteristics Adjudication Arbitration Mediation Negotiation 

Voluntary/Involuntary Involuntary Voluntary Voluntary Voluntary 

Binding? 

Binding 
(subject to 
appeal) 

Binding 
(subject to 
review) 

If agreement is 
reached it is 
enforceable (may 
be incorporated 
into court decree) 

If 
agreement, 
enforceable 
as contract 

Level of Formality 

Formal and 
highly 
structured with 
predetermined 
rules 

Less formal; 
procedures and 
rules may be 
set by involved 
parties 

Informal, 
unstructured 

Informal, 
unstructured 

Private/Public Public 

Mostly private 
unless court 
ordered then 
public Private Private 

 

These methods have been combined into a variety of mixed processes often called 

“hybrid” dispute resolution processes (Goldberg et al., 2003). For the management of 

interstate rivers conflict resolution methods outside the traditional court system include 

informal negotiation between state representatives, the interstate compact commission, 

state legislation, intervention by a Federal agency, and mediation.  

 

The last twenty years have been considered the alternative dispute resolution movement. 

(Goldberg et al., 2003). Even before the “official” ADR movement, alternate approaches 

for resolving conflicts were well established. However, Goldberg et al., in their review of 

the use of ADR today, remark that it still is not being used to its’ potential (2003). They 
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attribute the lack of knowledge and understanding of the general topic and availability of 

these processes as to why ADR is not used to its’ full potential. Furthermore, the well 

established emphasis of American society on litigation prevents straightforward change 

to better incorporate these methods as a way of life (Goldberg et al., 2003).   

 

Environmental conflict resolution is a slightly narrower topic as these types of conflicts 

have different characteristics than other types of disputes (such as family or consumer 

disputes).  Environmental conflicts are public disputes that involve multiple parties 

(which can grow or change through time), varying levels of technical expertise, bring 

different decision making processes to the table, must take into consideration a nested 

level of government rules and can cover a broad range of topics (Carpenter and Kennedy, 

2001). 

 

Research on environmental dispute resolution methods covers a wide array of topics – 

from the feasibility, costs, and benefits of each type to contributions theoretically on the 

how and when to utilize these methods.  In their book, Braving the Currents, Pearson 

d’Estree and Colby (2004) offer a succinct literature review regarding measures of 

environmental conflict resolution success. With this review, Pearson d’Estree and Colby 

(2004) address the primary issues with research in environmental conflict resolution. 

Alternative dispute resolution research encompasses a wide range of methods consisting 

of either traditional or mixed methods. Hence, literature on the resolution of 

environmental conflicts is highly variable and lacks a systematic focus to understanding 
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the field. Much of this research has been focused on individual cases, examining the 

reasons why specific methods work in individual cases. Research on a larger, “macro” 

scale is needed to better understand aspects such as how the role of government and 

institutions affect these processes (Pearson d’Estree and Colby, 2004). Dispute resolution 

research has not addressed how more formal forums affect both the process and outcome 

of environmental disputes (ibid).  

 

Pearson d’Estree and Colby, (2004) also point out that research in environmental conflict 

resolution methods is not well integrated with other fields. Integration with other fields 

would assist the aforementioned research needs in this area by moving beyond the 

evaluation of individual cases and into a broader perspective. This project contributes to 

the integration of environmental conflict resolution by evaluating conflicts and their 

resolution with the use of a geographic information system. 

 

Efficient management of all common pool resources requires the ability to adapt to 

changes in the resource system (environmental change) as well as with users (social 

change). In the 2002 National Research Council book, Drama of the Commons, the 

authors present several critical areas for research including a better understanding of the 

dynamics, adaptation, and evolution of resource management institutions (Ostrom et al., 

2002). The authors further assert that the importance of adaptability will become more 

prevalent as environmental changes come more rapidly (ibid). However, research on how 

institutions adapt has been scarce. Using GIS to evaluate potential spatial patterns of 
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conflicts (as defined in this research) is one way to support this larger goal. 

Understanding potential spatial relationships between conflict resolution methods and 

basin locations may aid managers by providing a new way to incorporate and integrate 

previously successful resolution venues that have occurred repeatedly in specific basin 

locations (See pp.227-232 and 252-256).   
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Problem Statement 
GIS is a method to manage, evaluate and analyze data. Physical and social phenomenon 

can be characterized through spatial pattern. GIS is used to examine spatial variation for 

physical patterns such as vegetation or soil type and is becoming more widely used for 

social phenomena such as international or domestic conflicts. In this format, social, 

economic, and environmental variables can be integrated to analyze patterns both in 

space and through time. Traditionally, water conflict has not been explored in a GIS 

format. Water management and therefore conflict within a given basin is extremely 

context specific, constraining the details to that basin and making it difficult to generalize 

on a larger scale. Because conflicts vary in both space and time, GIS can serve as an 

additional way for managers to better understand patterns and relationships in and across 

basins. 

 

To date, there is a dearth of literature on the use of GIS to map and understand water 

related conflict in interstate settings. The most prevalent types of GIS applications in the 

water management field are the use of participatory GIS for decision making and 

modeling for planning efforts. Research involving the use of GIS and water related 

conflict has been focused at the international level.  

 

The small (but growing) body of work involving the use of GIS and water related 

conflicts in transboundary settings is from a long term research project at Oregon State 

University (www.transboundarywaters.orst.edu for more information). Researchers there 
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have built a GIS of historically based events and related variables to analyze indicators of 

future tension in international basins (Wolf et al., 2003A). The GIS incorporates an 

established scale of cooperative and conflictive behavior, the Basin at Risk (BAR) scale, 

for all water related events in international watersheds to identify basins at risk of future 

conflict. Their work, to date, is the only that utilizes GIS to identify and evaluate 

transboundary water issues in this manner. While the goal of this research is not to 

determine indicators of conflict in interstate settings, their research provides the platform 

from which this thesis research results.  

 

There is a commonly held conception that water conflict is often brought about by 

changes in climate, population change, water stress (water available per capita) and/or 

increased water demand (Wolf et al., 2003B). In their study, Wolf et al. found that these 

measures of conflict were, at best, only weakly linked to the onset of conflict (2003B).  

These variables did affect the level of conflictive or cooperative behavior among actors 

(using the BAR interaction scale), but did not have an impact on the occurrence of 

disputes. Instead, the authors present an alternative hypothesis, which states that “the 

likelihood and intensity of dispute rises as the rate of change within a basin exceeds the 

institutional capacity to absorb that change (ibid).” Institutional capacity is the ability of 

an organization to successfully manage physical, institutional, or other changes within a 

given basin. This research evaluates the onset of conflict in interstate basins with physical 

changes in the system including population change, mean annual streamflow, and water 

use records.  
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This research adds to this small body of work by using GIS to evaluate conflict in intra-

national but interstate settings. The research consists of three goals to address the use of 

GIS for water related conflict in interstate settings and the relationship between 

commonly held conceptions of water conflict and actual conflict events. First is a general 

characterization of water related conflict in three interstate settings. Characterization of 

conflicts separately (each basin) and together may reveal if there are patterns for specific 

aspects of conflicts overall. This includes summary statistics for the total number of 

conflicts, mean duration, conflict types, underlying problems to the conflict, forums 

where conflicts was exhibited, venues used to approve settlement agreements, 

involvement of related variables such as the federal government or groundwater and 

finally outcomes to the conflict.  

 

The second goal is to input conflict data and other variables into a GIS and evaluate 

patterns and relationships through time. There are several research questions including is 

GIS an appropriate tool for visualization and analysis of conflict in interstate settings? 

What is the geography of conflict in the basin through time? Do specific conflict 

resolution venues get used in specific parts of the basin more than others? Do different 

types of underlying problems to the conflict associate with specific parts of the basin? 

And is the occurrence of conflict associated with population change?  
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The third goal is to evaluate the relationship between the onset of conflict and related 

socioeconomic and environmental variables using measures appropriate for intra-national 

settings. Variables are evaluated that include population change (measured as percent 

overall population change), mean annual streamflow at key gaging stations, and water use 

demand data with conflict events. It is a commonly held assumption that population 

change is a driver of conflict. It is self evident to think that conflict may increase 

population and demand increase leaving resources strained even farther. GIS is employed 

to evaluate the change in population density and the onset of conflict at the county scale. 

The second variable is annual streamflow. It is easy to assume that in years following an 

exceptionally low streamflow year, conflict may arise regarding the optimal use and 

distribution of water. Annual streamflow statistics can provide insight as to whether or 

not the start of a conflict occurs directly in or following a relatively dry period within the 

basin. The third variable is an analysis of conflicts and water use demand. Somewhat 

similar to population change, water use demand may reveal relationships with conflict as 

water is re-distributed over time to higher economic uses (e.g. agriculture to domestic 

use). The fourth variable is major water projects. A timeline of conflict dates and the 

installation dates of major dams and reservoirs for each basin was created to evaluate 

possible relationships. The primary hypothesis regarding this variable is that large storage 

projects such as dams and reservoirs were built in response to reoccurring conflict.  

 

This study evaluates three interstate river basins; the Rio Grande, the Pecos River, and 

the Costilla Creek basin. The Rio Grande compact was signed in 1939 between Colorado, 
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New Mexico, and Texas. The Pecos River compact was signed in 1949 between New 

Mexico and Texas. The Costilla Creek compact was signed in 1944 between Colorado 

and New Mexico. These basins were chosen because of their ecologically similar 

contexts, include the same states, and the two smaller basins, the Pecos River and Costilla 

Creek are considered tributary to the Rio Grande.  

 

The organization of this thesis is straightforward. Background on state water management 

for Colorado, New Mexico, and Texas is provided to give a general understanding of 

water management rules in the three states.  Following this overview, a description of 

each basin, its location, history leading to the creation of the compact as well as the 

structure of the compact is provided. Then follows a chapter each of the three goals: 

characterization of water related conflict, use of GIS, and evaluation of conflict and 

associated variables. The general characterization of conflicts provides an understanding 

of the dominant types of issues and conflict resolution methods for each basin. The 

following two chapters, including comparison of conflicts and other associated variables 

tests the hypotheses set forth by Wolf et al. in an interstate setting. Each chapter will 

follow the basic outline of data collection, methods, results, and discussion. The 

conclusion will incorporate all findings. 
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Figure 2. Project study area. The Rio Grande, Pecos River, and Costilla Creek 
basins in Colorado, New Mexico, and Texas. 
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BACKGROUND 
 
 
In order to introduce the current structure for water rights and management within 

Colorado, New Mexico and Texas, it is prudent to recognize Spanish and Mexican legal 

influences. In 1848, a significant portion of what is now the southwestern U.S. was ceded 

from Mexico to the United States under the Treaty of Guadalupe Hidalgo. As a condition 

of the treaty, the United States agreed to honor existing title rights. These land titles did 

not however define how and/or if water was tied to these rights. Spanish and Mexican 

water use was largely a communal endeavor; acequias were based on the annual 

availability of water, held and served to the community for the benefit of the whole. 

Through the years, some claim that the legal system interpreted these titles however best 

to serve the needs of the state at that time (Sax et al., 1991). Today, New Mexico and 

Texas recognize these rights via an assigned priority date under their current legal 

structure for water resources. In addition, states must also contend with federal reserved 

water rights for Native American tribal reservations. “A federal land reservation, by 

necessary implication, may involve a United States reservation of unappropriated waters 

necessary for the primary purposes of the reservation. The water reservation dates to the 

creation of the land reservation (Hobbs, 1997).” Federal rights exist in the state of New 

Mexico in the form of pueblo water rights, rights associated with a pre-treaty town or 

village. While recent settlements have adjudicated some pueblo rights in the state of New 

Mexico, not all pueblo rights have been quantified. 
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Colorado 
Colorado’s legal system for water resources embodies the doctrine of prior appropriation; 

the state’s framework regarding the ownership and rights for water resources was adopted 

in the 1860’s and is known as the Colorado doctrine. As previously mentioned, the 

doctrine of prior appropriation rests on the principles of “first in time, first in right.” 

More specifically, the doctrine defines all surface and ground water as public resources 

that are meant for beneficial use by public agencies and private parties. Furthermore, 

water rights grant the use of a portion of the public resource but not sole ownership. In 

addition, rights owners can build facilities on lands of others to divert, extract, or move 

water to place of use as well as use streams or aquifers to transport and/or store water 

(Hobbs, 2003). Beneficial use, incorporated explicitly in the Colorado doctrine, is defined 

as the measurement of reasonable efficiency. This broad definition incorporates 

beneficial uses such as the assumed domestic/municipal and agricultural uses to a 

reflection of current societal values such as instream flows for fisheries, recreation, and 

snowmaking (ibid). Newer societal values such as those mentioned most often have a 

junior priority over other older and more established uses reflecting their recent standing. 

Junior rights are the first rights to be shut down in times of drought. 

 

There are five distinct classes of water recognized within the state. Surface water is 

classified as “direct flow,” water which is removed from the stream and immediately 

taken to place of use or “storage water,” which is water put in a storage facility (i.e. 

reservoir) for future use (Hobbs, 2003). Groundwater is either “designated ground water” 

and not generally connected to a stream, “non-tributary groundwater,” which is any water 
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outside of a designated groundwater basin, or “tributary groundwater” which is connected 

to surface water and administratively treated in the same manner (ibid). Application for 

any water right is overseen by the State Engineer and requires the existence of 

unappropriated water, no harm to existing users, accordance with state water 

management goals, and public welfare (Hobbs, 2003). 

 

In order to facilitate efficient administration, the state is divided into seven divisions for 

the administration of water rights.  Overall administration is charged to the state engineer 

and each basin has a division engineer, which may include a water commissioner for 

specific streams. Each basin has a water court specifically dedicated to resolution of 

conflict over water resource issues. Beyond conflict resolution, these courts address water 

rights definitions, revisions, and transfers. Both Costilla Creek and Rio Grande systems 

are located in basin #3, with office headquarters in Alamosa. 

 

One of the primary ways to address claims of insufficient water due to competing 

demands between senior and junior users is through a “call” of the river. A call of the 

river sets a chain of command in motion to determine the legitimacy of the claim, review 

of uses on the river adjacent to the claimant, and the suspension of junior rights until the 

claimants’ water rights are met. The call on the river can change quickly depending on 

water availability, prolonged drought scenarios, or commitments due to interstate 

compacts, equitable apportionment decrees, or trans-basin diversions (Hobbs, 2003).  
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New Mexico 
The State of New Mexico follows the Colorado doctrine for both surface and ground 

water.  Similarly, the state also uses a broad definition of beneficial use. However, water 

rights administration is more centralized than in Colorado and New Mexico does not 

maintain the same level of rights monitoring and enforcement that Colorado maintains. 

Recognized beneficial uses in the past have included agriculture, commercial, domestic, 

industrial, state goals, stockwatering, and recreation (BLM, 2001B). In 2004, 76% of all 

use was for agriculture, 10% lost to evaporation, 9% public supplies and domestic use, 

and 5% for all livestock, commercial, industrial, mining, and power uses (Office of the 

NM State Engineer, 2005). Classification of surface water types recognized by the state 

are left indistinct beyond general classification. In 1931, the state enacted legislation that 

required management of groundwater in designated “underground water basins” for the 

protection of existing rights and conservation of supply. However, groundwater overall 

has not been extensively incorporated into the state’s prior appropriation doctrine. 

Overall water administration for the state is more centralized than Colorado with much 

more authority resting with the State Engineer. The Office of the State Engineer is 

responsible for the administration of all water rights as well as technical studies of the 

state’s rivers. The Interstate Stream Commission is charged with the mission to protect, 

conserve, and develop stream systems of the state including the administration of 

interstate streams, water development projects, and regional water planning. Finally, the 

Interstate Stream Commission is responsible for handling all disputes related to interstate 

waters. 
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Texas 
Texas is a dual doctrine state, recognizing both the prior appropriation and riparian 

doctrines. Three separate influences shape the state’s current system; the Spanish acequia 

system, the establishment of the Mormon community who were the first to outline 

beneficial use and the priority system, and the California gold rush (Kaiser, 1987). The 

older of the two doctrines, the riparian doctrine, is followed extensively in the eastern 

portion of the United States where water is generally not a limiting factor. Riparian rights 

are rights that extend to landowners whose land is adjacent to a waterbody for use on the 

appurtenant land. Generally, riparian rights are court decrees used to resolve conflict over 

the resource for a specific incidence. In Texas, riparian rights originate primarily from 

Spanish settlement in San Antonio (Templar, 2006). State legislation from the late 1960s 

adjudicated existing riparian rights and incorporated them into the system of prior 

appropriation. While no new riparian rights can be claimed in Texas, existing pre-1969 

rights are upheld. 

 
Beneficial use is also defined in the state of Texas, however, unlike Colorado and New 

Mexico, Texas maintains a hierarchy of those uses. Based upon a priority of time, 

beneficial uses, in order of priority include: domestic/municipal, industrial, irrigation, 

mining, hydroelectric power, navigation, recreation/pleasure, and finally, other beneficial 

uses (Kaiser, 1987). Water rights are usufructory rights in the form of a state license for 

specific amounts, place, and purpose and can be defined for specific periods of time 

including seasonal, temporary, regular, or emergency (ibid).  There are four distinct 

classes of water recognized, and as Kaiser (1987) notes, “the water container determines 
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the law to apply.” Surface water in a defined waterway is called “natural surface water” 

and is owned by the state whereas “diffused surface water” includes drainage and runoff 

and is not owned until it joins a watercourse. Groundwater follows a different doctrine 

than surface water.  

 

Groundwater supplies 60% of total water used in the state of Texas and the legal structure 

follows English common law and the rule of absolute ownership (Kaiser, 1987). 

Landowners may use underlying groundwater without regard to their neighbor or the 

reasonable use clause as long as their use is not with the intent to injure adjacent users 

(ibid). There are two distinct classes of groundwater including “percolating 

groundwater,” owned by the overlying landowner and “underground streams.” 

Underground streams and stream underflow have been explicitly ignored in Texas water 

code (ibid). To date, the state does not recognize the hydrologic connectivity between 

surface and ground water as is mirrored in recent court decisions. The hydrologic 

disconnect and private ownership of groundwater resources by overlying landowners 

results in the decentralization of water management efforts (Durant & Holmes, 1985). 

Unlike Colorado or New Mexico, landowners in Texas are left with a regulatory loophole 

through which groundwater use is managed only minimally. While a legislative act in 

1985 permitted the creation of local groundwater conservation districts to manage 

supplies for specific regions (Templar, 2006), groundwater basins are not wholly 

encompassed within these districts resulting in the possible mismanagement of supplies. 

The decentralized management of the supply and hydrologic disconnect encourages a sort 
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of competition, one to capture and utilize the resource for personal benefit. From this 

comes the oft referred nickname for Texas groundwater management as the “law of the 

biggest pump.” 

Costilla Creek 
Costilla Creek is a small interstate stream located on the border between Colorado and 

New Mexico. Headwaters are located on the west slope of the Sangre de Cristo mountain 

range in New Mexico at approximately 12,000 feet above sea level. From alpine forest 

and valley floodplain to desert floor, Costilla Creek travels through most major 

ecosystem types prior to its’ confluence with the Rio Grande. While the majority of the 

51 miles that comprise Costilla Creek are located within New Mexico, the stream 

meanders in a westward fashion across the Colorado-New Mexico boundary line three 

times before joining the Rio Grande (Knox, 2003). Exploration of the Costilla Creek area 

was not extensive until the Santa Fe Trail was created in the mid 19th century. At that 

time, this valley was considered one of the finest examples of arable land in the west 

(ibid). The lands of Costilla Creek were divided and granted to prominent residents with 

subsequent sales and further division increasing settlement in the area. Agriculture 

remains the primary consumptive use of water within this watershed. 

 
 
The Costilla Creek compact (CO, NM) was originally ratified in 1944, amended in 1963, 

and is a combination of both fixed and percentage design elements (See Appendix C for 

amended 1963 compact). Development of the compact dates back to the 1860s when 

Dutch and American investors, new land grant residents, initiated development plans for 
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the settlement and irrigation of a large estate adjacent to the creek (Knox, 2003). 

Immediately, conflict and concern arose from existing settlers who had an acequia system 

in place to irrigate smaller farm plots. By the turn of the century, Costilla Creek was fully 

appropriated by users in both Colorado and New Mexico. Several court cases led by the 

private development company transpired during this time in an effort to prohibit and 

diminish local rights. The following years were a tangle of economic problems for the 

private development company, allowing further development of acequias in both states. 

Throughout this time, development and coordination of these supplies were completed 

through the State Engineer of each state with minimal coordination between the two 

jurisdictions (Knox, 2003).  

 

Because of the semi-arid and seasonal character of Costilla Creek coupled with the 

continued development of the creek in both states, an additional reservoir was completed 

in 1920 on the New Mexico side of the creek (Knox, 2003). The new reservoir, Eastdale 

reservoir, was mainly used as a conveyance facility from Costilla reservoir which was 

located upstream and remotely within a canyon. The new reservoir gave considerable 

rights to the private development company but in accordance with the doctrine of prior 

appropriation, rights associated with acequias on lands in Colorado were maintained. By 

World War II, land irrigated with water from Costilla Creek totaled over 5,000 acres in 

New Mexico and an additional 5,000 in Colorado (ibid). By the mid-1930s coordination 

of rights and permits was a tangled mess, conveyance facilities were dedicated to one 

state while the water itself was dedicated to another. The private water company, having 



41 

 
 

invested considerable capital to the development of Costilla Creek, brought suit to 

Federal Court seeking to enjoin users in both states.  The court directed parties to initiate 

compact negotiations as a way to equitably allocate the limited waters of Costilla Creek 

between the two states; compact negotiations began in 1941 (ibid). 

 

The purpose of the compact was to resolve conflicts between the two states regarding 

irrigation operations within the basin, to provide a mechanism to deal with future 

conflict, equitably and efficiently allocate water between the states, equalize basin 

benefits between the two states and provide coordinated operations of existing and future 

water management facilities (Colorado DWR, 2000). Streamflow is allocated in fixed 

quantities and storage facilities follow proportional design. The compact commission 

meets and reports on during the irrigation season and on an annual basis for review of 

operations and maintenance. Prolonged and reoccurring drought in the mid-1950s 

resulted in violent conflict in the Costilla basin as a result of curtailment of supply to 

junior rights holders. Adding to this was the conflict between the compact definition of 

the irrigation season versus the long standing practices of local acequias. In anger over 

the curtailment, incredulous acts included destruction of headgates, death threats, and 

shootings (Knox, 2003)! While these acts are an exception to the norm, conflict persists 

as drought quickly impacts this basin.  

 

In addition, alternative interpretations of the compact by local users have led to tension 

regarding the storage of surplus waters in Eastdale reservoir as well as problems related 
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to unaccounted water due to the network of irrigation ditches both in use and abandoned 

(Knox, 2003).  By the early 1960s, Colorado desired to transfer water uses from one 

interstate ditch to another, and the compact was amended in 1963 to account for revised 

interstate delivery requirements on the two affected ditches. A water master was 

appointed to manage the daily administration during the irrigation seasons in both states.  

 

In the 90s a local environmental group began pressuring the compact commission for 

more efficient, equitable, and environmentally responsible management of the river.  

Complaints centered on high sediment loads, inadequate downstream flow, and the 

amount of water certain rights holders were allowed to divert. The group and commission 

collectively resolved the concerns. Unlike most interstate compacts, the Costilla Creek 

compact has not been involved in any litigation since adoption in 1944.  

 

Pecos River 
The Pecos River begins in the Sangre de Cristo Mountains of northeastern New Mexico, 

flows south for 920 miles and drains approximately 45,000 square miles. It is considered 

a tributary of the Rio Grande and runs parallels to it for most of its length. Originating at 

13,000 feet in elevation, the Pecos River travels through mountains, grasslands, irrigated 

farmland and canyons although it is primarily situated in desert.  Known by several 

names, the Pecos, Salty River, Dirty River, or River of Cows (because of the number of 

nearby buffalo sighted in the early 1900s) it is the main source of surface water for arid 

eastern New Mexico and west Texas (Hayter, n.d.). The lower Pecos River acts as a 
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boundary for Texas counties along it’s entirety to its’ terminus at the confluence with the 

Rio Grande at the international Amistad Reservoir near Del Rio, Texas.  

 

The lower Pecos River is considered a historically rich and diverse area with American 

Indian settlements over 10,000 years old. Spanish exploration dates back to the 16th 

century. Both the far upper and lower reaches were slow to develop due to rugged 

topography and in the lower reaches, the name “Dirty River” and the truth behind the 

name kept consumption mostly at subsistence and small scales. The canyons of the lower 

reaches were so formidable that travelers in the 19th century considered them a major 

boundary to the remainder of the west (Hayter, n.d.). In fact, the river was such a 

boundary that the term “West of the Pecos” was commonly used to delineate the 

unexplored west. The first European settlement in middle/upper portion of the Pecos 

River was in 1636. This area became the chief western cattle trail leading north (ibid). By 

the mid-1980s there were over 400,000 acres in production with crops like cotton, alfalfa, 

forage, grain sorghums, vegetables, and fruit –especially cantaloupe. 

 

The Pecos River Compact was ratified by the States of New Mexico and Texas in 1948. 

Goals of the compact include the equitable division and apportionment of water; the 

promotion of interstate comity; removal of causes of present and future conflicts; to 

secure and protect intra-state development; and to facilitate construction of projects to 

promote the salvage and more efficient use of water as well as flood protection. 

Allocation of the river’s waters is proportional with a nearly equitable share of 
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unappropriated flood water and salvage water split between the two states. The compact 

is unique from other compacts by one key article which delineates that the State of New 

Mexico shall not “deplete by man’s activities” the stream flow of the Pecos. This differs 

from most compacts in that it does not define flow obligations at the state line. The model 

used to control depletions by New Mexico has been a source of conflicting analysis, 

delivery obligation estimates, and conflicts since the compact was ratified. 

 

Development of the Pecos dates to the late 1800s but was not expansive until the creation 

of the first water improvement districts in the mid-1930s (Hayter, n.d.). The middle reach 

of the Pecos River, near Carlsbad, New Mexico drove the development of both the river 

and compact. The Eddy-Bissel Company, primarily composed of one affluent family, the 

Tracy family, led the charge in “reclaiming” the arid yet arable land in the middle 

reaches.  By 1915, three of the most prominent water structures, McMillan dam, Avalon 

diversion works, and the Carlsbad flume were in place. For their time, these structures 

rival today’s Hoover Dam. The Carlsbad flume, an aqueduct to transfer water to irrigable 

land, was nearly five hundred feet long and fifty feet high. In 1903, National Geographic 

proclaimed it the largest in the world (Hall, 2002). In 1904, McMillan dam, also part of 

the Tracy family irrigation initiative, was considered the largest dam and reservoir in the 

world with a capacity of 138,000 acre-feet (ibid). For comparison, Lake Mead, currently 

one of the world’s largest reservoirs, has a capacity of 32,471,000 acre-feet, more than 

235 times that of McMillan dam (USBR, 2008). The Tracy family was paramount in 

finding investors across the nation including partnering with the newly formed U.S. 
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Reclamation Service, to fund the construction, and after major flood events, the re-

construction of the three water works and the future for irrigation and farming along the 

Pecos River. 

 

In the 1940s, Royce Tipton, a Colorado water engineer, was the first apply the relatively 

new science, surface water hydrology to the Pecos River to analyze and predict the 

river’s behavior and flow (Hall, 2002). The resulting model, called the inflow-outflow 

model was a foundational element to define obligations. However, the model never 

worked as predicted and was problematic from the on-set. The State of New Mexico had 

difficulty meeting compact obligations in most years. For twenty years, the commission 

struggled with the outcome of the inflow-outflow model. The problems with the inflow-

outflow model were exacerbated by increasing groundwater use in the basin. 

Adjudication of groundwater rights began in 1956 in attempt to quantify and obtain 

administrative control of excessive and/or illegal use. 

 

Ten years after the initial review of basic data to determine the fate of the inflow-outflow 

model, the compact commission ordered a new model from the engineer advisory 

committee. The model was presented by New Mexico but refused by the Texas 

representative. No action was made to approve or remedy the model. Compact 

accounting for the following years included two different methods to calculate delivery 

obligations for the current year on top of the back amount owed by New Mexico (also 

calculated in different ways by the respective state).  
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In 1974, Texas filed a Bill of Complaint in Supreme Court seeking a decree to command 

New Mexico to delivery water in accordance with the compact. It alleged that New 

Mexico had breached its obligations under Art. III(a) of the Compact "by countenancing 

and permitting depletions by man's activities within New Mexico to the extent that from 

1950 through 1972 there has occurred a cumulative departure of the quantity of water 

available from the flow of the Pecos River at the Texas-New Mexico State Line in excess 

of 1,200,000 acre-feet from the equivalent available under the 1947 condition . . . ." A 

special master was appointed to the case to determine the amount of water owed to Texas 

for all years that New Mexico failed to meet compact obligations (Refer to Appendix B., 

Article III for more information). The Special Master was to use all available data to 

determine the shortfall owed Texas for each year New Mexico did not meet compact 

obligations.  The following years, the states bickered repeatedly about recommendations 

from the Special Master and in 1988, the states returned to the Supreme Court. The case 

resulted in an amended decree which required New Mexico to back pay Texas $14 

million for past, lost water. More importantly, the case resulted with a federally appointed 

River Master to manage the basin, whose duties are to be called upon if New Mexico 

cannot meet compact obligations. If this happens, New Mexico loses local control of 

water supplies in the Pecos basin. 

 

Other issues beyond compact obligations began to mount in the 80’s. In 1987, an 

environmental group sued regarding the protection of the endangered Pecos Bluntnose 
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Shiner.  The river was strained from over appropriation and groundwater withdrawals; 

this often led to a complete lack of water in the stream. The group successfully secured a 

minimum flow requirement for the fish. Issues regarding the amended decree of 1988 and 

groundwater adjudications continued to surface throughout the 90’s. In 2001, New 

Mexico was in the precarious position of potentially not being able to meet compact 

obligations to Texas. As a follow up to the 1988 Supreme Court case and under the threat 

of priority administration, the New Mexico Interstate Stream Commission created the 

Pecos River Basin Committee and met with other stakeholders (often adversaries) who 

agreed to work together to maintain control over local water management. In 2003, the 

Settlement Agreement was approved by NM State Legislature. The agreement is between 

the State of New Mexico, the United States, the Carlsbad Irrigation District, the Pecos 

Valley Artesian Conservancy District, and the Fort Sumner Irrigation District. 

 
 

Rio Grande 
The Rio Grande is one of the nation’s largest rivers, spanning three states and two 

countries with a total length of 1,885 miles and a drainage area of approximately 185,000 

square miles.  The headwaters of this river begin are at the continental divide in the San 

Juan Mountains in southern Colorado. From its headwaters, the river travels south for 

150 miles in Colorado entering New Mexico where it continues 400 miles through the 

central potion of the state, and finally forms the international border between Mexico and 

Texas for approximately 1,250 miles ending in the Delta of the Gulf of Mexico (Paddock, 

2001). Although the river spans a vast area, it is considered a non-navigable stream.  The 
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river is fed by spring runoff from snowmelt and much of the flow is attributed to the 

various storage reservoirs along its length (USGS, 2006).  

 
The history of the Rio Grande is considerable and lengthy beginning with Indian 

settlement and followed by Spanish and Mexican cultures. Agriculture and cattle 

ranching are the leading industries along the Rio Grande with large scale water 

management efforts dating back to the middle of the 19th century (Paddock, 2001). As 

noted by Metz (2008), “principal crops vary along the river. Colorado and northern New 

Mexico grow potatoes and alfalfa. Southern New Mexico and West Texas specialize in 

cotton, peppers, onions, and pecans…the lower Rio Grande valley raises citrus fruits, 

vegetables, and cotton.”  

 
The Rio Grande compact (CO, NM, TX) was ratified in 1938. Compact design, based on 

approximately 50 years of streamflow data, includes a combined allocation mechanism 

with both fixed and proportional elements. The Rio Grande compact is one of the only 

interstate compacts to allocate stream flow based on geography rather than political 

boundaries (Paddock, 2001)(See Appendix A). The basin is divided into the San Luis 

section in Colorado, middle Rio Grande in New Mexico, and the Elephant Butte-Fort 

Quitman area of lower New Mexico, Texas, and Mexico (Hill, 2002).  

 

Development of the Rio Grande basin dates back centuries and is considered by some to 

contain some of the oldest settled and irrigated areas in the United States. The history of 

conflict consists of a multitude of actors and demands. The Report of the Rio Grande 
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Investigation from 1937 summarizes the main issues leading to the creation of the 

compact:  

 
In the early 1890s water shortages began to occur along the Rio Grande in Mesilla and 
El Paso Valleys and people near Juarez, across the river from El Paso, complained to 
the Mexican Government. The latter filed a claim for damages against the United 
States, alleging that the water shortages were due to increasing diversions from the 
river in Colorado and New Mexico. The United States Department of State then 
instituted an investigation of the situation through the International Boundary 
Commission, and the outcome was the “embargo” of 1896 and the Mexican Treaty of 
1906. The “embargo” was an order by the Secretary of the Interior of the United States 
which prevented further irrigation development of any magnitude in the Rio Grande 
Basin in Colorado and New Mexico through suspension of all applications for rights-
of-way across public lands in those States for use of Rio Grande water. With some 
modification in 1907, this embargo remained in effect until May 1925, when it was 
lifted. Under the terms of the Mexican Treaty, the United States guaranteed Mexico, in 
return for relinquishment of all claims for damages, an annual delivery in perpetuity in 
the Rio Grande at the head of the Mexican canal near El Paso, of 60,000 acre-feet of 
water… 

 
The embargo was opposed in Colorado, since even in 1896 the irrigated lands in San 
Luis Valley used all of the available natural flow of Rio Grande and its tributaries in 
that valley. Storage appeared necessary not only for further development but even to 
maintain existing developments. But storage of any magnitude was impossible under 
the embargo. The effort of Colorado to secure permission to build reservoirs thus began 
early, and has continued to date (1937). 

 
About 1918, active interest developed in reclamation in the Middle Valley (New 
Mexico). Much land there had become badly seeped and it was affirmed that over a 
period of years there had occurred a serious decline and failure of the irrigated acreage. 
This was attributed not only to a decrease in flow of the river and to a shortage of water 
for irrigation (both due to upstream diversions) but also to resultant deposition of silt, 
aggravation of the river bed, and elevation of the water take under the valley floor. It 
was affirmed that the decrease in river flow was due to depletions in the San Luis 
Valley (Colorado) (Hill 165,166). 

 
In the 1920s Congress created the Rio Grande commission consisting of representatives 

from the federal government, Colorado, New Mexico, and Texas to clearly assign the 

waters of the Rio Grande (Durant et al., 1985). The main purposes were to address and 

resolve conflict between states regarding the waters above Fort Quitman, Texas and to 
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equitably divide those waters, as well as to promote interstate comity (Colorado DWR, 

2000).  

 

The compact succeeded in succinctly defining the share of waters to each state; conflict 

however, persists.  Delivery obligations have been difficult to meet for both New Mexico 

and Colorado and have resulted in several Supreme Court cases through the years. By 

1951, New Mexico had accrued a debt of 330,000 acre ft. This was partly due to recent 

floods that deteriorated the stream channel but the state was also having difficulty 

maintaining existing uses and meeting delivery obligations, hence debt accrued. Texas 

filed suit against their violation but the case was dismissed because it failed to include US 

as indispensable party. Another case was filed in 1966 regarding delivery obligations; 

however, this time New Mexico and Texas joined forces to sue Colorado to enforce 

compact obligations. 

 

Colorado has faced a small number of conflicts centered on the San Luis basin. The San 

Luis basin is a closed basin which is included in the administration of the Rio Grande 

compact. Consumptive use in the basin is primarily through groundwater which is 

relatively sparse and at times unusable due to natural bacterial overload.  The 

combination of the valleys’ remote location coupled with the small amount of available 

water has resulted in conflicts for the last thirty years. Delivery obligations and 

legitimacy of interstate water transfers continue dominate the topic of all conflicts.  
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There are several other conflicts beyond those of meeting delivery obligations. 

Traditionally, gauging stations to monitor delivery obligations to a downstream state are 

state lines. This isn’t the case for Texas and New Mexico where the gauging station is 

located at Elephant Butte reservoir approximately 125 miles north of the TX/NM border. 

In the semi-arid southwest water lost by conveyance can be considerable and as a result 

adds to the tensions for management of this scare resource.  

 

The southwestern willow flycatcher and silvery minnow are two endangered species in 

New Mexico that were in danger of being listed in the late 90s due to persistent drought 

in the basin. While the case, Forest Guardians v. New Mexico (1996-2003) did not rule in 

favor of the two species, environmental groups continue to work towards improved 

habitat and increased protection. In 2000, an endangered species workgroup was created 

to investigate and determine the status of recovery for both species in the Middle Rio 

Grande.  Known as the Middle Rio Grande Endangered Species Act Collaborative 

Program, the program is focused not just on the protection and recovery of the two 

species but also coordinated water management efforts. The program is an effort address 

conflicts over protecting endangered species while avoiding litigation. 

  

In 2004, an Indian settlement, the Aamodt settlement, regarding pueblo rights in New 

Mexico was finalized after sixty years in the court system. Conflict began when Indian 

water users brought a class action suit against the state of New Mexico. They initially 

won some groundwater rights but current users fought relinquishing any rights and Indian 
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Pueblos were not using all the water they held rights to at the time. Applauded as a 

compromise between appropriative and pueblo rights, there are still several pueblo rights 

in the basin left undefined. A lack of consensus regarding the details of settlement 

implementation means that the settlement has yet to be implemented.  Finally, as in many 

streams in the United States water quality issues due to non-point source pollution 

continue to be a problem.  
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GENERAL CHARACTERIZATION OF CONFLICTS 
 

Introduction 
Common pool resources are defined by Ostrom (1990) as “natural or man made resource 

systems which are sufficiently large enough to be costly and difficult to exclude potential 

beneficiaries from obtaining the benefits of use.” Examples include forests, lakes, 

fisheries, groundwater basins and irrigation systems (Schlager, 2002). The primary issue 

with common pool resource management involves moving management from 

independent action to collective process (Ostrom, 1990). In other words for effective 

common pool resource management it is important to remove the incentive of free riders 

or other exploitive individualistic opportunities (ibid). Managing “the commons” 

involves defining the characteristics of the resource, rules governing access, use, 

compliance, and enforcement (Ostrom et al., 2002).  Institutions, like an interstate river 

compact, are a set of agreed upon rules to govern the resource system and utilization by 

its’ users (or rights holders).  

 

The design of an institution is paramount for successful and enduring collaborative 

management. As part of her theory the governance of common pool resources, Ostrom 

(1990) has created design principles for enduring common pool resource management. 

They include defining user rights and boundaries of the resource, rules regarding access, 

use and operations, as well as designs for rule modification and enforcement of user 

rights and institution rules (ibid).  In a later work, she clarified that the outcomes of an 

institution may be more dependent its design than the types of user rights defined 
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(Ostrom et al., 2002). Creating and maintaining a successful institution, takes incredible 

time, effort, and money, and produces conflict along the way (Ostrom, 1990).  

 

Conflicts can emerge for a variety of reasons beyond the resource or its’ appropriation 

such as distributional or timing issues (e.g. patchiness of streamflows) (Schlager, 2002). 

Ostrom asserts “although appropriation and technological externalities and assignment 

problems emerge from conflicts over the level, methods, and location of appropriation, 

other problems emerge over building, protecting, maintaining, and enhancing the 

productivity of a common pool resource (qtd. in Schlager, 2002).” Human behavior and 

more specifically collaboration by the majority of users (i.e. appropriators) are essential 

to solve the problems associated with common pool resources (ibid).  

 

This research is part of a larger National Science Foundation grant project between the 

University of Arizona and Columbia University. Guided by Ostrom’s work, the grant 

evaluates how the linkages between governments and organizations relate to resource 

management conflicts and their resolution (Schlager & Heikkila, 2005). This thesis 

utilizes the conflict coding form from the grant to evaluate conflict in interstate settings 

using a variety of techniques. 

 

Methods 
Prior to collecting conflict data, I gathered baseline information for each basin through 

on-line sources. I identified relevant watersheds and counties included in each of the 

three basins by gathering available data from the Surf Your Watershed tool from the U.S. 
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Environmental Protection Agency (EPA). This tool allows the user to gather a variety of 

data for any U.S. river including the hydrologic unit codes (HUC) and counties that are 

specific to each watershed.  This information was cross-checked with the USGS on-line 

Science in Your Watershed interactive webpage (USGS, 2008B). This baseline data is 

referred to as the general basin information hereafter. 

 

Data collection for conflicts involved the use of an established coding form to 

systematically gather information for all conflicts, in each basin, since compact inception. 

Data was also collected for conflicts that led to the creation of the interstate compact 

stretching the overall time period of research to cover the years from 1850 to 2005. 2005 

was chosen as a cut off point for data collection to maintain a consistent stopping point 

for all data collection and analysis. Data collection included coding conflicts as discrete 

events. Because conflicts tend to change over time and may not have distinct ending 

points it was difficult to separate some conflicts from one another.  Conflicts were 

separated from one another when the actors involved in the conflict changed, or a rule 

affecting the conflict changed, or if the issue itself changed. 

 

Data was collected using secondary sources. The Rio Grande and Pecos River basins 

have annual compact commission meetings and initial conflict identification was 

completed by a review of all meeting minutes. For the Costilla basin, conflict 

identification relied upon a review of newspaper databases for time period surrounding 

the compact. Identification of new conflicts was on-going as data collection for specific 



56 

 
 

conflicts progressed. Legal database searches provided extensive data from both law 

reviews articles and court case documents. Newspaper database searches were completed 

through the local the University as well as through State Historical Societies, University 

systems, and municipal sources in appropriate states. Online water news databases, 

books, and journal articles also provided additional conflict data.  

 

The conflict coding form consists of four major sections including (a) type and source of 

conflict, (b) parties to the conflict, (c) conflict boundaries, and (d) resolution of conflict. 

Section A includes which river basin the conflict was associated with, a brief summary of 

the conflict, conflict start and end dates, if the conflict involved a violation of compact 

rules, relation to other conflicts (if applicable), type and underlying problems to the 

conflict as well as a list of documents relevant to each conflict.  

 

Interstate compacts provide rules that define who, where, and what water resources can 

be used. These rules limit the spatial boundaries of resource use as well as the 

characteristics of the resource (e.g. surface and/or groundwater). They also define 

methodology to carry out the allocation, or use, of resources between statelines. Conflicts 

were broken into two main categories, boundary and use. Boundaries, as in most settings, 

are likely to be tested even if well defined. Furthermore, rules regarding boundaries 

and/or use are additionally subject to conflict through the myriad of managers and users 

with differing perspectives and histories.  
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Five types of boundary conflicts were identified in the coding form including: is the 

conflict about who is authorized to use water? Or is it about where water can be 

appropriated or put to use? Is it regarding what type of water is included within the 

compact? Or is it about the quality of water? Or is the conflict about habitat/species 

protection? Three type of use conflicts were identified in the form including: is the 

conflict about how much water a particular user can/should appropriate? Or is it about 

how to distribute water amongst multiple users (how much, when)? Or is about actions 

that affect water quality or habitat/species? Conflicts can contain one or more of these 

types in any one conflict event. 

 

One or several issues may result in the culmination of a conflict. A section for 

categorizing underlying problems gathered information on the reasons that served as the 

foundation for the conflict.  There are seven primary categories of underlying problems.  

 
1. Appropriation (demand exceeding available flows) 
2. Competing demands for river flows 

a) Competing groundwater and surface water uses 
b) Competing appropriation uses with species/habitat needs 
c) Competing municipal and agricultural uses 

3. Patchiness of flows (timing of flows mismatched to demand) 
4. Impaired quality of flows 
5. Provision of public goods – enhancing, restoring, maintaining the basin 
6. Conflicting cross-scale rules  

a) Federal law affects the exercise of a state water right 
b) State water law conflicts with compact rules 

7. Competing interpretations of scientific information, modeling, or planning 
assumptions.   

a) Conflict over modeling assumptions 
i. water demand projections 

ii. water supply projections 
iii. operations criteria 
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iv. water quality impacts 
v. Other, describe___________ 

b) Conflict over scientific uncertainty regarding hydrologic processes 
i. runoff/precipitation 

ii. water quality impacts (i.e. pollution diffusion) 
c) other ____________ 

 
Section B, parties to the conflict includes information on the types of parties involved in 

the conflict including states, irrigators, federal government agencies, municipal water 

users, conservation/environmental groups, power generation, tribes, or other users. For 

each party, details regarding their claims, demands, and expectations of the conflict were 

gathered. Section C, focused on the specific location of the conflict and associated 

variables. Location information for the conflict was gathered at both the county and 

watershed scale. This section also included location information for any involved federal 

water projects, groundwater basins, species of concern, or water quality issues.  For each 

party to the conflict, specific details regarding their location with respect to the conflict 

were also gathered.  

 

Section D, resolution of conflict includes all details regarding the venues used to address 

and approve conflict settlement. Conflicts may be addressed in one or a variety of forums 

including courts, mediation, information negotiation between states, at compact 

commission meetings, through intervention by a federal agency, or state legislatures. 

These venues can also be used to approve settlement agreements. This section also 

included several questions to gather information relating to the outcome of the conflict. 

Conflict outcomes include changes to management strategies or rules as well as changes 

to state laws or the compact itself.  
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Results 
Conflicts all occur in unique intervals through time with only two conflicts (in the Rio 

Grande basin) occurring in the same year and prior to the creation of the compact. The 

earliest conflict began in the Rio Grande basin in 1864 and the latest conflict across all 

basins began in 2004. The median conflict start date for the Rio Grande was 1988, for the 

Pecos River was 1972, and for Costilla Creek, 1952. Because of the low total number of 

conflicts in each basin and across the three basins, it is important to be careful about 

making inference on a larger scale. The following descriptive statistics present trends in 

the data relevant for these three basins only. 

 
Table 2.  Summary of conflicts in each basin.  
 

CONFLICT SUMMARY 
Rio 

Grande 
Pecos 
River  

Costilla 
Creek  

ALL 
BASINS 

Number of conflicts identified 23 13 5 41 
Mean years for each conflict  12.8 12.1 5.8 12.7 
Mean years for each conflict  
(post-compact only)* 7.95 12.1 5.8 11.5 
Number of resolved conflicts 22 12 5 39 
Number of conflicts with ongoing issues  1 1 0 2 

* Several conflicts occurred in the Rio Grande basin prior to the creation of the compact. These conflicts 
were important to state law and the later created compact and so were included in the general 
characterization of conflict events. 
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Table 3. Summary of conflict types in each basin. More than one conflict type 
(boundary, use) can occur in any once conflict event. Total number of 
conflicts N=41(Rio Grande basin n=23, Pecos River basin n=13, Costilla 
Creek basin n=5). 

 

Conflicts with the following issues: 
Rio 

Grande 
Pecos 
River  

Costilla 
Creek 

ALL 
BASINS 

Boundary Conflicts     
Who is authorized to use water 7 4 2 13 
Where water can be appropriated                 
or be put to use 7 2 2 11 
Type of water included in the compact 0 0 0 0 
Quality of water 1 1 0 2 
Habitat/species protection 3 1 0 4 

Total boundary issues 18 8 4 30 
Use Conflicts     
How much water a particular user 
can/should appropriate 6 5 1 11 
How to distribute water amongst multiple 
users  9 6 0 15 
Actions that affect water quality or habitat 7 2 0 9 

Total use issues 22 13 1 35 
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Figure 3.  Summary of conflict types across all basins. 
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The Rio Grande and Pecos River basins experience almost all categories of conflict. 

Distribution issues are the primary type of conflict for both the Rio Grande and Pecos 

River basins. The primary use of the water from Costilla Creek is for irrigation and 

accordingly conflicts in this basin are more commonly about who is authorized to use the 

water and it can be used. Although all three interstate compacts are over fifty years old, 

most conflicts continue to be about the primary issues of water management. The 

increasing importance of protecting water quality and endangered species are not 

reflected in the conflict totals. 

 

 

Table 4. This table is a summary of the problems underlying conflicts in each 
basin. More than one underlying problem can occur in any one conflict 
event. Total number of conflicts N=41(Rio Grande basin n=23, Pecos 
River basin n=13, Costilla Creek basin n=5). 

 

Problems underlying the conflict: 
Rio 

Grande 
Pecos 
River  

Costilla 
Creek 

ALL 
BASINS 

Demand exceeding available flow 8 8 3 19 
Competing types of uses 11 7 2 20 
Timing of flows mismatched to demand 0 0 0 0 
Impaired quality of flows 1 1 1 3 
Enhancing, restoring, maintaining the basin 7 1 2 10 
Conflicting cross-scale rules 6 0 0 6 
Competing interpretations of scientific 
information 5 1 0 6 

 Total underlying problems 38 18 8 64 
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Figure 4. A graphical summary of the problems underlying conflicts in each basin.  
 
 

There are two primary problems underlying conflicts in the Rio Grande and Pecos River 

basins. The first is demand exceeding available flow which is not surprising given the 

long term drought across the entire Southwest. Competing uses are the second most 

common underlying problem; competition is mostly between agricultural and municipal 

demands. It is interesting to note that the smallest basin, Costilla Creek, has no issues 

with conflicting rules or science which follows the logic that in a smaller basin, 

communication is clearer. Costilla Creek is a very low flow ephemeral stream; because of 

the small quantity of flow, underlying problems to conflicts are focused on quantity 

issues (demand exceeding flow) or competing uses. In this basin, primary water rights are 

held for irrigation uses for both Colorado and New Mexico. Irrigation use was the 
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primary reason the Costilla compact was created and competing demands to this long 

standing use are underlying issues to almost one quarter of all conflicts in this basin. 

Finally, the low flow nature of Costilla Creek requires a good deal of vigilance to 

maintain, enhance, and protect the basin from degradation. As seen in Figure 4, 

maintaining the basin and water quality issues are underlying currents for the conflicts 

found in this basin. 
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Table  5. Summary of forums where conflicts were exhibited. Note: Multiple 
forums can be used to address one conflict. Total number of conflicts 
N=41(Rio Grande basin n=23, Pecos River basin n=13, Costilla Creek 
basin n=5). 

 

Forums where conflict was exhibited 
Rio 

Grande 
Pecos 
River 

Costilla 
Creek 

ALL 
BASINS 

Compact commission 8 2 5 15 
Courts 18 13 3 34 
State water agencies 4 7 2 13 
Legislative or policy debate 9 2 0 11 
Open public debate (via media) 12 8 3 23 

Other  6 0 0 6 
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Figure 5. Graphical summary of conflict resolution forums used to address conflict.  
 
 
 
 
For all basins, a variety of forums were used to address conflicts. Courts are the most 

common forum. Conflicts in the Costilla Creek basin are most commonly addressed by 



65 

 
 

the compact commission, which meets annually and throughout the irrigation season as 

needed. Other avenues used to address conflict, for the Rio Grande basin, include federal 

lobbying and presidential correspondence.  

 
Table 6. A summary of the total number of conflicts in each basin that also contain 

issues regarding federal project water, groundwater, endangered species, 
and/or water quality. Total number of conflicts N=41(Rio Grande basin 
n=23, Pecos River basin n=13, Costilla Creek basin n=5). 

 

Conflict and other select variables 
Rio 

Grande 
Pecos 
River  

Costilla 
Creek 

ALL 
BASINS 

Involves federal project water 11 6 0 17 
Involves groundwater 7 9 0 16 
Involves endangered species 5 2 0 7 
Involves water quality 2 1 1 4 
 
 
Almost three quarters of all conflicts in the Rio Grande basin and almost half in the Pecos 

River basin involve federal water projects. The Rio Grande has multiple water projects 

managed by different federal agencies. Various dams and reservoirs are managed for 

differing purposes such as hydroelectric power, flood control, or storage. The large 

number of conflicts involving federal projects underlines the complexity and difficulty of 

coordinating projects between local, state, and federal agencies. 
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Table 7. Summary of conflict resolution venues used to approve settlement 
agreements for each conflict. Total number of conflicts N=41(Rio Grande 
basin n=23, Pecos River basin n=13, Costilla Creek basin n=5). 

 

Conflict Resolution Venues 
Rio 

Grande 
Pecos 
River  

Costilla 
Creek 

ALL 
BASINS 

Courts  
(# of cases - may include multiple courts) 15 13 2 30 

US Supreme Court cases 1 1 1 3 
Federal Courts (District/Appeals) 3 1 1 5 

State Court 11 11 1 23 
Court Ordered Arbitration 2 0 0 2 

Mediation 2 2 0 4 
Negotiations between states 2 1 0 3 
Compact Commission 3 1 4 8 
Intervention by federal agency 6 0 0 6 
Legislatures 7 3 1 11 
Other 0 1 5 6 

 
 
Table 8.  Conflict resolution outcomes for all resolved conflicts in each basin. There 

can be multiple outcomes for any one conflict. Total number of conflicts 
N=41(Rio Grande basin n=23, Pecos River basin n=13, Costilla Creek 
basin n=5). 

 

Conflict Resolution Outcomes 
Rio 

Grande 
Pecos 
River 

Costilla 
Creek 

ALL 
BASINS 

Changes to the compact 1 1 2 5 
Changes to state laws 2 3 1 6 
Changes to other water allocation rules 9 6 2 17 
Changes to water management strategies 10 9 0 19 

 Total outcomes 22 19 5 46 
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Figure 6.  Graphical summary of conflict outcomes. 
 
 
In all basins, changes to water allocation rules and management strategies are the most 

common outcome for conflicts. Changes to water management strategies do not require 

formal changes. Water allocation rule changes are completed below the state level and 

may include changes to project contracts. Because these two strategies are on a regional 

or smaller scale, they may be easier to agree upon and implement. Changes to state law 

and to the compact are relatively rare. Two of the five conflicts in the Costilla basin led to 

changes in the compact. Because the overall number of conflicts is so low, it appears that 

changing the compact occurs more often. 
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Discussion 
As expected most types of conflicts occur in each basin. However, the focus of the 

conflict is context specific. In the Rio Grande, fewer conflicts were strictly about 

boundaries or use but rather a combination of the two issues. This may be in part due to 

the fact that three states are involved in the management and distribution of the resource.  

In the Pecos River basin, conflicts centered on use issues and did not frequently combine 

both types of issues. In this basin, a core argument around the method used to account for 

delivery obligations between the two states was at the forefront of many conflicts.  

 

Another commonality between basins was competing demands as the largest underlying 

problem to a conflict. If the conflict went to court, state courts were the most common 

venue used to settle conflicts.  And changes to water management strategies, without any 

formal rule changes, were the most common outcome to a conflict across all basins.   
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GEOGRAPHIC INFORMATION SYSTEMS AND CONFLICTS THROUGH TIME 
 

Introduction 
A geographic information system (GIS) is a powerful tool that can be used for 

visualization and/or analysis purposes. Spatial analysis aims to examine the underlying 

patterns found in a defined area. Physical and social phenomenon can be characterized 

through spatial pattern. GIS is used to examine spatial variation for physical patterns such 

as vegetation or soil type and is becoming more widely used for social phenomena such 

as international or domestic conflicts. As previously discussed, GIS is, to date, not 

commonly used to map water related conflict.  

 

In the book, Geographic Information Analysis, by O’Sullivan and Unwin (2003) 

document the fact that maps can be considered as outcomes of processes which can 

provide clues to underlying causal processes. The objective of this application is to 

determine if there are implications for management through an evaluation of conflict 

events, underlying problems to the conflict, and resolution methods using GIS. Several 

research questions were developed including what is the geography through time? Do 

conflicts “drain” in a specific way in the basin through time? Or are they centered at state 

boundaries, remaining static in location through time? Do conflicts occur more frequently 

in downstream regions of the basin?  

 

GIS literature offers a basic null hypothesis of complete spatial randomness. This 

hypothesis assumes equal probability that an event can occur anywhere within the 
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analysis window and that events are independent. In this case, independent refers to the 

fact that they are not influenced by the environment or by adjacent events (ibid 64). 

Water management and hence its’ related conflict is driven by the political, 

environmental, and social constraints of the basin. Due to these constraints it is self-

evident that conflicts, on their own, are not spatially random. However, when evaluated 

through time, does complete spatial randomness apply? In addition to evaluating the 

possible patterns of conflict through time, the hypothesis of complete spatial randomness 

was applied to other aspects of conflicts including whether different types of underlying 

problems to the conflict associate with specific parts of the basin? And do specific 

conflict resolution venues get used in certain locations more than others?  

 

Prior to creating a GIS to address the above research questions, it was necessary to 

determine an appropriate scale to evaluate conflicts within the basins. Conflicts vary in 

space and delineating one scale to capture all conflicts presents a modifiable unit area 

problem. In the field of geographic information systems, a modifiable unit area problem 

is a subjectively chosen level of scale that aggregates data for more consistent graphical 

representation. Results are therefore dependent on the arbitrary scale chosen and could 

differ depending on the manner of aggregation. Census tracks are a common example of 

this problem (ibid 30).  

 

Several scales were considered for this research including stream reach, watershed, and 

county. Using stream reaches was ruled out as it does not incorporate conflicts that are 
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not directly located on or adjacent to a particular stream reach. Furthermore, it would be 

exceedingly difficult to gather data in consistent fashion for all locations and time 

periods. Recently, watersheds have become a more common unit for management and 

restoration purposes. Using watersheds to evaluate conflict may be an appropriate scale 

and although originally intended for inclusion in this research, was not used. Counties 

were used as the scale of choice for several reasons. They are a very common unit for 

planning and management. Counties are well understood and have easily recognizable 

boundaries in a graphical representation. Finally, data collection was consistent and 

reproducible at this level of scale.   

 

Research Study Area 
The study area includes the Rio Grande and Pecos River basins as bound by their 

respective interstate compacts. For the Rio Grande basin this includes the river starting at 

its’ headwaters in Colorado south to Fort Quitman, Texas. In the Pecos Basin, this 

includes the river beginning at its’ headwaters to the confluence with the Rio Grande near 

the Amistad reservoir in Texas. Since the Costilla Creek basin consists of one only 

watershed and few counties, it was not included in this evaluation. 
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Figure 7.  Map showing research study area for GIS analysis. 
 
 

Methods 
Database management is a critical component for all GIS applications. It is a time 

consuming and labor intensive process to ensure all underlying database files can and 

will work together. The majority of time spent for this application was preparing conflict 

data for import and use in ArcMap9.2, a spatial software application by ESRI. 

Underlying conflict data was not originally intended for input into a GIS hence 

considerable thought, trials, and errors were part of putting together this evaluation. The 
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data, provided in excel format, required significant cleaning, formatting and re-

distribution into smaller tables for import.  

 

Conflicts all maintain unique time intervals and evaluating them through time required 

some standardization. Because I later evaluated conflict and population data, I used U.S. 

census years, a ten-year interval, to standardize conflicts. Prior to importing conflict data 

into ArcMap, I assigned a corresponding census year to each conflict based on the start 

year of that conflict event. Conflicts beginning in the first four years of a decade were 

assigned to the previous census year and conflicts beginning in the latter four years of a 

decade were assigned to the following census year. Conflicts that began in the middle 

year of a decade were evaluated further to determine the start month. Dividing the year in 

half, the conflict was then assigned the appropriate census year based on the start month. 

The tables were saved as database files (.dbf) for each basin and imported into ArcMap. 

 

Baseline spatial data files for import into the GIS included shapefiles for states, counties, 

watersheds, and streams. These files originally created by the U.S. Geological Survey 

(USGS), were downloaded from the U.S. National Atlas website and input into ArcMap 

(National Atlas, 2007). The general basin information previously gathered served as the 

foundation to select the appropriate data for both basins. All files from the National Atlas 

website are for the coterminous United States and subsequently were scaled down to 

include only relevant information for the two basins. I completed this step with the 
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“select by attribute” option from the respective attribute table and exported data to create 

new shapefiles for the appropriate states, counties, and watersheds in each basin.  

 

Several steps were required to capture only the streams relevant to each basin. After 

creating a shapefile of all relevant watersheds, I used the “dissolve” tool in the 

ArcToolbox to aggregate smaller watersheds into one large basin; this information was 

saved as a new shapefile. Using the “select by location” option in the attribute table for 

streams, I queried all streams that intersected with the aggregate watershed file. This 

selection was exported as a new shapefile consisting of all streams within that particular 

basin. This file serves as a backdrop for all visualizations. 

 

For exploratory spatial data analysis, I delineated each basin into upper, middle, and 

lower regions using USGS stream gaging stations listed in the interstate compact.  Based 

on this delineation, the conflict master files were updated to include the basin location for 

each conflict (this same delineation is used in later analyses).USGS site information 

includes latitude and longitude for each gaging station. I converted this information into 

decimal degrees using an on-line conversion calculator for North America (Taylor, 

2003). The information was saved into a text file and imported into ArcMap as point 

data. The basin divisions, upper, middle, and lower are referred to throughout and are 

provided for reference purposes.   
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(a)        (b) 
Figure 8. Basin delineation for the (a) Rio Grande and (b) Pecos River basins. 
 
 
Geographic information and ArcMap shapefiles are often created and saved into a variety 

of geographic projections. Once all baseline data was imported, shapefiles were 

converted, as needed into North American Datum 1983 using the “project” tool from the 

ArcMap toolbox for consistency. 

 

There are several possible ways to join conflicts to their corresponding county shapefiles 

and how this is completed is primarily a function of how the tables and database have 

been set up. How input tables are originally designed (or managed thereafter) determines 

the cardinality of the input data. Cardinality as defined by ESRI is “the correspondence or 

equivalency between sets; how sets relate to each other. For example, if one row in a 

table is related to three rows in another table, the cardinality is one to many (ESRI, 2005, 
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¶9).” There are several types of relationships possible including one-to-one, one-to-many, 

and many-to-one. 

 

 In many cases, standalone data can be joined to an existing shapefile to concatenate 

spatial with other data. This works with several types of cardinality relationships except 

for many-to-one relationships. This presented a large obstacle when initially linking 

conflicts to their corresponding spatial unit. Conflicts occur in one or multiple counties at 

the same time. In addition, conflicts may occur in the same county repeatedly through 

time. This results in a many-to-one relationship for the underlying database files; 

therefore, a “join” of data could not be completed.  

 

One method to address this obstacle was to link conflicts to counties based on specific 

queries. Using ArcMap default options, I related the conflict and county tables together. I 

then completed queries based on the above research questions; the data was exported as 

new shapefiles. Given the time previously spent on database management, this option 

was considered the most efficient way to move forward with the research. It is, however, 

possible to address this obstacle using programming language and specific code.  

 
Several products were created for this evaluation including: 

- Time series maps of conflicts, based on ten year intervals, for each basin 

- An generalized map of conflicts density, for each basin 

- Movie files depicting conflict through time in each basin 

- Maps depicting the location of underlying problems to the conflict for each basin 
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- Maps depicting the location of conflict resolution methods used in each basin 

 

Movie files were created using a free software application, Windows movie maker. With 

this application, map images, saved as .jpeg files, were inserted and edited into a brief 

movie. The resulting windows media file could then be easily used for research and/or 

decision support purposes. Because of the extensive number of maps completed and for 

clarity of discussion only maps showing conflict through time shown in this section (at 

the end); all other maps are included in the appendices.  

 

Results  
Conflicts in the Rio Grande basin do not exhibit complete spatial randomness when 

evaluated in aggregate through time. The pattern clearly moves upstream in a northern 

manner from 1860 (the first conflict in the basin) to 1980. It is a fresh perspective for 

evaluating conflict which indicates that the lower basin may be a key area for 

consideration to keep conflict at bay. In the last two time series in the Rio Grande, 

conflict increases dramatically in both number and scale. This is due in large part to 

endangered species and adjudication issues in the middle and lower basin. These issues 

are tied to competing demands between the environment and human consumption as well 

as the patterns of water use during the last twenty years. These issues are addressed in 

depth in a later section. The unique circumstances and myriad of issues unique to New 

Mexico as the state caught in the middle is reflected in the GIS visualizations of the 

underlying problems to conflicts. Appropriation, competing demands, provision of public 
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goods, water quality, conflicting cross scale rules, and competing interpretations of 

scientific information are all prominent issues in this stretch of the basin.  

 

In both basins, courts are the most commonly used method for approving settlement 

agreements. The original thought was that courts would be exhibited in higher numbers 

as the preferred venue at or near state lines. This however, was not the case; courts were 

used in nearly all locations. In the Rio Grande basin, arbitration, the last method of 

alternative dispute resolution before litigation, was used only once at the New 

Mexico/Texas state line. The Rio Grande compact commission and state water agencies 

were used only in the middle regions of the basin. In the Pecos basin, this question is not 

applicable since courts were the only method used to approve settlement agreements. No 

apparent patterns of conflict resolution methods were revealed through application of a 

GIS. Visualizations depicting the locations of conflict resolution methods used in each 

basin can be found on p. 233 for the Rio Grande basin and p. 257 for the Pecos River 

basin. 

 

Overall, the middle region of the Rio Grande basin experienced the largest number of 

conflicts (with Socorro County, New Mexico the highest at thirteen conflicts). The 

middle region has the distinction as both and upstream and downstream state; 

consequently pressure is received from both sides for the myriad of uses, requirements, 

and future goals. As the middle state in the three state compact, New Mexico depends 

solely on the runoff and snowmelt from Colorado to meet obligations to both in-state 
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water users and to the downstream state of Texas. In the early years of the compact, 

Colorado had incredible difficulty meeting compact obligations due to excessive use and 

extended drought (RGCC, 1957). As of 1966, water delivery obligations had been met 

only one of the previous twelve years. The inability to meet delivery obligations meant 

Colorado was quickly accruing large debts of water owed to New Mexico and Texas. 

Even with a shortfall from Colorado, New Mexico was still required to fulfill its’ 

compact water obligations to downstream Texas.  The Rio Grande compact commission, 

comprised of representatives of each state and beyond, discussed the problem annually. 

Resolutions were passed to review the system of debits and credits for each state, to 

potentially amend the compact to alleviate Colorado’s burden, and to complete feasibility 

studies for a Colorado water project (the San Luis basin project) (RGCC, 1955-1966). 

The problem was addressed when Texas and New Mexico jointly sued Colorado in 

Supreme Court. 

 

This is not the only issue that befalls New Mexico as the state caught in the middle. 

Coordination between water resource agencies and their associated water projects has 

been problematic for New Mexico. New Mexico has the largest stretch of the Rio Grande 

(included in the compact) within its state boundaries; therefore, the majority of water 

projects serving the water users in the Rio Grande basin are located within New Mexico. 

In the Southwest, one of the primary water resource management concerns is how to 

capture winter runoff so that it can be utilized during the dry, warmer months. However, 

saving for summer can result in an equally difficult problem. If reservoirs are near 
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capacity, problems can emerge with how to deal with the impending spring runoff that 

cannot be accommodated in the full reservoirs. Both result in complex coordination.  

 

Water storage projects for public water supply are the responsibility of the U.S. Bureau of 

Reclamation. The U.S. Army Corps of Engineers (ACOE) also maintains water projects 

(dams, reservoirs, etc.) for flood control and sediment purposes. The two agencies have 

differing directives for the management of the reservoirs associated with their water 

projects. How water is used with these projects is completed through contracts with the 

managing agency. The contracts are not part of the interstate compact but are legally 

valid, adjacent considerations in the overall management of the basin.   

 

As a downstream state to New Mexico, Texas has claimed that ACOE reservoirs do not 

take into account potential uses by downstream water users (RGCC, 1970). Keeping a 

close watch on the coordinated movement and storage of water, they also challenged 

water that had been illegally “stored” for later use (RGCC, 1980).  These issues were 

addressed and resolved through the compact commission. Dealing with the excess of 

water can be equally challenging. Flood releases, accidental spills, or other releases of 

water for safety require considerable discussion and buy-in from involved parties. 

Examples include praise from Texas for the coordination of the 1987 winter streamflow; 

coordinated action allowed for over 1,800,000 acre feet of water to move through the 

middle and lower Rio Grande without loss of life (RGCC, 1987). On the other hand, it 

also includes the controversial “spill” in 1988 from Elephant Butte reservoir (in New 
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Mexico); the “spill” was challenged by Colorado as a waste. In almost half of all compact 

commission meeting minutes, issues relating to coordinated water management between 

the agencies for New Mexico water projects are addressed, discussed, and (mostly) 

resolved. This small and simplified explanation of the complicated nature of water 

management provides a better understanding of why there are so many conflicts in both 

number and type found in the middle basin. 

 

An additional contributing reason why conflict is exhibited more in the middle and lower 

reaches of the Rio Grande basin is due to the fact that the state line delivery point, the 

location for measurement of obligated deliveries from New Mexico to Texas, is actually 

over 100 miles north of the state line just above Elephant Butte reservoir in New Mexico. 

Littlefield, in his extensive research of the Rio Grande compact, asserts that there is a 

lack of knowledge about the reasoning behind this location and its’ contribution to the 

development of water management in the area (1999). This lack of understanding is an 

additional ambiguity which strains the already complex and intricate water management 

of the region.  

 

The determination of this location for Texas deliveries dates to the turn of the century 

when water storage projects were still constructed and maintained by private funds. 

Water storage, at this time, was already a problem for Rio Grande users in southern New 

Mexico and West Texas. Farmers were more at risk to seasonal fluctuations in 

streamflow due to the lack of large storage facilities to capture spring runoff. Around 
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1900, two separate proposals for water storage projects were gathering support. In west 

Texas, an international reservoir was proposed. This reservoir would capture runoff and 

serve communities in El Paso, Texas and Juarez, Mexico (Littlefield, 1999). North of this 

location, a prominent investor, well established in the area, put forth a proposal to 

construct a large water storage facility, to be called Elephant Butte reservoir. The two 

proposals were at odds with each other. Downstream users were against the Elephant 

Butte proposal, unsure of how this reservoir would serve their needs and if water would 

be allocated for their use (ibid). Users upstream of the proposed international dam 

opposed the dam because of the land mass that would be flooded by its installation. 

Those in support of the Elephant Butte reservoir further opposed the international dam 

because they did not believe there was sufficient water for both (Littlefield, 1999).  

 

A compromise was created during the 1904 National Irrigation Congress. It included the 

construction of a water storage project to be built by the government with irrigated lands 

in lower New Mexico and Texas determined by surveys from the U.S. Reclamation 

Service, now the U.S. Bureau of Reclamation (Littlefield, 1999).  The compromise 

detailed that the U.S. Reclamation Service would determine the appropriate allocation of 

water for both lower New Mexico and west Texas based on studies of the environmental 

and economic uses of the land.  In 1905, Congress approved legislation that outlined 

several items. The legislation allocated water for a specific amount of irrigated acreage in 

both lower New Mexico and west Texas, included a specific quantity of water for users in 

Mexico and provided funding for the government to construct and maintain Elephant 
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Butte reservoir (Littlefield, 1999). The project became known as the Rio Grande project. 

An interesting historical note is that this legislation is the first federally directed interstate 

allocation of water, completed over twenty years prior to the Boulder Canyon Act that 

apportioned the Colorado River (which is oft mentioned as the first scenario of this type) 

(Littlefield, 1999).   

 

The creation of the interstate compact did not mention the allocation set forth in the 1905 

legislation. This was initially a problem that slowed ratification of the compact by the 

State of Texas. Compact commissioners clarified that the specific details for compact 

obligations from New Mexico to Texas were not outlined because the 1905 legislation 

addressed these issues (Littlefield, 1999). After public meetings and discussion with 

compact commissioners and water users (in lower New Mexico and west Texas), state 

representatives from Texas approved of the Compact as written, confident of their 

allocation based on the 1905 legislation. History is long and often, memories are short. 

The Rio Grande project addressed the needs of lower New Mexico and Texas water users 

but created a state line delivery point that today, is still a misunderstood location. 

 

In the Pecos River basin, it is also the middle region that experienced the highest number 

of conflicts. Chaves County, New Mexico experienced nine of the thirteen conflicts and 

Eddy County, New Mexico, at the state line with Texas, experienced eight of the thirteen 

conflicts. Like the Rio Grande, the middle region of the Pecos River basin also 

experiences all types of underlying problems. In the Pecos River basin, this is primarily 
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due to the inflow-outflow equation, the model used to account for delivery obligations 

between the two states. This model, criticized by Texas, led to long lasting conflicts in 

the middle basin over perceived water debt.  

 

The Pecos River interstate compact is unusual because of how it allocates water between 

New Mexico and Texas. Instead of allocating specific quantities or percentages of water 

between states, New Mexico is prohibited from altering the streamflow or "depleting by 

man's activities" the 1947 condition of the river at the state line (Pecos River Interstate 

Compact, Article III (a), See Appendix B). As noted in the later Supreme Court case 

between the two states, “In January, 1948, the Compact Commission's engineering 

advisory committee submitted a lengthy report, the central portion of which was a set of 

river routing studies describing six "conditions" of the Pecos, one of which consisted of 

the actual conditions as of the beginning of 1947.  Each of the studies was embodied in a 

41-column table accounting for all known inflows and outflows of water on the river 

during each of the years between 1905 and 1946 (Texas vs. New Mexico, 462 U.S. 554 

(1983)).” This became known as the inflow-outflow model. It was a key component in 

the compact which was ratified in 1949.  

 

The Inflow-Outflow model, however, never quite lived up to its’ expectations. In the late 

1950’s the Pecos Compact Commission ordered a “Review of Basic Data,” to determine 

if the compact should incorporate a new Inflow-Outflow model. In the 1960’s the model 

was considered ill fated as New Mexico had not been able to meet compact obligations 
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for many years. Also during the 1960’s the compact commission ordered a new model; it 

was presented by New Mexico in the 1970. During this meeting, the Texas representative 

calculated the cumulative shortfall (owed to Texas) and disagreed with the new model. 

No action was made to approve or remedy the model.  Disagreement continued about 

how best to calculate delivery obligations and the large water debt owed to Texas. In 

1983, Texas sued New Mexico to finally resolve the issues surrounding the model and 

other proposed accounting methods.  

 

The model was a key component to determine water due to Texas but also played a large 

role in how the Pecos River was used in New Mexico. The flawed model flavored all 

issues played out in the basin and centered conflicts at the stateline.  

 

Discussion 
Visualization of conflict in large basins is fresh, new way to understand conflicts over 

time. It is an appropriate tool as an aid for research or decision support. However, two 

issues exist which limit the ability to complete spatial analysis, the low number of overall 

observations and the modifiable unit areal problem. Conflict over water resources is 

highly publicized leading one to believe that researching these conflicts could be an 

everlasting project.  However, as previously discussed, the overall number of conflicts (as 

defined by this research) is relatively small.  This is seen in international basins as well. 

In a 2003(A) article, Wolf et al reviewed literature focused on water conflict and 

concluded that loose definitions and a focus on only the most conflictive of basins has led 

to a wide general reporting of international water conflict that is out of proportion with 



86 

 
 

real world events. Given the low overall numbers of identified conflicts in interstate 

settings, this is the case for interstate settings as well.  This first problem, the low number 

of overall observations, limits the amount of spatial analysis because the total number of 

cases is below the central limit theorem. 

 

The second problem for conflicts in a GIS setting is due to the modifiable areal problem. 

Conflicts evaluated at the county scale are subjective aggregations (of conflict 

information) and present several problems in a GIS format. More specifically, these 

problems include defining the basin by administrative rather than hydrologic boundaries 

and delineating conflicts to specific counties. The river basin may flow through all or 

only a small portion of any one county. Because a priority of this research was to use a 

scale that was reproducible, including only the portion of the county in the basin was 

impossible. Similarly, conflicts may occur in all or only an isolated portion of the county. 

Again, it is impossible to objectively include only the portion of the county included in 

the conflict. An additional problem for analyzing conflict in a GIS format is the scale at 

which conflicts vary. Conflicts may occur in one or several counties at the same time. 

Because of this spatial variation, a weighting scheme would be required for better 

analysis. Conflicts are also constrained by basin size. As a result smaller basins, like the 

Costilla Creek basin, with only nine counties, are eliminated from all analyses using a 

county scale. Using watersheds instead of counties may address some of the issues 

presented above; however the modifiable unit areal problem still exists. 
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Figure 9. Total conflict density (per county) and movement of conflict through time 

in the Rio Grande basin (1860-2000).  
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Figure 10.   Total conflict density (per county) and movement of conflict through time 

in the Pecos River basin (1950-2000). 
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CONFLICT AND SOCIOECONOMIC AND ENVIRONMENTAL VARIABLES 
 

1. POPULATION CHANGE 

Introduction 
Wolf et al., (2003B) found that the level of cooperation in international basins increased 

as population density decreased.  Furthermore, they found that overall there is only a 

weak relationship between conflict and population growth as well as population density. 

This statement underscores their hypothesis that physical changes in the basin are not as 

important as the role of institutions (ibid). Based of the findings by Wolf et al., (2003B), 

it became apparent that there was a need to evaluate this connection or (or lack thereof) in 

interstate settings. Frequency tables and GIS were used to evaluate population change 

and conflict in two interstate settings, the Rio Grande and Pecos River basins. The 

hypothesis is that conflict is not associated with population change. Analysis was 

completed using all conflicts since the creation of the interstate compact with the county 

as the unit of analysis.  

 

It is important to note that conflicts can occur in one or multiple counties at the same 

time. It is common that one conflict involved three or more counties. In order to address 

whether conflict is (or is not) associated with population change, two questions were 

asked related to the extent and degree of conflicts. The first question addresses the extent 

of conflict (per decade): how many counties were involved in conflicts for each decade? 
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In other words, for each ten year period, how many counties were involved in conflicts 

during this time? The second question addresses the degree of conflict: how many 

conflicts were in each county? For example, in 1990 several counties in the Rio Grande 

basin experienced two or more conflicts during this decade. Both questions were 

evaluated to determine whether these counties experienced population growth or loss to 

address the potential correlative link between the two variables.  

 

Methods 
Conflicts were previously assigned a corresponding census year based on the start date of 

the conflict. Conflicts beginning in the first four years of a decade were assigned to the 

previous census year and conflicts beginning in the later four years of a decade were 

assigned to the following census year. Conflicts that began in the middle year of a decade 

were evaluated further to determine the start month. Dividing the year in half, the conflict 

was then assigned the appropriate census year based on the start month. This assignment 

scheme was used based on how U.S. Census information is generally compiled. Census 

information is generally compiled in the fifth year of a decade (e.g. 1995) but assigned to 

the previous start year of a decade (e.g. 1990).  Assigning conflicts in a similar manner 

allows accurate comparison between conflict dates and population change. 

 

Census data was gathered at the county level for all relevant counties from 1930 to 2000.  

Census records for the years 1930 to 1960 were gathered from the University of Virginia 

Historical Census Browser (2003). The University of Virginia previously compiled the 

historical data from paper records created by the U.S. Census Bureau. Census data for the 
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years 1960 to 2000 were gathered directly from the U.S. Census Bureau. Using 1930 as 

the base year, population change was calculated for each county and each decade to 2000. 

Overall population change was converted to percentages, to set aside the issue of county 

boundary changes. Counties can and have annexed portions of other counties either to 

increase their size or to create a new county (as in the case of Cibola County, New 

Mexico). Using population density as a measure requires complete knowledge of the size 

of each county for all decades in consideration. Consistent records across all counties and 

states back to 1930 were not obtainable.  

 

To evaluate the extent of conflict frequency tables were created for each basin. Because 

conflicts overlap in space and time, a frequency table provides a clear way to evaluate 

conflicts with population change. The tables include how many counties were involved in 

conflict(s) for each decade, the total number of conflicts, and a frequency count of 

whether the counties engaged in conflict were gaining or losing population. The 

classification scheme used for population change in the frequency table is based on the 

actual population change previously calculated. For example, in 1980 El Paso County, 

Texas grew by 25.1% and was marked as a “gaining” county. In 1980, Sandoval County, 

New Mexico lost 23.2% of its population from the previous decade and was marked as a 

“losing” county. Both frequency and percentages are listed to evaluate any link between 

population change and conflicts.  
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To evaluate the degree of conflict (multiple conflicts in the same county), GIS was used 

to evaluate the two variables in each basin. Baseline data for all conflict information as 

well as files required for visualization within a GIS were used from the initial GIS 

application. Population change was saved as a database file and imported into the GIS. 

The population change file was then joined with the county shapefile to concatenate 

population change information to the county spatial data. Conflict frequencies (by county 

and decade) were calculated from the main conflict database using the general statistics 

option within ArcMap. This frequency table was saved separately from the main conflict 

database and joined with the county shapefile. All joins were completed either using the 

standard federal information processing standard (FIPS) code or by county name.  For 

each decade, I used a graduated color ramp from the symbology properties of the newly 

joined shapefile to visualize population change. Maps were then labeled with the conflict 

frequency for the corresponding census year. 

 

Using the tools within GIS, I explored classification schemes for the best representation 

of population growth per decade. Population change varied drastically across decades 

with as much as 80% negative and positive growth occurring in different decades! The 

large variation in change made using a set classification scale exceedingly difficult. I 

used 6-8 categories, evenly split between loss and growth for representation through the 

decades attempting to maintain similar scales between decades. Cool colors (e.g. shades 

of green) represent negative growth and warm colors (e.g. yellow, orange, red) indicate 

positive growth. Conflict frequencies per decade were labeled to compare the frequency 
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of conflicts in each county against population change. If conflict is associated with 

population change then multiple conflicts occurring in the same county for a given time 

period should occur in counties experiencing positive growth. 

 

A series of frequency tables and maps were created for each basin. Maps visualizing 

population change and conflict density were also created for each decade as well as a 

final map (for each basin) showing total conflict density and average population change. 

All relevant maps are at the end of this section for clarity of discussion.  

 

Rio Grande Basin  
The Rio Grande Interstate Compact was ratified in 1939 (Refer to Appendix A for full 

compact).  Analysis was completed for both the extent and degree of conflict from 1940 

to 2000. For this analysis, only conflicts that transpired since the interstate compact was 

ratified were used. This results in three less conflicts than used in the previous application 

for a total of twenty conflicts in this basin. 

Table 9. Frequency table showing the extent of counties involved in conflicts in the 
Rio Grande basin from 1940 to 2000. Note: no conflicts occurred during 
the 1960 time period.  

  Population Change  Frequency Percent 

Year 

Total 
Counties 
involved 

in 
conflicts Gaining Losing 

Total 
Conflicts 

during 
time 

period Gaining Losing 

% 
Counties 
in Conflict 
GAINING 

% 
Counties 
in Conflict 
LOSING 

1940 6 5 1 1 5/6 1/6 83% 17%
1950 4 2 2 1 2/4 2/4 50% 50%
1960 0 0 0 0 0/0 0/0 0% 0%
1970 4 2 2 2 2/4 2/4 50% 50%
1980 2 1 1 2 1/2 1/2 50% 50%
1990 11 11 0 5 11/11 0/0 100% 0%
2000 11 11 0 9 11/11 0/0 100% 0%
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The frequency table addresses which counties involved in conflict(s) experienced 

population loss or growth on a per decade basis. There are no decades where the majority 

of counties were losing population. At most, counties experiencing a loss in population 

were evenly shared with counties experiencing growth (1950, 1970, and 1980). However, 

a pattern begins to emerge for counties involved in conflict and population growth. For 

three of the six decades (1940, 1990, and 2000) the majority (or in two cases, all) of the 

counties are experiencing some sort of population growth. Given that the number of 

conflicts and the number of counties involved increases dramatically in the last two 

decades it appears that conflict is associated with population change in this basin.  

 

The degree of conflict or conflict density (conflicts occurring in multiple counties during 

the same decade) provides further evidence for the association between population 

growth and conflicts in the Rio Grande basin.  There are only two decades where any 

particular county experiences multiple conflicts concurrently. These, not surprisingly, are 

the 1990 and 2000 time periods. In 1990, there are eight counties that experience more 

than one conflict at the same time. This is not to be confused with the overall number of 

counties involved in conflicts (n=11). These other three counties were only involved in 

one conflict during this time period. The eight counties involved in multiple conflicts are 

all experiencing some degree of population growth. Two of these counties, Dona Ana and 

Sandoval counties (New Mexico) both with two conflicts (happening concurrently for 

this time period) have 56% and 78% growth (respectively) from the previous decade! 
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This shows a clear link between growth and conflict. In 2000, nine counties experienced 

more than one conflict at the same time. Again, this is not to be confused with the overall 

number of counties involved for this decade (n=12). Three counties were only involved in 

one conflict during this time period. All counties with more than one conflict occurring 

during the 2000 decade also had positive population growth. Socorro County, New 

Mexico, with the highest number of conflicts during this time period (five total), 

experienced over 40% population growth from the previous decade.  

 

Pecos River Basin 
The Pecos River Interstate Compact was ratified in 1949 (Refer to Appendix B for full 

compact). Analysis was completed for both the extent and degree of conflict for 1950 to 

2000. There are thirteen conflicts in total for this basin.  

 
 
Table 10. Frequency table showing the extent of counties involved in conflicts in the 

Pecos River basin from 1950 to 2000. Note: no conflicts occurred during 
the 1950 time period.  

 

  
Population 

Change  Frequency Percent 

Year 

Total 
Counties 
involved in 

conflicts Gaining Losing

Total 
Conflicts 

during time 
period Gaining Losing 

% 
Counties 

in 
Conflict 

GAINING

% 
Counties 

in 
Conflict 
LOSING 

1950         0/0 0/0 0% 0%
1960 13 5 8 5 5/13 8/13 38% 62%
1970 25 8 17 3 8/25 17/25 32% 68%
1980 13 10 3 1 10/13 3/13 77% 23%
1990 3 2 1 1 2/3 1/3 67% 33%
2000 5 3 2 3 3/5 2/5 60% 40%
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In the Pecos River basin, there were no conflicts in the first ten year period of the 

compact. The frequency table evaluates the extent of counties involved in conflict and 

whether a majority of those counties are experiencing population growth or loss. Unlike 

the Rio Grande, all decades in the Pecos River basin have one predominant type of 

population change for the extent of counties involved in conflicts. In both 1960 and 1970, 

over 60% of all counties involved in conflicts experienced some degree of population 

loss.  In 1980, this trend is reversed and for the remainder of the time period (1980-2000) 

the majority of counties involved in conflicts experienced some degree of population 

growth. Based on this information it is clear that there is a relationship between 

population change and conflicts. However, unlike in the Rio Grande where there was a 

clear and strong relationship between population growth and conflicts, here the direction 

is not as highly associated.  

 

The application of GIS to evaluate population change and conflict density presents a 

similar picture with a clear association between conflicts and population change but no 

clarity with regard to directionality. The 1960 and 1970 decades were the only two 

decades with multiple conflicts in the same county running concurrently. During the 

1960s, three counties were involved in two conflicts at the same time and each of these 

counties was experiencing population loss. The remaining two counties were involved in 

four conflicts concurrently and were experiencing population growth. While it appears 

that more counties with multiple conflicts are experiencing loss, the counties with the 

highest numbers of conflicts are experiencing growth.  
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In the 70s, four counties had multiple conflicts happening at the same time. Three of 

these counties were losing population. The county with the most conflicts happening 

concurrently was also losing population. This is the opposite of what conflict density 

during the 1960s presented.  

During the 80s, 90s, and 2000, there weren’t multiple conflicts occurring in one or more 

counties at the same time. However, the 80s marks a clear shift from population loss and 

conflict to population growth and conflict. Whereas in the 60s and 70s the counties 

experiencing conflict were experiencing over 60% population loss; in the 80s and beyond 

the counties with conflict were experiencing over 60% population growth.  

 

Discussion 
It is important to consider both the extent of counties involved as well as the density, or 

frequency, of conflicts per county when considering possible association between 

conflicts and population change. For this application, I used the hypothesis that conflict is 

not associated with population change. Change could be considered as growth or loss. It 

is clear that in the Rio Grande basin, conflict is indeed associated with population change. 

Furthermore, based on the evidence presented in both in the frequency table and GIS 

application, the extent and degree of conflict are both associated with positive population 

change. In the Pecos River basin, conflict is also associated with population change but 

the connection is not as strong like in the Rio Grande basin.   
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In early decades in the Pecos basin, conflict is associated with population loss; in latter 

decades it is associated with population growth. The exception is 1970 and 1980 where 

the numbers in each county are relatively close. However, there is a pattern. Why this 

pattern? Did the type of conflict change over time? Conflicts in the basin do change over 

time but not in a manner that provides further clarity on the dynamic relationship between 

conflict and population change. In the 1950s and 60s all conflicts in the Pecos River basin 

were focused on issues surrounding adjudication. Adjudication is the process used to 

define and quantify water rights for all users in a specific area. Towards the end of the 

70s, conflicts regarding adjudication continued but also incorporated issues surrounding 

compact accounting methods. In the mid-1980s issues surrounding accounting methods 

led to several court cases. In addition, endangered species issues became prevalent. If the 

type of conflict is not a contributing factor in this relationship, then did the parties change 

over time? Prior to making any conclusions, a more in-depth examination of the variables 

over time is required to better understand the dynamic relationship.  

 

The hypothesis for this application was based on the previous work by Wolf et al. in 

international river basins. Their findings asserted that there was only a weak link between 

population change as well as population density for the level of conflictive (or 

cooperative) behavior in an international river basin (Wolf et al., 2003B). Their work was 

based on the level of different behaviors rather than distinct conflict events (such as those 

found in this research). However, their scale of behavior is comparable to distinct events 

because it incorporates the conflict event itself. For example, a -3 on their scale is 
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described as “diplomatic-economic hostile actions (Wolf et al., 2003B).”  In this research 

similar actions are encapsulated as events; one example is the Texas vs. New Mexico 

court case in the Rio Grande basin.  The data presented here supports the rejection of the 

hypothesis that conflict is not associated with population change. On the contrary, it 

appears that there is a clear link between the two variables.  

 

The evaluation of the association between conflicts and population change warrants 

further investigation. At what degree is population change important? What are the 

drivers behind conflicts that occur in counties experiencing population loss? One 

limitation of this particular analysis is that is does not take into account any potential lag 

between population change (of either type) and the onset of conflict. Examining this link 

may aid understanding of the association between the two variables in the Pecos River 

basin.  
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Figure 11.  Map depicting population change and density of conflict (per county) in 

the Rio Grande basin for 1990. This decade is one of two decade where 
multiple conflicts occurred in the same county during the ten year period. 
Note - conflicts can occur in one or multiple counties at the same time. 
During this decade, there were five total conflicts. Eight of the eleven 
counties involved in conflicts experienced multiple conflicts at the same 
time (e.g. one county was involved in two of the five total conflicts at the 
same time).  
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Figure 12.  Map depicting population change and density of conflict (per county) in 

the Rio Grande basin for 2000. This decade is one of two decade where 
multiple conflicts occurred in the same county during the ten year period. 
Note - conflicts can occur in one or multiple counties at the same time. 
During this decade, there were nine total conflicts. Nine of the twelve 
counties involved in conflicts experienced multiple conflicts at the same 
time (e.g. one county was involved in five of the nine total conflicts at the 
same time).  
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Figure 13.  Map depicting overall population change and the frequency of conflict 

(per county) in the Rio Grande basin from 1940-2000. There were 20 
conflicts in this basin since the time the Interstate compact was ratified. 
The map depicts how many conflicts occurred in each county over this 70 
year time period (e.g. El Paso County, Texas experienced seven of the 
twenty total conflicts). 
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Figure 14.  Map depicting population change and density of conflict (per county) in 

the Pecos River basin for 1960. This decade is one of two decade where 
multiple conflicts occurred in the same county during the ten year period. 
Note - conflicts can occur in one or multiple counties at the same time. 
During this decade, there were five total conflicts. Five of the thirteen 
counties involved in conflicts experienced multiple conflicts at the same 
time (e.g. one county was involved in four of the five total conflicts at the 
same time).  
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Figure 15.  Map depicting population change and density of conflict (per county) in 

the Pecos River basin for 1970. This decade is one of two decade where 
multiple conflicts occurred in the same county during the ten year period. 
Note - conflicts can occur in one or multiple counties at the same time. 
During this decade, there were three total conflicts. Four of the twenty-
five counties involved in conflicts experienced multiple conflicts at the 
same time (e.g. one county was involved in three of the twenty five total 
conflicts at the same time).  
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Figure 16.  Map depicting overall population change and the frequency of conflict 

(per county) in the Pecos River basin from 1950-2000. There were 13 
conflicts in this basin since the time the Interstate compact was ratified. 
The map depicts how many conflicts occurred in each county over this 
time period (e.g. Chaves County, New Mexico experienced nine of the 
thirteen total conflicts). 
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2.  ANNUAL STREAMFLOW  

Introduction 
To evaluate whether the start of a conflict is linked to low streamflow conditions, I 

completed analysis in two parts. Part A is a visual comparison of mean annual 

streamflow statistics for the period encompassing the duration of the interstate compact 

for each basin with conflict start years highlighted on the graphical output for streamflow 

statistics. Part B evaluates streamflow conditions at the time before, during, and after a 

conflict event. Data collection, methods, results, and findings are grouped by Parts A and 

B and by individual basin.  

 

PART A: VISUAL ANALYSIS 
 

Methods 
In order to compare streamflow statistics with annual conflict, I first determined the 

appropriate gages to use in each basin. Each interstate compact includes a list of stream 

gages used and maintained for compact accounting purposes. For the visual assessment 

of stream conditions and conflict years, I chose gages which are used specifically, alone 

or in conjunction with other gages, to account for stateline delivery obligations. To 

account for variability in streamflow conditions in different parts of the Rio Grande and 

Pecos basin, I chose stream gages that were used for compact accounting and also 

corresponded with the basin divisions (upper, middle, lower) for conflicts. Because 

Costilla Creek is a small basin, basin division and comparison with multiple gages was 

unnecessary. 



107 

 
 

Table 11.  List of U.S. Geological Survey gaging stations used to represent mean 
annual flow statistics for three interstate basins.  

 
 

Streamflow data was gathered from the USGS National Water Information System: Web 

Interface (2008A). Statistics can be selected for either a water or calendar year. The 

USGS definition of a water year for surface water supplies “…is the 12-month period 

October 1 through September 30. The water year is designated by the calendar year in 

which it ends and which includes 9 of the 12 months (Langbein and Iseri, 1995)” I used 

calendar year to keep monthly order the same between conflict data and streamflow data. 

Statistical calculations for mean annual streamflow values used complete daily statistics 

for all gages except the Costilla Creek gage. Mean annual streamflow statistics were 

calculated through the USGS web interface and provided in cubic feet per second (cfs) 

units for all gages.  

 

For each basin, I completed a visual comparison of mean annual streamflow statistics 

against the start year of conflicts to determine trends between stream flow conditions and 

River 
Basin 

USGS 
Gage 

Number USGS Gage Name 
Gage 

Location 
Years on 
Record 

Rio 
Grande 08251500 Rio Grande near Lobatos Colorado 1931-2007 
Rio 
Grande 08358300 

Rio Grande conveyance channel at 
San Marcial New Mexico 1965-2006 

Pecos 
River 08402000 

Pecos River at Dam Site No. 3 near 
Carlsbad New Mexico 1940-2007 

Pecos 
River 08407500 Pecos River at Red Bluff 

New 
Mexico/Texas 1938-2007 

Costilla 
Creek 08252500 

Costilla Creek above Costilla 
Reservoir New Mexico 1937-2007 
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the onset of conflict. A summary of mean annual streamflow and corresponding conflicts 

for each basin is presented below.  

 

Rio Grande Basin 
Annual stream flow data was gathered from USGS stream flow gaging stations 

specifically mentioned in the Compact and used for accounting state delivery obligations 

between states.  The Rio Grande gaging station near Lobatos, Colorado is the key gage 

used for accounting purposes between Colorado and New Mexico. The gaging station at 

the conveyance channel near San Marcial, New Mexico is one gage included in the 

calculations for obligations between New Mexico and Texas. The USGS has records 

available for three stations at this location. The first is the in the main stream channel at 

San Marcial. This station was not used because records are available only from 1900-

1963. The second station available is the Rio Grande floodway. Records for this station 

are only from 1986-1995. The third station, located at the conveyance channel is the only 

station with continuous records for all years in the period of interest. Conveyance 

channels are man made channels to ensure delivery obligations to rights holders and do 

not reflect true stream conditions. Therefore it is not possible to compare conflict start 

dates in the lower basin with streamflow conditions. However, the data is included for 

reference.  

 

Conflicts are divided by basin location using the previously defined categories: Upper (all 

of Colorado), Middle (New Mexico to Elephant Butte reservoir) and Lower (the Rio 

Grande below Elephant Butte to Ft. Quitman, Texas).  
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Table 12.  Conflict event dates and locations for the Rio Grande basin. The grey 
highlighted conflicts were not used due to the lack of available streamflow 
records pre-1900.  There are twenty three total conflicts. 

 
RIO GRANDE CONFLICT EVENTS 

Conflict 
ID 

Basin 
Location Start End Duration 

142 Lower 1864 1963 100 
150 Lower 1895 1902 8 
152 Lower 1895 1909 15 
140 Lower 1983 1984 2 
199 Lower 1988 2001 14 
147 Lower 1993 2002 10 
149 Lower 1997 2002 6 
139 Lower 2004 2005 2 
151 Middle 1935 1939 5 
153 Middle 1951 1957 7 
141 Middle 1966 2006 41 
146 Middle 1983 1996 14 
145 Middle 1990 1991 2 
158 Middle 1994 On-going n/a 
155 Middle 1996 2004 9 
156 Middle 1999 2003 5 
159 Middle 1999 2005 7 
157 Middle 2001 2002 2 
144 Middle 2003 2003 1 
154 Upper 1966 1985 20 
198 Upper 1987 1994 8 
201 Upper 1998 1998 1 
200 Upper 2000 2002 3 
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 Rio Grande at Lobatos: Mean Annual Stream Flow (cfs) 
1931-2005

0

200

400

600

800

1,000

1,200

1,400

19
31

19
35

19
39

19
43

19
47

19
51

19
55

19
59

19
63

19
67

19
71

19
75

19
79

19
83

19
87

19
91

19
95

19
99

20
03

Year

C
ub

ic
 F

ee
t p

er
 S

ec
on

d

 
Figure 17.  Mean annual stream flow (cubic feet per second) at the USGS gaging 

station on the Rio Grande near Lobatos, Colorado. The five year moving 
average is denoted in black. Red data points indicate the start year of a 
conflict for the MIDDLE basin only. Note - two conflicts in the middle 
basin occur in 1999.  

 
For clarity – streamflow records are repeated with upper basin conflicts only. 
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Figure 18.  Mean annual stream flow (cubic feet per second) at the USGS gaging 

station on the Rio Grande at Lobatos, Colorado (repeated for upper basin 
conflicts). This gaging station is the primary station used in the Rio 
Grande. The five year moving average is denoted in black. Yellow data 
points indicate the start year of a conflict for the UPPER basin only.  
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Mean Annual Stream Flow (cfs) 

Rio Grande Conveyance Channel near San Marcial
1980-2005
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Figure 19.  Mean Annual Stream Flow (cubic feet per second, cfs) at the USGS 

gaging station (Rio Grande conveyance channel near San Marcial, New 
Mexico). The San Marcial USGS gaging station represents 
streamflow/deliveries from the middle to lower portion of the basin. 
Green data points indicate the start year of a conflict for the LOWER 
basin only.  

 
 

To imply there is a trend in the data, one can look at the majority of conflicts above and 

below a user defined moving average. To ensure that all conflict events were included, I 

created a five year moving average trend line for the graphs depicting conflicts in the 

upper and middle basins and the gaging station at Lobatos, Colorado. If conflict is linked 

to low streamflow, one would expect to find the majority of conflicts below the moving 

average. However, this is not the case for these graphs.  

 

There are eleven conflicts in the middle basin alone (note - two conflicts begin in 1999 

hence the graph only shows ten conflicts). Slightly more than half of the conflicts (six) 
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are at or above the moving average. This is contrary to what one would expect to find if 

streamflow is linked to the onset of conflict. There are four conflict events in the upper 

Rio Grande basin (denoted in the graph with yellow data points). Half of these events 

occur in years where streamflow is above the five year moving average. This data does 

not imply there is association between streamflow conditions and the onset of conflict. 

However, visually comparing the data in this manner attempts to link the start year of a 

conflict with the mean annual streamflow for that specific year. This may not be the 

optimal way to evaluate a link between the two variables because it does not account for 

any lag between stream conditions and the onset of conflict.  

 

An alternate way to analyze these graphs is to see how many conflicts follow a year with 

lower annual streamflow (relative to the previous year). In the middle basin (n=11) six 

conflicts started the year after a higher flow, four conflicts followed a year with lower 

flow (again relative to the conflict year), and one started at a nearly equal flow condition. 

For the upper basin (n=4), three conflicts followed a year with higher mean annual flow 

and only one followed a lower flow year.  

 

No clear pattern emerges through either of these methods suggesting that there is no link 

between the variables. However, a different picture emerges when comparing the start 

year of a conflict to the overall average flow across all years at the gaging station. The 

overall average of mean annual streamflow across al available years (1931-2007) is 437 

cfs. In the middle basin, eight of the eleven conflict years are below this average. In the 
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upper basin, three of the four conflict years also occur below this average. This 

contradicts the findings from the moving average. A closer examination of streamflow 

conditions and conflicts is completed in an upcoming section.  

 
 

Pecos River Basin 
As previously discussed, the Interstate Compact for the Pecos River basin relies on an 

established model, the Inflow-Outflow equation to determine obligations between New 

Mexico and Texas. Data for the inflow-outflow equation is gathered from gages that are 

managed by the Pecos River Water Master. I reviewed the 2003 Pecos River Water 

Master’s Manual to determine which gages were included for compact accounting 

purposes and chose the two most southerly gages for either part of the Inflow-Outflow 

equation.  I assumed the variability in mean annual streamflow for two most southerly 

gages (for either side of the equation) were especially important for calculating delivery 

obligations. These gages are the last measurement point for their respective contributions 

to the delivery equation and conflicts may be more closely related to streamflow 

conditions at these points. For the inflow equation, I used the gage at Carlsbad, New 

Mexico.  To represent the outflow equation, I used the gage at Red Bluff, New Mexico 

(near the NM/TX state boundary). Conflict in the Pecos basin only occurs in the upper 

and middle portions of the basin. For simplicity, conflicts are aggregated without regard 

to specific basin location mapped at both gaging stations.  
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Table 13.  Conflict dates and basin locations for the Pecos River basin. There are 13 
total conflicts. 

 
PECOS CONFLICT START DATES 

Conflict 
ID 

Basin 
Location Start End Duration 

208 Middle 1956 1965 10 
209 Middle 1956 1988 33 
211 Middle 1956 On-going n/a 
205 Middle 1958 1965 8 
215 Middle 1969 1969 1 
212 Middle 1972 1997 26 
214 Middle 1974 1990 17 
204 Middle 1996 1998 3 
210 Middle 2000 2001 2 
213 Middle 2003 2007 5 
216 Upper 1958 1959 2 
202 Upper 1976 2002 27 
217 Upper 1994 2004 11 
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Figure 20. Mean annual stream flow (cfs) at two USGS gaging stations on the Pecos 

River (Carlsbad, New Mexico and at Red Bluff near the New 
Mexico/Texas state line).  Conflict start dates are highlighted on both time 
series in yellow.  

 
 
For clarity, the moving average trend line is not shown in the above graph for the Pecos 

River basin. Again, I used a five year moving average to evaluate if conflict years 

occurred above or below the moving average. Since the more southern gage, the gage at 

Red Bluff is a lower yet mirror image of the Carlsbad gage, I created the moving average 

for the Carlsbad gage. There are thirteen total conflicts. All conflicts are used without 

consideration of the specific basin location of conflict events. I evaluated the conflict start 

dates against the moving average to determine if more conflicts occurred in less than 

average streamflow conditions. Six of the thirteen conflict years occur above the moving 

average and seven of the conflict years are slightly below. The almost even split of 
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conflict years above and below the average indicates no clear pattern to link conflicts 

with a particular type of streamflow condition.  

 

Again, an alternate way to evaluate if conflicts are tied to stream conditions is to look at 

the onset of conflict compared to the streamflow condition of the previous year. In the 

case of the Pecos River, it is equally split; six conflicts follow immediately after a lower 

flow year and six conflicts follow immediately after a higher flow year. One conflict 

begins after a year of relatively equal stream flow. This too negates any implications that 

the data has any sort of trend. One last way to evaluate conflicts through this data is to 

look at the overall mean annual streamflow condition in comparison to the annual 

streamflow the year a conflict began. From 1940 to 2007, the mean annual streamflow of 

the Pecos River at the Carlsbad gage was 146 cfs. Again, the data is evenly shared 

between above and below this average. Interestingly, the 13th conflict actually lies above 

the overall average (this is the opposite ratio when using the five year moving average). 

Through these three methods, it is not possible to imply that low streamflow conditions 

are linked to the onset of conflict in the Pecos River basin. An additional evaluation of 

streamflow conditions and conflict in this basin is in an upcoming section.  

Costilla Creek Basin 
The Costilla Creek Interstate compact does not specifically list USGS stream gages in the 

compact but rather general descriptions of gage locations (See Appendix C, Article VII). 

For analysis, I used the gaging station on Costilla Creek above the Costilla Reservoir, in 

New Mexico. I chose this gage because it the first gage listed gage on the main stem of 
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Costilla Creek and it lays above a major reservoir important to the basin (and compact 

accounting). Costilla Creek meanders back and forth across statelines instead of in a 

general southerly direction like the Rio Grande or Pecos River basin. My assumption was 

that using a gage near the headwaters and above the first major water storage project in 

the basin would provide an accurate picture of mean annual streamflow in this basin. 

 
Table 14.  Conflict event dates for the Costilla Creek basin. There are five total 
conflicts. 

COSTILLA CREEK CONFLICT EVENTS 
Conflict ID Start End Duration 

221 1938 1944 7 
222 1950 1954 5 
220 1954 1962 9 
219 1960 1963 4 
218 1996 1999 4 
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Figure 21.  Mean annual stream flow (cubic feet per second (cfs)) at USGS stream 

gage on Costilla Creek above the Costilla Reservoir, New Mexico. Yellow 
data points mark the start year of a conflict in basin. 
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For conflict to be related to low streamflow conditions, the majority of conflicts years 

should fall below the overall average streamflow or below the moving average. Costilla 

Creek is an incredibly low flow stream, especially in light of the other two rivers 

evaluated. In this basin, I used a five year moving average to evaluate where the majority 

of conflicts started. Four of the five conflict years are below the moving average. The 

data would suggest that flow conditions may be important for the onset of conflict in this 

basin.  

 

Again, another way to evaluate a potential relationship is by looking at the flow level for 

the previous year. Do conflict years begin immediately following a low flow year 

(relative to the conflict year)? Three of the five conflicts immediately start following a 

higher flow year. In other words, the year that the mean annual streamflow was lower 

(than the preceding year) a conflict event began. Finally, one last perspective, four of five 

conflicts begin in years where the mean annual streamflow is below 10 cubic feet per 

second. Each of these three different methods suggests that in the Costilla Creek basin, 

conflict is indeed linked to low mean annual streamflow.  
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PART B: CATEGORIZATION OF STREAMFLOW CONDITIONS  

Introduction 
A visual comparison of mean annual streamflow and conflict start dates is a good initial 

step to understand if there are trends in the data between streamflow and conflicts. It, 

however, is not necessarily the most robust way to determine possible relationships 

between variables. In an effort to more quantitatively examine potential relationships 

between annual streamflow conditions and conflict start dates, I classified stream 

conditions types so that I could compare the stream condition type of each conflict year 

within and across basins. This classification scheme is not an attempt to replicate 

complicated, real world models used to delineate and define annual stream conditions but 

rather is exploratory data analysis to evaluate potential trends in data.  

Methods 
Based on visual analysis of conflicts (separated by basin location) in comparison with 

mean annual streamflow statistics for gages in the appropriate basin locations I decided to 

use the most northern gage on the main stem for each river to provide the most accurate 

picture of mean annual conditions. The most northern stream gage inherently by its’ 

location maintains the highest overall streamflow as well as conditions that reflect 

environmental conditions prior to the multitude of management obligations such as 

diversions, transfers, return flow, etc. For the Rio Grande basin, this is especially 

important as the lower gage is located in a conveyance channel which is a managed 

channel and does not reflect true stream conditions. The gages used for this classification 

are the gage on the Rio Grande near Lobatos, Colorado; for the Pecos River, I used the 
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gage near Carlsbad, New Mexico and for Costilla Creek, I chose the gage on Costilla 

Creek above Costilla reservoir in New Mexico. Basin locations were not included in this 

analysis nor any conflicts occurring prior to the compact ratification date. 

 
Table 15.  USGS Stream gaging stations used to analyze stream conditions before 

and at the onset of a conflict event.  

 
Four stream condition categories were selected for analysis. They were dry, average, wet, 

and extremely wet. Because the Rio Grande basin has the highest variation in flows and 

the largest number of conflicts, this basin was used for exploring classification schemes.  

 

Initially, I classified schemes seven different ways including interquartile range, thirds, 

quarters, natural breaks using raw data, natural breaks using normalized values, 

normalization by dividing flow value by maximum flow value, and finally normalization 

by dividing flow value by median flow value.  I used the statistical software application, 

STATA, to create the side-by-side comparison of classification schemes. Starting with 

the most basic scheme, I split data into thirds (dry, average, and wet). I also split the data 

into four equal parts to attempt to better capture the variation in possible conditions. 

However, classifying data in this manner does not rely on the actual distribution of data 

but rather on the number of years included in the dataset. For a more accurate 

River Basin 

USGS 
Gage 

Number USGS Gage Name 
Gage 

Location 
Years on 
Record 

Rio Grande 08251500 Rio Grande near Lobatos Colorado 1931-2007 
Pecos 
River 08402000 

Pecos River at Dam Site No. 3 near 
Carlsbad New Mexico 1940-2007 

Costilla 
Creek 08252500 

Costilla Creek above Costilla 
Reservoir New Mexico 1937-2007 
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representation of what was happening with the data, I calculated the interquartile range to 

explore the dataset based on the distribution of actual values instead of the overall 

number of years. I also explored the data by normalizing the flow values two separate 

ways; normalization by dividing the annual streamflow value of any one specific year 

against the maximum flow value in the data set as well as normalization of any one 

specific year against the median flow value. I classified the normalized data (year 

x/median value) using natural breaks. These classification schemes, when viewed side by 

side had almost identical results. Across the different classification schemes with over 

seventy years of data, only four years changed across all methods used.  

 

The final classification scheme included the removal of extreme values (unusually high 

mean annual flow years). These values (the total number of extremely wet years varies 

with each basin) were then categorized as the extremely wet category. For example, the 

Rio Grande had four extremely wet years, the Pecos River and Costilla Creek both had 

two extremely wet years. All other years minus the extreme values were equally divided 

in thirds (by the total number of years in the dataset) for the remaining three 

classifications. As seen previously, the mean annual streamflow of each river varies by an 

order of magnitude. Prior to comparing stream conditions across basins, the final 

classification scheme (dry, average, wet, and extremely wet) was completed for each 

basin separately. This nullifies the effect of varied river conditions when comparing 

across basins. 
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A comparison of the “then” current streamflow condition type and conflict start date does 

not take into account any lag period that may occur prior to the start of a conflict. It is 

similar to visual comparison from the graphical representation discussed previously. In an 

effort to better understand if stream conditions affect conflict, I evaluated stream 

conditions (based on the previous classification) for the four years prior to the start year 

of a conflict event.   

 

For each basin, the classification and evaluation of stream conditions against conflict start 

years was completed. A summary of results and findings for each basin is presented 

below. 

Rio Grande Basin   
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Table 16.  Stream conditions, mean annual streamflow value (cfs), and conflict start 
year for the Rio Grande basin (n=20). 

Basin Year Stream Condition 
Mean Annual 

Flow Value (cfs) No. of Conflicts 
RG 1935 Average 497.8 1 
RG 1951 Dry 102.6 1 
RG 1966 Average 352.7 2 
RG 1983 Wet 535.5 2 
RG 1987 Extremely Wet 1,151 1 
RG 1988 Average 254.5 1 
RG 1990 Dry 242.5 1 
RG 1993 Wet 552.1 1 
RG 1994 Average 395.9 1 
RG 1996 Dry 179.4 1 
RG 1997 Wet 769.3 1 
RG 1998 Average 330.4 1 
RG 1999 Wet 641.5 2 
RG 2000 Dry 157.3 1 
RG 2001 Average 401 1 
RG 2003 Dry 102 1 
RG 2004 Average 297.9 1 

 
 

The above graph shows the stream condition of years with conflicts in the Rio Grande 

basin. For each year, the classified stream condition is listed next to the actual mean 

annual streamflow value of the river. Also included in the graph is the number of 

conflicts occurring during that year (note – years 1966, 1983, and 1999 have two 

conflicts beginning during that specific year). For all conflicts in the Rio Grande (n=20), 

five conflicts occur during dry conditions, eight conflicts during average conditions, six 

during wet conditions, and one during an extremely wet year. Conflicts occur more often 

in average condition years than any other classification type. Similar to the visual 

evaluation completed earlier, this suggests that there is no association between stream 



124 

 
 

condition and the onset of conflict. This evaluation is only for the current stream 

condition and conflict year. A way to test the results of this evaluation is to determine if 

this relationship stands when stream conditions are evaluated for several years prior to 

conflict.  

 
Table 17. Streamflow conditions prior to the start of a conflict for all conflicts in the 

Rio Grande basin. Conditions are abbreviated D, dry; A, average; W, wet; 
EW, extremely wet.  

 
Rio Grande Years Prior to Conflict 

Basin Conflict Start Date 1 Year 2 Years 3 Years 4 years 
RG 1935 D W A D 
RG 1951 A W W D 
RG 1966 A D D W 
RG 1966 A D D W 
RG 1983 W W D W 
RG 1983 W W D W 
RG 1987 W W EW EW 
RG 1988 W EW EW EW 
RG 1990 EW EW A A 
RG 1993 A D A A 
RG 1994 D A W W 
RG 1996 A W A W 
RG 1997 W A W D 
RG 1998 A W D W 
RG 1999 W D W A 
RG 1999 W D W A 
RG 2000 D W A W 
RG 2001 W A W D 
RG 2003 W D A D 
RG 2004 A D D A 
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Table 18. Percent occurrence of each stream condition type for the 1-4 years prior to 

conflict year in the Rio Grande basin. *N= 77 years of data, extremely wet 
years account for only four years.  

 
Rio Grande 

Years Prior to Conflict 

 1 Year 2 Years 3 Years 4 years 
Dry = 15% 35% 30% 25% 

Average = 35% 15% 30% 25% 
Wet = 45% 40% 30% 40% 

Extremely Wet* = 5% 10% 10% 10% 
 
 

The results from the previous assessment (stream condition at conflict start year) indicate 

that the most common condition found at the onset of a conflict year were average 

conditions. The average condition accounts for 40% of the stream conditions for all 

conflicts in the basin. Dry conditions account for 25%, wet conditions account for 30% 

and extremely wet conditions account for 5% of the stream conditions for conflict years. 

The relatively even split further supports the hypothesis that stream conditions are not 

linked to the onset of conflict.  However, if conflict events follow drought condition then 

a lag period between streamflow condition and the onset of conflict should appear. 

However, stream conditions prior to the onset of conflict are also evenly spread between 

condition types for all years.  

 

Classification of dry, average, and wet years were evenly split across all years of 

available data and therefore, it should be noted that the percentages of these three types of 

stream conditions prior to a conflict year are representative of the whole. However, 
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extremely wet years only account for two to four years of data (depending on the basin) 

and therefore are not representative when averaged across years prior to conflict (and not 

further discussed for this reason). In year one, the split between dry, average, and wet 

was 15/35/45 percent with wet years as the dominant type. For year two (before a conflict 

year) the split was 35/15/40, again with wet conditions accounting for slightly more. In 

year three, the split was 30/30/30 and in year four the split was 25/25/40.  In this 

evaluation, wet conditions are slightly more prevalent than the other types of stream 

conditions prior to a conflict. This is contrary to what one would expect to find if 1.) 

there was a connection between dry stream conditions and the onset of conflict; and 2.) if 

there was a lag period between dry stream conditions and the onset of conflict.   

 

In this basin, there is no apparent connection between conflict and stream conditions both 

at the time of the event or prior to the event. In Part A, the visual analysis, conflicts were 

found both above and below average stream conditions. In Part B, the evaluation of 

stream classification types, conflicts was found more in average condition years. When 

evaluating stream conditions prior to conflict, the data was generally split evenly with 

wet conditions occurring slightly more frequently than the other condition types. In any 

part of this analysis, dry conditions did not surface as the dominant type of stream 

conditions at the start of (or for any time up to four years before) a conflict event. There 

is not enough data to suggest that conflict is associated with drought conditions in the Rio 

Grande basin.  
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Pecos River Basin 
  
 
Table 19.  Stream conditions, mean annual streamflow value (cfs), and conflict start 

year for the Pecos River basin (n=13). *N= 67 years of data, extremely 
wet years account for only two years. 

 

Basin Year Stream Condition 
Mean Annual Flow 

Value (cfs) 
No. of 

Conflicts 
P 1956 Average 144.6 3 
P 1958 Wet 262.6 2 
P 1969 Average 159.4 1 
P 1972 Average 135.8 1 
P 1974 Wet 243.9 1 
P 1976 Dry 71 1 
P 1994 Wet 185.6 1 
P 1996 Wet 178.6 1 
P 2000 Average 168.1 1 
P 2003 Dry 77.3 1 

 
 

The above table is similar to the first table presented in the Rio Grande basin. In this 

table, stream conditions are shown for every year of a conflict event. Along with the 

stream classification type is the actual flow value from the appropriate gaging station. 

Note that some years have multiple conflicts beginning in the same year (specifically, 

1956 and 1958). For all conflicts in the Pecos River basin (n=13), two of them occurred 

during dry conditions, six conflicts occurred during average conditions, and five conflicts 

occurred during wet conditions. No conflicts occurred during extremely wet conditions. 

If low flow (or dry) stream conditions are considered a driver of conflict then the 

majority of conflicts should be associated with this condition. Similar to the visual 

analysis, conflict years are not specific to any one type of stream condition. In fact, the 
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majority of conflicts in this analysis occur during average years. The fact that average 

and wet condition years are both more than double the number of conflicts with dry 

conditions, suggests that dry conditions are not a factor in the onset of conflict. This 

evaluation is limited however, to an evaluation of the current year condition. The 

following tables present stream conditions for each of the four years preceding a conflict 

event.   

Table 20. Streamflow conditions prior to the start of a conflict for all conflicts in the 
Pecos River basin (n=13). Conditions are abbreviated D, dry; A, average; 
W, wet; EW, extremely wet.  

Pecos River Years Prior to Conflict 
Basin Conflict Start Date 1 Year 2 Years 3 Years 4 years 

P 1956 D D EW W 
P 1956 D D EW W 
P 1956 D D EW W 
P 1958 EW W A D 
P 1958 EW W A D 
P 1969 D W D D 
P 1972 D A D D 
P 1974 D D A W 
P 1976 A W W D 
P 1994 D W W W 
P 1996 W W W W 
P 2000 W W W A 
P 2003 A A A D 

 
 
Table 21. Percent occurrence for each stream condition type for years prior to 

conflict event in the Pecos River basin.  *N= 67 years of data, extremely 
wet years account for only two years. 

Pecos River 
Years Prior to Conflict 

 1 Year 2 Years 3 Years 4 years 
Dry = 54% 31% 15% 46% 

Average = 15% 15% 31% 8% 
Wet = 15% 54% 31% 46% 

Extremely Wet* = 15% 0% 23% 0% 
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In the visual evaluation of conflict and annual stream flow (Part A), there was no trend in 

the data to suggest an association between stream condition type and conflict events. 

Conflicts occurred both above and below the moving average as well as the overall 

average (across all years). This is further supported by the initial stream classification 

(Part B) where 46% of conflicts occurred during average stream conditions. 38% of the 

conflicts occurred in wet stream conditions and only 15% of conflicts occurred in dry 

conditions.  

 

As noted for the Rio Grande, classification of dry, average, and wet years were evenly 

split across all years of available data in the Pecos River basin. The percentages of these 

three types of stream conditions prior to a conflict year are representative of the whole. 

However, extremely wet years only account for two years of data and are therefore are 

not representative when averaged across years prior to conflict (and not further discussed 

for this reason). Analysis of stream condition types for each of the four years preceding a 

conflict reveals a slightly different picture that the two previous evaluations in this basin. 

One year before a conflict event begins, a little over half (54%) of the conflicts occur 

during dry conditions (average and wet conditions are equally shared at 15%). Two years 

before a conflict event, wet conditions are the dominant stream condition type at 54% 

(dry conditions = 31% and average conditions = 15%). Three years before a conflict 

event average and wet conditions are equal at 31% (dry conditions =15%). Four years 

prior to a conflict dry and wet conditions account for almost half of all conditions prior to 

conflict events (both dry and wet are at 46% and average conditions = 8%).  
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The evaluation of stream conditions prior to conflicts reveals that stream condition type 

does matter in the Pecos River basin. However, it is not limited to dry conditions (which 

were dominant in the first and fourth year before a conflict event). The data implies that 

wet conditions are also important in this basin (they were prevalent two and four years 

before a conflict event). As discussed previously, wet conditions also present a 

management concern. The storage of flood waters as well as the release of water during 

wet years requires considerable forethought and coordination to ensure that safety is 

maintained, compact obligations are met, and rights holders will be served the following 

dry season. A large number of the conflicts in this basin are about the dueling accounting 

methods used to determine stateline delivery obligations and water owed. Dry or wet 

conditions, both dominant in one or more years prior to a conflict, may exacerbate the 

struggle over the inflow-outflow model.   

 

Costilla Creek Basin 
 
Table 22.  Stream conditions, mean annual streamflow value (cfs), and conflict start 

year for the Costilla Creek basin (n=5). 

Basin Year Stream Condition 
Mean Annual 

Flow Value (cfs) No. of Conflicts 
C 1938 Wet 15.4 1 
C 1950 Dry 3.84 1 
C 1954 Average 8.74 1 
C 1960 Dry 5.29 1 
C 1996 Dry 5.68 1 
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The first table is the same as the first tables presented for the Rio Grande and Pecos River 

basins. In this table, stream conditions are shown for every year of a conflict event. Along 

with the stream classification type is the actual flow value from the appropriate gaging 

station. In the Costilla Creek basin, there are a total of five conflicts, each occurring in a 

different year.  
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Table 23. Streamflow conditions prior to the start of a conflict for all conflicts in 
Costilla Creek basin. Conditions are abbreviated D, dry; A, average; W, 
wet; EW, extremely wet. Streamflow values for Costilla basin are only 
available back to 1937, leaving the conditions for three years prior to the 
conflict in 1938 missing data.  

 
Costilla Creek  Years Prior to Conflict 

Basin Conflict Start Date 1 Year 2 Years 3 Years 4 years 
C 1938 W --- --- --- 
C 1950 D D A A 
C 1954 D D W A 
C 1960 D EW A A 
C 1996 W W W W 

 
 
Table 24. Percent occurrence for each stream condition type for years prior to a 

conflict event in the Costilla Creek basin. For the Costilla basin, extreme 
wet years account for two years of mean annual streamflow data. *N= 70 
years of data, extremely wet years account for only two years. 

 
Costilla Creek 

Years Prior to Conflict 

 1 Year 2 Years 3 Years 4 years 
Dry = 60% 50% 0% 0% 

Average = 0% 0% 50% 75% 
Wet = 40% 25% 50% 25% 

Extremely Wet* = --- 25% --- --- 
 
 

The Costilla Creek basin has the lowest number of overall conflicts, making it difficult to 

generalize about conflicts and stream condition types. It is a small creek used primarily 

for agriculture in rural counties. There are no large population centers in the basin. In Part 

A, the visual evaluation of streamflow and conflict years, the data implied that stream 

conditions were important indicators for conflict events in the basin.   
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In the initial analysis of Part B, stream classification types (dry, average, wet) and 

conflict events, dry conditions were the most frequently occurring (in three of the five 

total cases). This too supports the trend which suggests that dry conditions are linked to 

conflict in this basin.  

 

As noted for the other two basins, the classification of dry, average, and wet years were 

evenly split across all years of available data in the Costilla Creek basin. The percentages 

of these three types of stream conditions prior to a conflict year are representative of the 

whole. However, extremely wet years only account for two years of data and are 

therefore are not representative when averaged across years prior to conflict (and not 

further discussed for this reason). In this second evaluation, dry conditions were the 

dominant stream condition type one and two years before a conflict event. This too 

suggests a link between stream conditions and the onset of conflict. 

In a small basin with incredibly low flows year round, management is even more 

susceptible to concerns and conflicts when dry years occur. All evaluations, both visual 

and categorical, suggest that dry conditions are linked to the onset of conflict in the 

Costilla Creek basin.  

 

All Basins 
One final attempt to understand the relationship between stream conditions and conflict 

events is to generalize across basins. There are 38 conflicts across the three basins (minus 

the three conflicts from the Rio Grande which occurred prior to the availability of 
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streamflow records). The cumulative stream condition types occurring at each conflict 

event are shown below. Average conditions are the dominant stream condition type, 

accounting for 40% of all conflicts. This evaluation does not lend itself toward a concrete 

conclusion to link the onset of conflict to a specific stream condition type. In fact, 

surprisingly, wet conditions occur more frequently than dry conditions (at 32% and 26% 

respectively).  

Table 25.  A summary of the stream condition types occurring at each conflict start 
year for all conflicts (n=38).   

 
Stream Condition Total Number of Conflicts 

Dry 10 
Average 15 

Wet 12 
Extremely Wet 1 

 
Yet another way to evaluate whether dry stream conditions are linked to the start of a 

conflict is to calculate the number of dry years that occurred, on average, during the four 

years prior to a conflict event. For both the Rio Grande and Costilla Creek, dry 

conditions, on average occurred only once before a conflict event. In the Pecos River 

basin, dry conditions occurred slightly more frequently, at 1.6 times, on average, before 

the four years prior to a conflict event.  

 

In both of these generalized evaluations analyzing across basins eradicates all of the 

variability shown when looking only within the basin. The work by Wolf et al. (2003B) 

suggests that conflict is only weakly linked to physical conditions such as streamflow. In 

this global evaluation of all conflicts and across the three basins, it is easy to support this 
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conclusion.  A summary of stream condition types shows that average conditions are the 

most common stream condition type for conflict events.  Furthermore, dry conditions 

happen on average less than twice in the four years preceding a conflict. These two 

evaluations imply that conflict is not associated with dry stream conditions. This 

evidence suggests that conflict is associated with average stream conditions.  

 

However, this global evaluation eradicates all of the variability shown when analyzing 

each basin alone. Each basin had a unique, context specific outcome. The Rio Grande 

evidence did not suggest that any particular type of stream condition affected the onset of 

conflict, stream conditions were important in the Pecos River and Costilla Creek basins. 

In the Pecos River basin, the data suggests that both wet and dry conditions are linked to 

the onset of conflict. In the Costilla basin, all analyses suggested an association between 

stream condition types and conflict events.   

 

One reason that these patterns occur relates directly to the amount of annual streamflow 

of each river. The Rio Grande has the largest annual streamflow of the three rivers. 

Conflicts did not appear to be associated with any one specific type. Because of the 

generally larger amount of streamflow, conflicts are not tied directly to the quantity of 

streamflow available but rather are tied to other management issues. In the Pecos River 

basin, average annual streamflow is less than half of the streamflow in the Rio Grande. 

Conflicts in this basin are linked with dry or wet conditions. The dearth or excess of 

water exacerbated the struggle over the accounting methods used between the states. In 
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the Costilla Creek basin, average annual streamflow is one-tenth that of the Pecos River. 

In this basin, every drop matters and the majority of conflicts occur in or directly follow 

dry stream conditions.  

 

These results are similar to all aspects of water management – it is context specific with 

unique circumstances applying every step of the way. While global evaluation seems to 

show that conflict is not associated with the physical system, the evidence presented here 

shows that a more refined analysis is required to accurately portray the unique interaction 

between stream condition and conflict event.  
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3. WATER USE  

Introduction & Methods 
Increasing water demand is an oft considered factor for conflict events. It is self evident 

to think that as demand increases water is re-distributed to an increasing population and 

potentially higher economic or beneficial uses. One way to better evaluate this hypothesis 

is to evaluate actual water use, measured in terms of ground and surface water 

withdrawals against the onset of conflicts. The hypothesis is that occurrence of conflict is 

associated with increased water demand.  

 

Water use records include the 1985 to 2000 time period. Data was gathered for each basin 

at the county level from USGS water use data records available on-line (2008). Counties 

corresponding to each basin follow the previously established list and were originally 

gathered from both compact documents and the U.S. Environmental Protection Agency 

county listing based off the relevant hydrologic unit code boundaries. The limited time 

frame of the water use records reduces the number of conflicts in each basin. All conflicts 

that occurred five years before and after the final date of water use records were included 

in this evaluation (1980-2005). The total number of conflicts in this time frame includes 

sixteen conflicts in the Rio Grande, four in the Pecos basin, and one in the Costilla basin.  

 

Water use records also contain population counts at the county level. These records were 

cross referenced with U.S. Census Bureau records for validity. Population is shown in 

this evaluation solely as a reference for water use demand patterns. 
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Rio Grande Basin 
 
Table 26. Conflict dates, duration, basin location and project specific identification 

numbers for the Rio Grande basin for 1980-2005. This table represents all 
conflicts that occurred five years before and after the dates of available 
USGS water use records. 

 
Conflict ID Basin Location Start End 

198 Upper 1987 1994 
201 Upper 1998 1998 
200 Upper 2000 2002 
146 Middle 1983 1996 
145 Middle 1990 1991 
158 Middle 1994 On-going  
155 Middle 1996 2004 
156 Middle 1999 2003 
159 Middle 1999 2005 
157 Middle 2001 2002 
144 Middle 2003 2003 
140 Lower  1983 1984 
199 Lower  1988 2001 
147 Lower  1993 2002 
149 Lower  1997 2002 
139 Lower  2004 2005 
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Figure 22. Total surface and ground water withdrawals in the upper, middle, lower, 

and total Rio Grande basin from 1985-2000. Data from the USGS Water 
Use records (http://water.usgs.gov/watuse/data/2000/index.html).  

 

Total water withdrawals incorporate all water use types including domestic, public, 

irrigation, industrial, and thermoelectric uses. It would be better to use percent change to 

evaluate trends in the data, however to keep as much data as possible, only raw numbers 

were used. At this scale, irrigation withdrawals account for almost all the surface and 

ground water use and hence are not shown in graphical form but are encompassed in the 

total withdrawal records. Reviewing overall water use for the entire basin does not 

provide a clear picture of the variability within the basin. Evaluating use by basin 

division (upper, middle, lower) more clearly shows the respective levels of overall use 

and variability within each region. From 1985 to 1995 there is a marked increase in the 
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overall water withdrawn in each region, particularly in the upper basin. After 1995, total 

withdrawals decrease in the upper and lower basins. Use in the middle basin generally 

remains consistent with the previous period.   

 

Nine conflicts begin after 1995, the period immediately following the peak in total water 

withdrawals. Of those conflicts, five were in the middle basin. These conflicts are 

connected to the period when total ground and surface water withdrawals peaked across 

the basin.   

 

Total Water Withdrawals and Population Growth
 in the Middle Rio Grande Basin
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Figure 23. Total ground, surface, and overall withdrawals measured in  
millions of gallons per day and population growth in the Middle Rio Grande 
basin. 

 
After the peak of water use in 1995, ground water withdrawals in the middle Rio Grande 

decline (From 1995 to 2000, groundwater use declines 36 million gallons per day (mgd)). 

Surface water withdrawals, level out at nearly the same amount between 1995 and 2000 
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(surface water declined approximately 0.10 mgd). This leveling off was not captured 

when ground and surface water withdrawals were combined. Population growth 

continues to expand even while overall water withdrawals decline after 1995.  

 

The Rio Grande is the primary water resource for southern Colorado, Central New 

Mexico, and West Texas. There are over 1 million acres of irrigated land and several 

large cities such as Santa Fe, Albuquerque, and El Paso relying on water deliveries from 

this river (Booker & Ward, 1999). During dry years the Rio Grande can become 

completely dry due to the high number of users dependent upon its’ supply for irrigation. 

The various water projects (dams, reservoirs, canals, etc.) that comprise the Rio Grande 

system are operated primarily by two agencies, the U.S. Bureau of Reclamation and the 

Army Corps of Engineers. The agencies have differing directives, one for water supply 

and the other for flood control, respectively. The agencies maintain a variety of contracts 

with water users of all types. As a result of the varied contracts (in addition to interstate 

compact obligations to downstream Texas) dry years could leave a large stretch of the 

river devoid of any water (Booker & Ward, 1999). This was exactly the case in the mid-

1990s for the Middle Rio Grande when water use was increasing but streamflow levels 

were only just returning to overall average flow levels.  

 

The increase in water use (and therefore lack of water in the stream channel) was the 

primary cause of decline for the native fish, the silvery minnow. Critical habitat for the 

minnow is located in the middle Rio Grande approximately 100 miles of the systems’ 



142 

 
 

largest reservoir, Elephant Butte reservoir (ibid). The increase in water use also 

contributed to the decline of riparian habitat in the middle Rio Grande. In 1994, the 

Silvery Minnow was listed as endangered and in 1995, the Southwestern Willow 

Flycatcher, dependent on the riparian habitat of the Rio Grande was listed as endangered.  

The listing was pivotal for water management in the entire Rio Grande system as the 

three states now must incorporate federal mandates into overall management strategies 

(Booker & Ward, 1999). Conflict followed the listing of the two species pitting 

agriculture against the environment. A New Mexico environmental organization working 

in the interest of the endangered species, monitored operations in the middle Rio Grande. 

They believed that certain water users in the middle Rio Grande were using water beyond 

their held right and using water inefficiently. Their claim was that these acts were both 

wasteful and illegal. In 1999, this organization sued to protect both species in an oft cited 

lawsuit titled Minnow et al. v. Keys (2002, 2003).  Water use declined after 1995, in 

direct response to the uncertain but changing requirements in consideration of the 

endangered species. 

 

The issues surrounding how to best address endangered species protection needs are 

intertwined with operational strategies in the Rio Grande. All Bureau of Reclamation 

water contracts, which outline the rules of water delivery obligations between agency and 

user, include a liability clause. This liability clause allows the Bureau, in times of 

extreme drought or other causes, to modify the overall amount of delivery to users if 

necessary. The conflict regarding how best to deal with the minnow’s need included 
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whether or not the agency maintained enough discretion to use the liability clause in 

contracts to protect the species. The Minnow et al. v. Keys court decision asserted that the 

Bureau of Reclamation did retain enough discretion to alter contract obligations and 

deliveries in order to protect the two endangered species. The decision was precedent 

setting and could impact other Bureau of Reclamation projects across the nation. 

Controversy ensued and seven western states, various water associations, and other 

groups wrote letters to Congress to reevaluate the decision. In 2003, Congress passed a 

rider which prohibited the use of Bureau of Reclamation water to meet endangered 

species requirements in the Rio Grande basin.  

 

In 2004, Congress approved funding for a collaborative program, the Middle Rio Grande 

Endangered Species Act Collaborative Program, to address the recovery and protection of 

the two endangered species. Additionally, the program is an effort to address future 

conflicts over the protection of these species while avoiding litigation.  Program 

directives include managing species to protect and expand silvery minnow populations, 

restore habitat, and secure funding to acquire water rights for instream flow needs for the 

endangered species (Collaborative Program). The program continues today with twenty 

signatories to the program including city, county, federal, pueblo, environmental and 

university organizations (USFWS, 2008). 

 

The struggle for the protection of the endangered species in the Rio Grande continues. In 

2005, the city and county water authority in Bernalillo, New Mexico as well as 
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environmental groups and several parties involved in the Silvery Minnow v. Keys lawsuit 

signed a settlement agreement which created an environmental water pool for the 

protection and restoration of the silvery minnow and southwestern willow flycatcher.  

 

These conflicts are directly linked to the trends in water use. The climb in water use in 

the early 90’s (with peak use in 1995) led to the dewatering of the stream channel and 

decimation of the silvery minnow. The silvery minnow and southwestern willow 

flycatcher were listed at this time. Following 1995, water use in the Rio Grande declined. 

This is a result of the new federal mandate for species protection. While use in the middle 

basin only levels after 1995, the sharp decline in use across the basin provides a clear 

connection to the endangered species listings and subsequent law suit. 
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Figure 24.  Water use (ground, surface, and total withdrawals) in millions of gallons 

per day and population growth in the Upper Rio Grande Basin from 1985-
2000.  

 
 
Surface and ground water withdrawals in the upper basin have an inverse relationship, as 

surface water use decreases, ground water use increases. The increase in groundwater use 

after 1995 was not revealed when looking at total withdrawal for this region. The 

dynamics of the inverse relationship between surface and groundwater use are reflected 

in the three conflicts that occur in the region during the 1985-2000 time period. The three 

conflicts (beginning 1987, 1998, and 2000) all began during times of increasing 

groundwater withdrawals.  
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The San Luis Valley is a closed basin located in the arid high desert of eastern Colorado 

and New Mexico. Population is less than 150,000 in the eleven counties comprising the 

upper basin. Water users rely not only on surface water but on a large underlying aquifer 

in the basin. The three conflicts in the upper basin all relate to the proposed export of 

groundwater supplies. 

 

In 1987 a private development company purchased a 100,000 acre plot in the San Luis 

Valley claiming water rights (and the associated seniority) back to Treaty of Guadalupe 

Hidalgo. Plans were to develop the water underlying the land for export within the state. 

The company lost in Colorado state court. The following year, a parallel conflict erupted 

relating to a ballot initiative that would allow groundwater export. San Luis Valley water 

users rely on the permanence of the aquifer and allowing export could place the aquifer at 

risk.   

 

The San Luis Valley is well known for Sand Dunes National Monument. Hydrology in 

the monument relies on complex relationship between an intermittent stream and large 

underlying aquifer. Before 2000, the monument relied on the scarce water available from 

the stream/aquifer interactions. A long standing monument, the U.S. government moved 

to protect the park by turning it into a National Park in 2000. However, the future of the 

unique area could not be certain unless additional the security of water resources could be 

ensured. A large privately held and adjacent ranch was a key component for the evolution 

of the monument as it stood over the aquifer. Some of the contributing owners of the 
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ranch were the driving force behind the earlier ballot initiatives to export groundwater. 

For the park to be protected in perpetuity, the ranch needed to be included as part of the 

park.  

 

The landowners and federal government met to discuss a possible purchase of the ranch 

property. The diverse expectations of the private landowners resulted in failed 

discussions. As a result, a federal lawsuit was filed to determine the rights of all 

stakeholders. However, before a decision was reached, the landowners filed for 

foreclosure on the property. The foreclosure halted the lawsuit and opened the property 

for purchase. The Nature Conservancy purchased the property and worked with the 

federal government to incorporate the ranch into the newly formed National Park.  

 

A brief review of the context of the conflicts in the upper Rio Grande clearly shows a 

relationship between groundwater use and conflict. In the upper section of the basin, 

water is more constrained and limited because of the characteristics of a closed basin. 

When surface water supplies are scarce, users in this region increase their groundwater 

use and vice versa; in wet years, users rely more heavily on surface water. The reliance 

on this relationship increases the need for security of available resources. Hence the 

conflicts, which erupted during times of increasing groundwater use, are linked together 

by users aiming to preserve the resource within the basin.  
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Pecos River Basin 
 
Table 27. Conflict dates, duration, basin location and project specific identification 

numbers for the Rio Grande basin for 1980-2005. This table represents all 
conflicts that occurred five years before and after the dates of available 
USGS water use records. 

Conflict ID Basin Location Start End Duration 
217 Upper 1994 2004 11 
204 Middle 1996 1998 3 
210 Middle 2000 2001 2 
213 Middle 2003 2007 5 

 
 
Water use data for the lower Pecos River basin was not available for the year 2000. This 

does not impact conflict events (no conflicts occurred in the lower basin during this time 

frame) but presents an incomplete time series for the lower basin.  
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Figure 25.  Total water withdrawals for the upper, middle, and lower Pecos River 

basin including population growth for the entire basin from 1985 to 2000. 
Data from USGS water use records. Missing data from USGS for water 
use records for the lower basin in the year 2000.  
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Three of the four Pecos River conflicts are focused on the clarification of water rights and 

are not directly connected to water use at or before their onset. The conflict that occurred 

in 1994 is on a major tributary to the Pecos River, the Gallinas River. It centered on the 

application of the pueblo rights doctrine in the State of New Mexico and dates back to a 

previous court decision (1958) which determined the seniority of pueblo rights for one 

town. The 1994 conflict clarified the courts’ decision and merged it into the state’s 

existing doctrine of prior appropriation.  

 

This conflict does occur at the peak period of water withdrawals in the upper basin. 

However, its origins pre-date the water use records (based on the link to the 1958 court 

decision). It is not directly connected to the increasing use in the basin simply because it 

was a clarification on the date of a right. The clarification of the date of a right does not 

affect water use patterns; it affects the hierarchy of water users (aka rights holders). As an 

aside, it could be argued that clarification of senior rights is indeed linked to water use 

based on the hierarchical nature of the doctrine of appropriation. Seniority, under this 

doctrine, provides more guarantee that water supplies will not be cut short in time of 

lower annual streamflow. The older the right, the more seniority it has in this system. 

Defining the seniority of any particular right provides a higher level of confidence with a 

particular rights holder and therefore is an important aspect of a water right under this 

doctrine. This is an abstract and indirect way to link water use to a conflict and it is not 

clear from this particular case that this was the situation. 
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The second conflict, in 1996, occurred in the middle basin and was also focused on the 

clarification of water rights. A local mining company intended on selling water rights in 

order to utilize the sale funds to export water from the area. Pressure from local users 

escalated the conflict to a lawsuit in state court. The conflict was dismissed in court. No 

further action for the possible sale of rights continued. This conflict occurred when water 

use in the middle basin was beginning to decline. There is no reason to speculate that the 

conflict was linked to water use in the basin. The final conflict for the Pecos River basin 

began in 2003 and was linked to the final terms of a general adjudication. Adjudication is 

the process used to define and quantify water rights for all users in a given area. Water 

use in the basin was in a generally declining pattern at this time. This conflict is more 

likely tied to the increase in population rather than the decline in water use.  

 

Because all three conflicts were linked directly to the clarification of held or future water 

rights, it is difficult to imply that they are connected to water use patterns in the basin. 

Only through a closer examination of water use patterns and the underpinnings of each 

conflict would any conclusion on a possible association be possible; and even then the 

link would be indirect.  

 

Costilla Creek Basin 
Four of the five total conflicts in the Costilla Creek basin occurred prior to the 

availability of water use records. One conflict falls within the relevant time period and is 

discussed briefly below. 
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Irrigation surface and ground water withdrawals account for almost all withdrawals in the 

Colorado portion of the basin. There is a sharp decline in total water withdrawals 

between 1995 and 2000.  In New Mexico, surface water used is also primarily used for 

irrigation purposes but also accounts for domestic and industrial purposes (both publicly 

served and self-supplied).  
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Figure 26.  Total ground, surface, and overall water withdrawals for the Colorado 
portion of the Costilla basin from 1985-2000. Population (in thousands) is 
on the right hand axis. 
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Figure 27.  Total ground, surface, and overall water withdrawals for the New Mexico 

portion of the Costilla basin from 1985-2000. Population (in thousands) is 
on the right hand axis. 

 
 

In Colorado, water use in the Costilla Creek basin experiences steep declines from 1985 

to 1990 and from 1995 to 2000. In the New Mexico portion of the basin, water use was at 

its’ highest (on record) in 1980 and declines slowly to 2000. Since Costilla Creek is 

tributary to the Rio Grande it is plausible that the decrease in use in Colorado after 1995 

is tied to the endangered species listings on the main stem of the Rio Grande, however 

this is tentative. Only one conflict, in northern New Mexico, occurred during this time 

period but it is not directly associated with water use.   

 

In 1996, an environmental organization in New Mexico begins putting pressure on the 

Costilla Creek compact commission for more efficient, equitable, and environmentally 
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responsible management of the river. Specifically, increase the amount of water available 

downstream and reduce sediment levels in the creek. They aimed to have the formal 

operations manual for the creek updated to include better protection for endangered 

species, the riparian corridor, and improved management for all users.  The conflict was 

settled by the compact commission in 1999 (resolution included an updated operations 

manual).   

 

All Basins 
Population growth and changes in water use patterns are inextricably linked. In the Rio 

Grande, it is clear that both of these issues are closely associated with conflict events. 

Positive population growth was tied to both the overall number and frequency of conflicts 

in the basin. Logically following this association, one would expect to find that conflicts 

were then also tied to specific patterns of water use. In the middle basin, there was a 

small lag between years of high water use and conflicts. A review of the issues and 

conflicts surrounding the newly listed species of concern shows a clear association 

between water use and the onset of conflict. The minnow and the flycatcher both depend 

on the water and habitat surrounding the Rio Grande. At the time of increasing and peak 

use, the stream went dry and the adjacent habitat suffered. As a result, these two species 

were imperiled. The struggle to address their restoration and protection is embodied in 

the conflicts of that time period. Given the inverse relationship between surface and 

groundwater use in the arid upper Rio Grande, users continue to seek reassurance of their 

somewhat limited supplies. Conflicts in this region all occurred during times of 

increasing groundwater use over the potential export of these supplies. The previous 
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context of conflicts in both these regions of the Rio Grande clearly illustrates the link 

between water use and conflicts for this basin.  

 

In the Pecos River basin, the evaluation of water use and conflict events did not show a 

clear link between the two variables. Clarification of existing rights and determining (or 

challenging) the accurate seniority date is tied to any rights holders’ ability to develop 

uses for their water allotment. An older seniority date ensures that a user is less likely to 

be cut short their full allotment in times of drought. An older seniority date allows more 

confidence in annual supply. Curtailment of water supplies by decreasing allotments to 

water rights holders is typically a measure of last resort. Because of the amount of time 

required to assess and determine historical rights, it is also not a tactic used in short term 

planning. For the 1985-2000 time period, conflicts in the Pecos River basin are not linked 

to any specific patter of water use.  The only conflict in the Costilla Creek basin covered 

during this time period does not show any correlative link to patterns of water use.  

 

The original hypothesis for this evaluation was that the occurrence of conflict is 

associated with increased water use. As seen by the review and context provided for each 

basin, it is difficult to generalize this statement for all water related conflicts. The 

variation of situations, issues, and needs for each specific basin make the relationship 

between water use and the onset of conflict complicated. In the Rio Grande, there is a 

very clear link between water use patterns and the onset of conflict. However, for the 

Pecos River and Costilla Creek, the evidence does not support this hypothesis. In these 
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basins, other factors play a larger role in the onset of conflict than overall water use 

patterns.   
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CONCLUSION 
 

The work by Wolf et al., (2003B) found that physical changes in international river 

basins were not important indicators of conflict events. In addition, their work is also the 

first research that systematically uses a GIS framework to evaluate water related conflict 

in transboundary settings. Looking to evaluate the association of the physical system to 

conflict events as well as the use of GIS for water related conflict, their work served as 

the foundation of this research. Several variables were evaluated in this research that 

encapsulated the physical change to understand if this relationship was valid for smaller 

transboundary settings (i.e. interstate river basins). This included analysis of conflict 

events through time, population change, mean annual streamflow, categorized stream 

conditions, as well as patterns of water use.  

 

The general characterization of conflict served as a contextual backdrop for analysis. 

Contrary to popular belief, the number of conflicts that were found in each of the basins 

was surprisingly low.  Conflict over water resources seems to permeate every aspect of 

media; the internet, newspapers, television, academic journals, and beyond. From these 

sources, it appears that conflict over water resources occurs in every river basin both 

locally in the U.S. and globally.  It is so highly publicized that the occurrence of conflict 

(both historical and current) over water are considered a well established fact. But this 

research shows the opposite. While predictions of water related conflict and even war 

have been made in many forums, there has only been one documented war over water 
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resources (see Wolf et al. 2003A,B for a complete discussion). Research by Wolf et al. 

has shown that cooperation between neighboring countries is the norm with over 3,000 

water related agreements made in the last 1,100 years (2003B).  

 

Considering the media attention and general “understanding” of conflict as a part of life, 

the original expectation for this research was that a large number of conflicts would be 

found within each basin. However, as in the case with international river basins, conflict 

is not as common as one would expect. Far fewer conflicts were found than originally 

expected. The conflicts found in each of the three basins vary in issues, involved parties, 

intensity and scale. Like most aspects of water management they are context specific and 

varied based on their unique histories and environments.  

 

GIS was a valuable tool to evaluate the geography of conflict through time in the Rio 

Grande and Pecos River basins. In the Rio Grande, conflicts do not exhibit complete 

spatial randomness. In fact, conflicts moved upstream through time, and increased 

dramatically in scale over the last twenty years. The upstream movement of conflict may 

point to the lower basin as an important location for management efforts to thwart future 

conflict. In the Pecos River basin, the location of conflict events through time does not 

reveal any specific spatial pattern.  The second evaluation using GIS focused on the 

association between conflicts (both in number and density) and population change. The 

working hypothesis was that conflict events are not associated with population change. In 

the Rio Grande, conflicts, both the overall number of events and the density of conflicts, 
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are clearly associated to population growth. In the Pecos River basin, conflicts are 

associated with population change but the relationship between the variables is complex 

and requires further examination. 

 

To assess whether the physical system contributed to the onset of conflict in these basins, 

several methods were used to understand potential relationships. Visual analysis of 

conflicts in relation to overall mean annual streamflow, five year moving average (of 

streamflow), and classification of stream conditions at and prior to each conflict event 

provided multiple ways to evaluate potential relationships. The working hypothesis that 

conflict is linked to low (dry) streamflow conditions was not supported in the Rio Grande 

basin. In the Rio Grande, average conditions were more frequent than dry conditions at 

the onset and before a conflict event. In the Pecos River basin, both wet and dry 

conditions were associated with conflict events. This underlines the importance of 

extreme events on both spectrums of the physical system. More extreme events, whether 

wet or dry, associate with conflict, as opposed to the typical assumption of water scarcity 

producing conflict. In the Costilla Creek basin, all evaluations led to the conclusion that 

dry conditions are important factors for the onset of conflict events in this basin.  Another 

way to assess the relationship between the physical system and conflict is to evaluate 

patterns of water use in each basin. In the Rio Grande, providing the context of conflict 

events during the period of record clearly reveals the association between conflicts and 

water demand. In the Pecos River basin, conflicts were not directly related to patterns of 

water use. The majority of conflicts in the Costilla Creek basin occurred prior to the 



159 

 
 

availability of water use records. The one conflict that occurred during this time frame 

was not associated with water use in this basin. 

 

These results reveal that every basin has a unique set of relationships with each of the 

evaluated variables. The strength of the relationships varies by basin. Contrary to the 

findings in international basins, in interstate settings one must consider the importance of 

the relationship with the physical system. In the Rio Grande, the association between 

conflict and population change was strong. Both the overall number and density of 

conflicts per county were impacted by positive population growth. In the Pecos River 

basin, both population loss and growth were associated with conflict at different times. 

The relationship is not as strong but the pattern is clearly seen. 

 

The three interstate river basins in this research share watershed boundaries, similar 

states, and two are tributary to the largest basin, the Rio Grande. At first glance, it may 

seem appropriate to generalize across basins. However, results reveal that generalizing 

indicators of conflict on a large scale loses the inherent variability and nuanced 

relationships that are seen through a basin-by-basin analysis. For example, the 

relationship between conflict and stream condition was clear when analyzed within each 

basin. Conflicts in the Rio Grande had no association with any specific type of stream 

condition. Conflicts in the Pecos River basin were associated with both dry and wet 

conditions. In the Costilla Creek basin, conflicts were associated with dry stream 
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conditions in each evaluation. These distinct relationships were lost when generalized on 

a large scale.  

 

There are limitations to this study specifically with regard to the total number of 

conflicts, aspects of the GIS analysis, and methods used to classify stream conditions. 

The first is the overall low number of observations (conflict events) found within each 

basin and in total. The low number of observations prevented the use of parametric 

statistical analysis techniques. Hence results represent trends in data, which have 

implications for the specific study area but limited applicability on a larger scale.  

 

Revisiting the idea of the modifiable unit areal problem, a change in scale may affect 

conflict dynamics and therefore change results of a GIS analysis. Choosing an 

appropriate scale to portray conflict in an objective and reproducible manner presented a 

formidable issue. Using the stream itself to portray conflict excludes conflicts not within 

or adjacent to the stream itself. Using a grid (raster format) to identify portions of 

counties or watersheds in conflict requires subjective decisions about the boundaries of 

each conflict event. Counties were chosen as the appropriate scale because of the ability 

of different individuals to retrieve identical information at this scale. Changing the scale 

to a smaller unit would require in-depth research of every conflict event and may not be 

reproducible by others. On the other hand, counties may be too large a scale to accurately 

portray the density and dynamics of conflict events. Using watersheds (instead of 

counties) may or may not improve this issue.  
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In addition, the application of GIS was completed in vector format. This format does not 

lend itself to statistical analyses as well as raster format. Working in vector data required 

an incredible amount of time cleaning and preparing data for use within this framework. 

In addition, joining tables and managing the cardinality of datasets may not be the most 

efficient way to analyze conflict in this setting. Raster format would allow for a more in-

depth examination of conflict events including the addition of other socio-demographic 

variables. Finally, the evaluation of conflict and population change did not take into 

account any lag period that may occur between changes in overall population and the 

onset of conflict.   

 

The classification scheme used to categorize stream conditions is not meant to re-create 

complex real world models. The results from this categorization were validated through 

the consistency of results from the multiple methods. However, other approaches may 

increase the accuracy of the categorization. Precipitation anomalies are used to gauge 

conditions within a basin. An analysis of conflict events and anomalies may provide a 

clearer picture of the dynamics between conflicts and climate. 

 

There are several future directions for this research including a more in-depth 

examination of findings and an additional application of GIS. Further examination of the 

dynamics of population change and conflict in the Pecos River basin may provide insight 

into how population change affects conflict in that basin. More specifically, what 
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happened that associated conflict with both population loss and growth in that basin? 

How did the evolution of conflicts types contribute to issues in the basin? Did the parties 

to the conflicts change? An additional application of GIS in raster format may provide 

more insight on conflict dynamics in each basin.  

 

Water managers continue face increasing pressure to deal with nested institutions 

including local, state, and federal regulations, increasing population and demands, 

competing uses, as well as uncertainty over long term climate change. In light of these 

diverse pressures, it is logical that research and policy development works at a broad 

scale to create generalized approaches to address management needs. As shown in this 

research, it is important to consider the highly nuanced and unique dynamics between the 

physical, social, and political relationships within each basin to successfully deal with 

management concerns. Water related conflict is like most aspects of water management - 

highly contextual and specific to its’ unique environment. Understanding the physio-

socio-political dynamics of a basin can help managers understand how best to focus 

management efforts to anticipate and address conflict before it becomes intractable.  
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APPENDIX A: RIO GRANDE INTERSTATE COMPACT 
 

RIO GRANDE COMPACT 
 
The State of Colorado, the State of New Mexico, and the State of Texas, desiring to 
remove all causes of present and future controversy among these States and between 
citizens of one of these States and citizens of another State with respect to the use of the 
waters of the Rio Grande above Fort Quitman, Texas, and being moved by considerations 
of interstate comity, and for the purpose of effecting an equitable apportionment of such 
waters, have resolved to conclude a Compact for the attainment of these purposes, and to 
that end, through their respective Governors, have named as their respective 
Commissioners: 
 
For the State of Colorado M.C. Hinderlider 
For the State of New Mexico Thomas M. McClure 
For the State of Texas Frank B. Clayton 
 
who, after negotiations participated in by S.O. Harper, appointed by the President as the 
representative of the United States of America, have agreed upon the following articles, 
to-wit: 
 

ARTICLE I 
 
(a) The State of Colorado, the State of New Mexico, the State of Texas, and the United 
States of America, are hereinafter designated Colorado, New Mexico, Texas, and the 
United States, respectively. 
 
(b) The Commission means the agency created by this Compact for the administration 
thereof. 
 
(c) The term Rio Grande Basin means all of the territory drained by the Rio Grande and 
its tributaries in Colorado, in New Mexico, and in Texas above Fort Quitman, including 
the Closed Basin in Colorado. 
 
(d) The Closed Basin means that part of the Rio Grande Basin in Colorado where the 
streams drain into the San Luis Lakes and adjacent territory, and do not normally 
contribute to the flow of the Rio Grande. 
 
(e) The term tributary means any stream which naturally contributes to the flow of the 
Rio Grande. 
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(f) Transmountain Diversion is water imported into the drainage basin of the Rio Grande 
from any stream system outside of the Rio Grande Basin, exclusive of the Closed Basin. 
 
(g) Annual Debits are the amounts by which actual deliveries in any calendar year fall 
below scheduled deliveries. 
 
(h) Annual Credits are the amounts by which actual deliveries in any calendar year 
exceed scheduled deliveries. 
 
(i) Accrued Debits are the amounts by which the sum of all annual debits exceeds sum of 
all annual credits over any common period of time. 
 
(j) Accrued Credits are the amounts by which the sum of all annual credits exceeds the 
sum of all annual debits over any common period of time. 
 
(k) Project Storage is the combined capacity of Elephant Butte Reservoir and all other 
reservoirs actually available for the storage of usable water below Elephant Butte and 
above the first diversion to lands of the Rio Grande Project, but not more than a total of 
2,638,860 acre feet. 
 
(l) Usable Water is all water, exclusive of credit water, which is in project storage and 
which is available for release in accordance with irrigation demands, including deliveries 
to Mexico. 
 
(m) Credit Water is that amount of water in project storage which is equal to the accrued 
credit of Colorado, or New Mexico, or both. 
 
(n) Unfilled Capacity is the difference between the total physical capacity of project 
storage and the amount of usable water then in storage. 
 
(o) Actual Release is the amount of usable water released in any calendar year from the 
lowest reservoir comprising project storage. 
 
(p) Actual Spill is all water which is actually spilled from Elephant Butte Reservoir, or is 
released therefrom for flood control, in excess of the current demand on project storage 
and which does not become usable water by storage in another reservoir; provided, that 
actual spill of usable water cannot occur until all credit water shall have been spilled. 
 
(q) Hypothetical Spill is the time in any year at which usable water would have spilled 
from project storage if 790,000 acre feet had been released therefrom at rates proportional 
to the actual release in every year from the starting date to the end of the year in which 
hypothetical spill occurs; in computing hypothetical spill the initial condition shall be the 
amount of usable water in project storage at the beginning of the calendar year following 
the effective date of this Compact, and thereafter the initial condition shall be the amount 
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of usable water in project storage at the beginning of the calendar year following each 
actual spill. 
 

ARTICLE II 
 
The Commission shall cause to be maintained and operated a stream gaging station 
equipped with an automatic water stage recorder at each of the following points, to-wit: 
 
(a) On the Rio Grande near Del Norte above the principal points of diversion to the San 
Luis Valley; 
 
(b) On the Conejos River near Mogote; 
 
(c) On the Los Pinos River near Ortiz; 
 
(d) On the San Antonio River at Ortiz; 
 
(e) On the Conejos River at its mouths near Los Sauces; 
 
(f) On the Rio Grande near Lobatos; 
 
(g) On the Rio Chama below El Vado Reservoir; 
 
(h) On the Rio Grande at Otowi Bridge near San Ildefonso; 
 
(i) On the Rio Grande near San Acacia; 
 
(j) On the Rio Grande at San Marcial; 
 
(k) On the Rio Grande below Elephant Butte Reservoir; 
 
(l) On the Rio Grande below Caballo Reservoir. 
 
Similar gaging stations shall be maintained and operated below any other reservoir 
constructed after 1929, and at such other points as may be necessary for the securing of 
records required for the carrying out of the Compact; and automatic water stage recorders 
shall be maintained and operated on each of the reservoirs mentioned, and on all others 
constructed after 1929. 
 
Such gaging stations shall be equipped, maintained and operated by the Commission 
directly or in cooperation with an appropriate Federal or State agency, and the equipment, 
method and frequency of measurement at such stations shall be such as to produce 
reliable records at all times. (Note: See Resolution of Commission printed elsewhere in 
this report.) 
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ARTICLE III 

 
The obligation of Colorado to deliver water in the Rio Grande at the Colorado-New 
Mexico State Line, measured at or near Lobatos, in each calendar year, shall be ten 
thousand acre feet less than the sum of those quantities set forth in the two following 
tabulations of relationship, which correspond to the quantities at the upper index stations: 
 
DISCHARGE OF CONEJOS RIVER 
Quantities in thousands of acre feet 
Conejos Index 
Supply (1) 
Conejos River at 
Mouths (2) 
 
100 0 
150 20 
200 45 
250 75 
300 109 
350 147 
400 188 
450 232 
500 278 
550 326 
600 376 
650 426 
700 476 
Intermediate quantities shall be computed by proportional parts. 
(1) Conejos Index Supply is the natural flow of Conejos River at the U.S.G.S. gaging 
station near Mogote during the calendar year, plus the natural flow of Los Pinos River at 
the U.S.G.S. gaging station near Ortiz and the natural flow of San Antonio River at the 
U.S.G.S. gaging station at Ortiz, both during the months of April to October, inclusive. 
(2) Conejos River at Mouths is the combined discharge of branches of this river at the 
U.S.G.S. gaging stations near Los Sauces during the calendar year. 
 
DISCHARGE OF RIO GRANDE EXCLUSIVE  
OF CONEJOS RIVER 
Quantities in thousands of acre feet 
Rio Grande at Lobatos less Conejos at Mouths (4) 
Rio Grande at Del Norte (3) 
200 60 
250 65 
300 75 
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350 86 
400 98 
450 112 
500 127 
550 144 
600 162 
650 182 
700 204 
750 229 
800 257 
850 292 
900 335 
950 380 
1,000 430 
1,100 540 
1,200 640 
1,300 740 
1,400 840 
Intermediate quantities shall be computed by proportional parts. 
(3) Rio Grande at Del Norte is the recorded flow of the Rio Grande at the U.S.G.S. 
gaging station near Del Norte during the calendar year (measured above all principal 
points of diversion to San Luis Valley) corrected for the operation of reservoirs 
constructed after 1937. 
(4) Rio Grande at Lobatos less Conejos at Mouths is the total flow of the Rio Grande at 
the U.S.G.S. gaging station near Lobatos, less the discharge of Conejos River at its 
Mouths, during the calendar year. The application of these schedules shall be subject to 
the provisions hereinafter set forth and appropriate adjustments shall be made for (a) any 
change in location of gaging stations; (b) any new or increased depletion of the runoff 
above inflow index gaging stations; and (c) any transmountain diversions into the 
drainage basin of the Rio Grande above Lobatos. 
 
In event any works are constructed after 1937 for the purpose of delivering water into the 
Rio Grande from the Closed Basin, Colorado shall not be credited with the amount of 
such water delivered, unless the proportion of sodium ions shall be less than forty-five 
percent of the total positive ions in that water when the total dissolved solids in such 
water of exceeds three hundred fifty parts per million. 
 

ARTICLE IV 
 
The obligation of New Mexico to deliver water in the Rio Grande at San Marcial, during 
each calendar year, exclusive of the months of July, August, and September, shall be that 
quantity set forth in the following tabulation of relationship, which corresponds to the 
quantity at the upper index station: 
DISCHARGE OF RIO GRANDE AT 
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OTOWI BRIDGE AND AT SAN MARCIAL 
EXCLUSIVE OF JULY, AUGUST AND 
SEPTEMBER 
Quantities in thousands of acre feet 
Otowi Index Supply (5) 
San Marcial Index Supply (6) 
100 0 
200 65 
300 141 
400 219 
500 300 
600 383 
700 469 
800 557 
900 648 
1,000 742 
1,100 839 
1,200 939 
1,300 1,042 
1,400 1,148 
1,500 1,257 
1,600 1,370 
1,700 1,489 
1,800 1,608 
1,900 1,730 
2,000 1,856 
2,100 1,985 
2,200 2,117 
2,300 2,253 
Intermediate quantities shall be comp uted by proportional parts. 
(5) The Otowi Index Supply is the recorded flow of the Rio Grande at the U.S.G.S. 
gaging station at Otowi Bridge near San Ildefonso (formerly station near Buckman) 
during the calendar year, exclusive of the flow during the months of July, August and 
September, corrected for the operation of reservoirs constructed after 1929 in the 
drainage basin of the Rio Grande between Lobatos and Otowi Bridge. 
6) San Marcial Index Supply is the recorded flow of the Rio Grande at the gaging station 
at San Marcial during the calendar year exclusive of the flow during the months of July, 
August and September. 
 
The application of this schedule shall be subject to the provisions hereinafter set forth and 
appropriate adjustments shall be made for (a) any change in location of gaging stations; 
(b) depletion after 1929 in New Mexico at any time of the year of the natural runoff at 
Otowi Bridge; (c) depletion of the runoff during July, August and September of 
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tributaries between Otowi Bridge and San Marcial, by works constructed after 1937; and 
(d) any transmountain diversions into the Rio Grande between Lobatos and San Marcial. 
Concurrent records shall be kept of the flow of the Rio Grande at San Marcial, near San 
Acacia, and of the release from Elephant Butte Reservoir to the end that the records at 
these three stations may be correlated. (Note: See Resolution of Commission printed 
elsewhere in this report.) 
 

ARTICLE V 
 

If at any time it should be the unanimous finding and determination of the Commission 
that because of changed physical conditions, or for any other reason, reliable records are 
not obtainable, or cannot be obtained, at any of the stream gaging stations herein referred 
to, such stations may, with the unanimous approval of the Commission, be abandoned, 
and with such approval another station, or other stations, shall be established and new 
measurements shall be substituted which, in the unanimous opinion of the Commission, 
will result in substantially the same results so far as the rights and obligations to deliver 
water are concerned, as would have existed if such substitution of stations and 
measurements had not been so made. (Note: See Resolution of Commission printed 
elsewhere in this report.) 
 

ARTICLE VI 
 

Commencing with the year following the effective date of this Compact, all credits and 
debits of Colorado and New Mexico shall be computed for each calendar year; provided, 
that in a year of actual spill no annual credits nor annual debits shall be computed for that 
year. In the case of Colorado, no annual debit nor accrued debit shall exceed 100,000 acre 
feet, except as either or both may be caused by holdover storage of water in reservoirs 
constructed after 1937 in the drainage basin of the Rio Grande above Lobatos. Within the 
physical limitations of storage capacity in such reservoirs, Colorado shall retain water in 
storage at all times to the extent of its accrued debit. In the case of New Mexico, the 
accrued debit shall not exceed 200,000 acre feet at any time, exceptas such debit may be 
caused by holdover storage of water in reservoirs constructed after 1929 in thedrainage 
basin of the Rio Grande between Lobatos and San Marcial. Within the physical 
limitations ofstorage capacity in such reservoirs, New Mexico shall retain water in 
storage at all times to the extent of its accrued debit. In computing the magnitude of 
accrued credits or debits, New Mexico shall not be charged with any greater debit in any 
one year than the sum of 150,000 acre-feet and all gains in the quantity of water in 
storage in such year. The Commission by unanimous action may authorize the release 
from storage of any amount of water which is then being held in storage by reason of 
accrued debits of Colorado or New Mexico; provided, that such water shall be replaced at 
the first opportunity thereafter. In computing the amount of accrued credits and accrued 
debits of Colorado or New Mexico, any annual credits in excess of 150,000 acre feet 
shall be taken as equal to that amount. 
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In any year in which actual spill occurs, the accrued credits of Colorado, or New Mexico, 
or both, at the beginning of the year shall be reduced in proportion to their respective 
credits by the amount of such actual spill; provided that the amount of actual spill shall be 
deemed to be increased by the aggregate gain in the amount of water in storage, prior to 
the time of spill, in reservoirs above San Marcial constructed after 1929; provided, 
further, that if the Commissioners for the States having accrued credits authorize the 
release of part, or all, of such credits in advance of spill, the amount so released shall be 
deemed to constitute actual spill. In any year in which there is actual spill of usable water, 
or at the time of hypothetical spill thereof, all accrued debits of Colorado, or New 
Mexico, or both, at the beginning of the year shall be cancelled. In any year in which the 
aggregate of accrued debits of Colorado and New Mexico exceeds the minimum unfilled 
capacity of project storage, such debits shall be reduced proportionally to an aggregate 
amount equal to such minimum unfilled capacity. To the extent that accrued credits are 
impounded in reservoirs between San Marcial and Courchesne, and to the extent that 
accrued debits are impounded in reservoirs above San Marcial, such credits and debits 
shall be reduced annually to compensate for evaporation losses in the proportion that 
such credits or debits bore to the total amount of water in such reservoirs during the year. 
 

ARTICLE VII 
 
Neither Colorado nor New Mexico shall increase the amount of water in storage in 
reservoirs constructed after 1929 whenever there is less than 400,000 acre feet of usable 
water in project storage; provided, that if the actual releases of usable water from the 
beginning of the calendar year following the effective date of this Compact, or from the 
beginning of the calendar year following actual spill, have aggregated more than an 
average of 790,000 acre feet per annum, the time at which such minimum stage is 
reached shall be adjusted to compensate for the difference between the total actual release 
and releases at such average rate; provided, further, that Colorado, or New Mexico, or 
both, may relinquish accrued credits at any time, and Texas may accept such relinquished 
water, and in such event the state, or states, so relinquishing shall be entitled to store 
water in the amount of the water so relinquished. 
 

ARTICLE VIII 
 
During the month of January of any year the Commissioner for Texas may demand of 
Colorado and New Mexico, and the Commissioner for New Mexico may demand of 
Colorado, the release of water from storage reservoirs constructed after 1929 to the 
amount of the accrued debits of Colorado and New Mexico, respectively, and such 
releases shall be made by each at the greatest rate practicable under the conditions then 
prevailing, and in proportion to the total debit of each, and in amounts, limited by their 
accrued debits, sufficient to bring the quantity of usable water in project storage to 
600,000 acre feet by March first and to maintain this quantity in storage until April 
thirtieth, to the end that a normal release of 790,000 acre feet may be made from project 
storage in that year. 
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ARTICLE IX 
 
Colorado agrees with New Mexico that in event the United States or the State of New 
Mexico decides to construct the necessary works for diverting the waters of the San Juan 
River, or any of its tributaries, into the Rio Grande, Colorado hereby consents to the 
construction of said works and the diversion of waters from the San Juan River, or the 
tributaries thereof, into the Rio Grande in New Mexico, provided the present and 
prospective uses of water in Colorado by other diversions from the San Juan River, or its 
tributaries, are protected. 
 

ARTICLE X 
 
In the event water from another drainage basin shall be imported into the Rio Grande 
Basin by the United States or Colorado or New Mexico, or any of them jointly, the State 
having the right to the use of such water shall be given proper credit therefore in the 
application of the schedules. 
 

ARTICLE XI 
 
New Mexico and Texas agree that upon the effective date of this Compact all 
controversies between said States relative to the quantity or quality of the water of the 
Rio Grande are composed and settled; however, nothing herein shall be interpreted to 
prevent recourse by a signatory state to the Supreme Court of the United States for 
redress should the character or quality of the water, at the point of delivery, be changed 
hereafter by one signatory state to the injury of another. Nothing herein shall be 
construed as an admission by any signatory state that the use of water for irrigation 
causes increase of salinity for which the user is responsible in law. 
 

ARTICLE XII 
 
To administer the provisions of this Compact there shall be constituted a Commission 
composed of one representative from each state, to be known as the Rio Grande Compact 
Commission. The State Engineer of Colorado shall be ex-officio the Rio Grande 
Compact Commissioner for Colorado. The State Engineer of New Mexico shall be ex-
officio the Rio Grande Compact Commissioner for New Mexico. The Rio Grande 
Compact Commissioner for Texas shall be appointed by the Governor of Texas. The 
President of the United States shall be requested to designate a representative of the 
United States to sit with such Commission, and such representative of the United States, 
if so designated by the President, shall act as Chairman of the Commission without vote. 
The salaries and personal expenses of the Rio Grande Compact Commissioners for the 
three States shall be paid by their respective States, and all other expenses incident to the 
administration of this Compact, not borne by the United States, shall be borne equally by 
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the three States. In addition to the powers and duties hereinbefore specifically conferred 
upon such Commission, and the members thereof, the jurisdiction of such Commission 
shall extend only to the collection, correlation and presentation of factual data and the 
maintenance of records having a bearing upon the administration of this Compact, and, 
by unanimous action, to the making of recommendations to the respective States upon 
matters connected with the administration of this Compact. In connection therewith, the 
Commission may employ such engineering and clerical aid as may be reasonably 
necessary within the limit of funds provided for that purpose by the respective States. 
Annual reports compiled for each calendar year shall be made by the Commission and 
transmitted to the Governors of the signatory States on or before March first following 
the year covered by the report. The Commission may, by unanimous action, adopt rules 
and regulations consistent with the provisions of this Compact to govern their 
proceedings. The findings of the Commission shall not be conclusive in any court or 
tribunal which may be called upon to interpret or enforce this Compact. 
 

ARTICLE XIII 
 
At the expiration of every five-year period after the effective date of this Compact, the 
Commission may, by unanimous consent, review any provisions hereof which are not 
substantive in character and which do not affect the basic principles upon which the 
Compact is founded, and shall meet for the consideration of such questions on the request 
of any member of the Commission; provided, however, that the provisions hereof shall 
remain in full force and effect until changed and amended within the intent of the 
Compact by unanimous action of the Commissioners, and until any changes in this 
Compact are ratified by the legislatures of the respective states and consented to by the 
Congress, in the same manner as this Compact is required to be ratified to become 
effective. 

 
ARTICLE XIV 

 
The schedules herein contained and the quantities of water herein allocated shall never be 
increased nor diminished by reason of any increase or diminution in the delivery or loss 
of water to Mexico. 
 

ARTICLE XV 
 
The physical and other conditions characteristic of the Rio Grande and peculiar to the 
territory drained and served thereby, and to the development thereof, have actuated this 
Compact and none of the signatory states admits that any provisions herein contained 
establishes any general principle or precedent applicable to other interstate streams. 
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ARTICLE XVI 
 
Nothing in this Compact shall be construed as affecting the obligations of the United 
States of America to Mexico under existing treaties, or to the Indian Tribes, or as 
impairing the rights of the Indian Tribes. 
ARTICLE XVII 
 
This Compact shall become effective when ratified by the legislatures of each of the 
signatory states and consented to by the Congress of the United States. Notice of 
ratification shall be given by the Governor of each state to the Governors of the other 
states and to the President of the United States, and the President of the United States is 
requested to give notice to the Governors of each of the signatory states of the consent of 
the Congress of the United States. 
 
IN WITNESS WHEREOF, the Commissioners have signed this Compact in 
quadruplicate original, one of which shall be deposited in the archives of the Department 
of State of the United States of America and shall be deemed the authoritative original, 
and of which a duly certified copy shall be forwarded to the Governor of each of the 
signatory States. 
 
Done at the City of Santa Fe, in the State of New Mexico, on the 18th day of March, in 
the year of our Lord, One Thousand Nine Hundred and Thirty-eight. 
 
(Sgd.) M. C. HINDERLIDER 
 
(Sgd.) THOMAS M. McCLURE 
 
(Sgd.) FRANK B. CLAYTON 
 
APPROVED: 
(Sgd.) S. O. HARPER 
 
RATIFIED BY: 
Colorado, February 21, 1939 
New Mexico, March 1, 1939 
Texas, March 1, 1939 
Passed Congress as Public Act No. 96, 76th Congress, 
Approved by the President May 31, 1939 
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RESOLUTION ADOPTED BY 
RIO GRANDE COMPACT COMMISSION 
AT THE ANNUAL MEETING HELD AT 

EL PASO, TEXAS, FEBRUARY 22-24, 1948, 
CHANGING GAGING STATIONS 

AND MEASUREMENTS OF 
DELIVERIES BY NEW MEXICO 

R E S O L U T I O N 
 
Whereas, at the Annual Meeting of the Rio Grande Compact Commission in the year 
1945, the question was raised as to whether or not a schedule for delivery of water by 
New Mexico during the entire year could be worked out, and 
 
Whereas, at said meeting the question was referred to the Engineering Advisers for their 
study, recommendations and report, and 
 
Whereas, said Engineering Advisers have met, studied the problems and under date of 
February 24, 1947, did submit their Report, which said Report contains the findings of 
said Engineering Advisers and their recommendations, and 
 
Whereas, the Compact Commission has examined said Report and finds that the matters 
and things therein found and recommended are proper and within the terms of the Rio 
Grande Compact, and 
 
Whereas, the Commission has considered said Engineering Advisers Report and all 
available evidence, information and material and is fully advised: 
 
Now, Therefore, Be it Resolved: 
 
The Commission finds as follows: 
 
(a) That because of change of physical conditions, reliable records of the amount of water 
passing San Marcial are no longer obtainable at the stream gaging station at San Marcial 
and that the same should be abandoned for Compact purposes . 
 
(b) That the need for concurrent records at San Marcial and San Acacia no longer exists 
and that the gaging station at San Acacia should be abandoned for Compact purposes. 
 
(c) That it is desirable and necessary that the obligations of New Mexico under the 
Compact to deliver water in the months of July, August, September, should be scheduled. 
 
(d) That the change in gaging stations and substitution of the new measurements as 
hereinafter set forth will result in substantially the same results so far as the rights and 
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obligations to deliver water are concerned, and would have existed if such substitution of 
stations and measurements had not been so made. 
 
Be it Further Resolved: 
That the following measurements and schedule thereof shall be substituted for the 
measurements and schedule thereof as now set forth in Article IV of the Compact: 
“The obligation of New Mexico to deliver water in the Rio Grande into Elephant Butte 
Reservoir during each calendar year shall be measured by that quantity set forth in the 
following tabulation of relationship which corresponds to the quantity at the upper index 
station: 
 
DISCHARGE OF RIO GRANDE AT OTOWI BRIDGE AND ELEPHANT BUTTE 
EFFECTIVE SUPPLY 
Quantities in thousands of acre-feet 
Otowi Index Supply (5) 
Elephant Butte Effective Index Supply (6) 
100 57 
200 114 
300 171 
400 228 
500 286 
600 345 
700 406 
800 471 
900 542 
1,000 621 
1,000 707 
1,200 800 
1,300 897 
1,400 996 
1,500 1,095 
1,600 1,195 
1,700 1,295 
1,800 1,395 
1,900 1,495 
2,000 1,595 
2,100 1,695 
2,200 1,795 
2,300 1,895 
2,400 1,995 
2,500 2,095 
2,600 2,195 
2,700 2,295 
2,800 2,395 
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2,900 2,495 
3,000 2,595 
Intermediate quantities shall be computed by proportional parts. 
 
(5) The Otowi Index Supply is the recorded flow of the Rio Grande at the U.S.G.S. 
gaging station at Otowi Bridge near San Ildefonso (formerly station near Buckman) 
during the calendar year, corrected for the operation of reservoirs constructed after 1929 
in the drainage basin of the Rio Grande between Lobatos and Otowi Bridge. 
 
(6) Elephant Butte Effective Index Supply is the recorded flow of the Rio Grande at the 
gaging station below Elephant Butte Dam during the calendar year plus the net gain in 
storage in Elephant Butte Reservoir during the same year or minus the net loss in storage 
in said reservoir, as the case may be. The application of this schedule shall be subject to 
the provisions hereinafter set forth and appropriate adjustments shall be made for (a) any 
change in location of gaging stations; (b) depletion after 1929 in New Mexico of the 
natural runoff at Otowi Bridge; and (c) any transmountain diversions into the Rio Grande 
between Lobatos and Elephant Butte Reservoir.” 
 
Be it Further Resolved: 
That the gaging stations at San Acacia and San Marcial be, and the same are hereby 
abandoned for Compact purposes. 
 
Be it Further Resolved: 
That this Resolution has been passed unanimously and shall be effective January 1, 1949, 
if within 120 days from this date the Commissioner for each State shall have received 
from the Attorney General of the State represented by him, an opinion approving this 
Resolution, and shall have so advised the Chairman of the Commission, otherwise, to be 
of no force and effect. (Note: The following paragraph appears in the Minutes of the 
Annual Meeting of the Commission held at Denver, Colorado, February 14-16, 1949. 
“The Chairman announced that he had received, pursuant to the Resolution adopted by 
the Commission at the Ninth Annual Meeting on February 24, 1948, opinions from the 
Attorneys General of Colorado, New Mexico and Texas that the substitution of stations 
and measurements of deliveries by New Mexico set forth in said resolution was within 
the powers of the Commission”). 
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RULES AND REGULATIONS FOR 
ADMINISTRATION OF 

THE RIO GRANDE COMPACT 
 
A Compact, known as the Rio Grande Compact, between the States of Colorado, New 
Mexico and Texas, having become effective on May 31, 1939 by consent of the Congress 
of the United States, which equitably apportions the waters of the Rio Grande above Fort 
Quitman and permits each State to develop its water resources at will, subject only to its 
obligations to deliver water in accordance with the schedules set forth in the Compact, 
the following Rules and Regulations have been adopted for its administration by the 
Rio Grande Compact Commission; to be and remain in force and effect only so long as 
the same may be satisfactory to each and all members of the Commission, and provided 
always that on the objection of any member of the Commission, in writing, to the 
remaining two members of the Commission after a period of sixty days from the date of 
such objection, the sentence, paragraph or any portion or all of these rules to which any 
such objection shall be made, shall stand abrogated and shall thereafter have no further 
force and effect; it being the intent and purpose of the Commission to permit these rules 
to obtain and be effective only so long as the same may be satisfactory to each and all of 
the Commissioners. 
 
GAGING STATIONS1 
 
Responsibility for the equipping, maintenance and operation of the stream gaging stations 
and reservoir gaging stations required by the provisions of Article II of the Compact shall 
be divided among the signatory States as follows: 
(a) Gaging stations on streams and reservoirs in the Rio Grande Basin above the 
Colorado-New Mexico boundary shall be equipped, maintained, and operated by 
Colorado in cooperation with the U.S. Geological Survey. 
(b) Gaging stations on streams and reservoirs in the Rio Grande Basin below Lobatos and 
above Caballo Reservoir shall be equipped, maintained and operated by New Mexico in 
cooperation with the U.S. Geological Survey to the extent that such stations are not 
maintained and operated by some other Federal agency. 
(c) Gaging stations on Elephant Butte Reservoir and on Caballo Reservoir, and the stream 
gaging stations on the Rio Grande below those reservoirs shall be equipped, maintained 
and operated by or on behalf of Texas through the agency of the U.S. Bureau of 
Reclamation.  
 
The equipment, method and frequency of measurements at each gaging station shall be 
sufficient to obtain records at least equal in accuracy to those classified as good by the 
U.S. Geological Survey. Water-stage recorders on the reservoirs specifically named 
Article II of the Compact shall have sufficient range below maximum reservoir level to 
record major fluctuations in storage. Staff gages may be used to determine fluctuations 
below the range of the water-stage recorders on these and other large reservoirs, and staff 
gages may be used upon approval of the Commission in lieu of water-stage recorders on 
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small reservoirs, provided that the frequency of observation is sufficient in each case to 
establish any material changes in water levels in such reservoirs. 
 
RESERVOIR CAPACITIES1 

_______________________________________ 
1 Amended at Eleventh Annual Meeting, February 23, 1950. 
 
Colorado shall file with the Commission a table of areas and capacities for each reservoir 
in the Rio Grande Basin above Lobatos constructed after 1937; New Mexico shall file 
with the Commission a table of areas and capacities for each reservoir in the Rio Grande 
Basin between Lobatos and San Marcial constructed after 1929; and Texas shall file with 
the Commission tables of areas and capacities for Elephant Butte 
Reservoir and for all other reservoirs actually available for the storage of water between 
Elephant Butte and the first diversion to lands under the Rio Grande Project. 
Whenever it shall appear that any table of areas and capacities is in error by more than 
five per cent, the Commission shall use its best efforts to have a resurvey made and a 
corrected table of areas and capacities to be substituted as soon as practicable. To the end 
that the Elephant Butte effective supply may be computed accurately, the Commission 
shall use its best efforts to have the rate of accumulation and the place of deposition of 
silt in Elephant Butte Reservoir checked at least every three years. 
 
ACTUAL SPILL2, 3 
 
(a) Water released from Elephant Butte in excess of Project requirements, which is 
currently passed through Caballo Reservoir, prior to the time of spill, shall be deemed to 
have been Usable Water released in anticipation of spill, or Credit Water if such release 
shall have been authorized.  
 
(b) Excess releases from Elephant Butte Reservoir, as defined in (a) above, shall be added 
to the quantity of water in storage in that reservoir, and Actual Spill shall be deemed to 
have commenced when this sum equals the total capacity of that reservoir to the level of 
the uncontrolled spillway less capacity reserved for flood control purposes, i.e., 
2,040,000 acre-feet in the months of October through March, inclusive, and 
2,015,000 acre-feet in the months of April through September, inclusive, as determined 
from the 1988 area capacity table or successor area-capacity tables and flood control 
storage reservation of 50,000 acre –feet from April through September and 25,000 acre-
feet from October through March. 
 
(c) All water actually spilled at Elephant Butte Reservoir, or released therefrom, in excess 
of Project requirements, which is currently passed through Caballo Reservoir, after the 
time of spill, shall be considered as Actual Spill, provided that the total quantity of water 
then in storage in Elephant Butte Reservoir exceeds the physical capacity of that reservoir 
at the level of the sill of the spillway gates, i.e., - 1,830,000 acre-ft in 1942. 
 



179 

 
 

(d) Water released from Caballo Reservoir in excess of Project requirements and in 
excess of water currently released from Elephant Butte Reservoir, shall be deemed 
Usable Water released, excepting only flood water entering Caballo Reservoir from 
tributaries below Elephant Butte Reservoir. 
 
DEPARTURES FROM NORMAL RELEASES4 
For the purpose of computing the time of Hypothetical Spill required by Article VI , for 
the purpose of the adjustment set forth in Article VII, no allowance shall be made for the 
difference between Actual and Hypothetical Evaporation, and any underrelease of usable 
water from Project Storage in excess of 150,000 acre-ft in any year shall be taken as 
equal to that amount. 
 
EVAPORATION LOSSES 5, 6, 7 
 
2 Adopted at Fourth Annual Meeting, February 24, 1943. 
3 Amended September 9, 1998. 
4 Adopted June 2, 1959; made effective January 1, 1952. 
5 Amended at Tenth Annual Meeting, February 15, 1949. 
6 Amended at Twelfth Annual Meeting, February 24, 1951. 
7 Amended June 2, 1959. 
 
The Commission shall encourage the equipping, maintenance and operation, in 
cooperation with the U.S. Weather Bureau or other appropriate agency, of evaporation 
stations at Elephant Butte Reservoir and at or near each major reservoir in the Rio Grande 
Basin within Colorado constructed after 1937 and in 
New Mexico constructed after 1929. The net loss by evaporation from a reservoir surface 
shall be taken as the difference between the actual evaporation loss and the evapo-
transpiration losses which would have occurred naturally, prior to the construction of 
such reservoir. Changes in evapo-transpiration losses along stream channels below 
reservoirs may be disregarded. 
Net losses by evaporation, as defined above, shall be used in correcting Index Supplies 
for the operation of reservoirs upstream from Index Gaging Stations as required by the 
provisions of Article III and Article IV of the Compact. 
 
In the application of the provisions of the last unnumbered paragraph of Article VI of the 
Compact: 
 
(a) Evaporation losses for which accrued credits shall be reduced shall be taken as the 
difference between the gross evaporation from the water surface of Elephant Butte 
Reservoir and rainfall on the same surface. 
 
(b) Evaporation losses for which accrued debits shall be reduced shall be taken as the net 
loss by evaporation as defined in the first paragraph. 
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ADJUSTMENT OF RECORDS 
The Commission shall keep a record of the location, and description of each gaging 
station and evaporation station, and, in the event of change in location of any stream 
gaging station for any reason, it shall ascertain the increment in flow or decrease in flow 
between such locations for all stages. Wherever practicable, concurrent records shall be 
obtained for one year before abandonment of the previous station. 
NEW OR INCREASED DEPLETIONS 
 
In the event any works are constructed which alter or may be expected to alter the flow at 
any of the Index Gaging Stations mentioned in the Compact, or which may otherwise 
necessitate adjustments in the application of the schedules set forth in the Compact, it 
shall be the duty of the Commissioner specifically concerned to file with the Commission 
all available information pertaining thereto, and appropriate adjustments shall be made in 
accordance with the terms of the Compact; provided, however, that any such adjustments 
shall in no way increase the burden imposed upon Colorado or New Mexico under the 
schedules of deliveries established by the Compact. 
 
TRANSMOUNTAIN DIVERSIONS 
In the event any works are constructed for the delivery of waters into the drainage basin 
of the Rio Grande from any stream system outside of the Rio Grande Basin, such waters 
shall be measured at the point of delivery into the Rio Grande Basin and proper 
allowances shall be made for losses in transit from such points to the Index Gaging 
Station on the stream with which the imported waters are commingled. 
 
QUALITY OF WATER 
In the event that delivery of water is made from the Closed Basin into the Rio Grande, 
sufficient samples of such water shall be analyzed to ascertain whether the quality thereof 
is within the limits established by the 
Compact. 
 
SECRETARY8 
8 The substitution of this section for the section titled Reports to Commissioners was 
adopted at Ninth 
 
Annual Meeting, February 22, 1948. 
The Commission, subject to the approval of the Director, U.S. Geological Survey, to a 
cooperative agreement for such purposes, shall employ the U.S. Geological Survey on a 
yearly basis, to render such engineering and clerical aid as may reasonably be necessary 
for administration of the Compact. Said agreement shall provide that the Geological 
Survey shall: 
 
(1) Collect and correlate all factual data and other records having a material bearing on 
the administration of the Compact and keep each Commissioner adviser thereof. 
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(2) Inspect all gaging stations required for administration of the Compact and make 
recommendations to the Commission as to any changes or improvements in methods of 
measurement or facilities for measurement which may be needed to insure that reliable 
records be obtained. 
 
(3) Report to each Commissioner by letter on or before the fifteenth day of each month, 
except January, a summary of all hydrographic data then available for the current year - 
on forms prescribed by the Commission - pertaining to: 
(a) Deliveries by Colorado 
(b) Deliveries by New Mexico 
(c) Operation of Project Storage 
 
(4) Make such investigations as may be requested by the Commission in aid of its 
administration of the Compact. 
 
(5) Act as Secretary to the Commission and submit to the Commission at its regular 
meeting in February a report on its activities and a summary of all data needed for 
determination of debits and credits and other matters pertaining to administration of the 
Compact. 
 
COSTS 1 
 
In February of each year, the Commission shall adopt a budget for the ensuing fiscal year 
beginning July first. Such budget shall set forth the total cost of maintenance and 
operating of gaging stations, of evaporation stations, the cost of engineering and clerical 
aid, and all other necessary expenses excepting the salaries and personal expenses of the 
Rio Grande Compact Commissioners. Contributions made directly by the United States 
and the cost of services rendered by the United States without cost shall be deducted from 
the total budget amount; the remainder shall then be allocated equally to Colorado, New 
Mexico and Texas. 
 
Expenditures made directly by any State for purposes set forth in the budget shall be 
credited to that State; contributions in cash or in services by any State under a 
cooperative agreement with any federal agency shall be credited to such State, but the 
amount of the federal contribution shall not so be credited; in event any State, through 
contractual relationships, causes work to be done in the interest of the Commission, such 
State shall be credited with the cost thereof, unless such cost is borne by the United 
States. 
 
Costs incurred by the Commission under any cooperative agreement between the 
Commission and any U.S. Government Agency, not borne by the United States, shall be 
apportioned equally to each State, and each Commissioner shall arrange for the prompt 
payment of one-third thereof by his State. The Commissioner of each State shall report at 
the annual meeting each year the amount of money expended during the year by the State 
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which he represents, as well as the portion thereof contributed by all cooperating federal 
agencies, and the Commission shall arrange for such proper reimbursement in cash or 
credits between States as may be necessary to equalize the contributions made by each 
State in the equipment, maintenance and operation of all gaging stations authorized by 
the Commission and established under the terms of the Compact. 
It shall be the duty of each Commissioner to endeavor to secure from the Legislature of 
his State an appropriation of sufficient funds with which to meet the obligations of his 
State, as provided by the Compact. 
 
MEETING OF COMMISSION 1, 9 
The Commission shall meet in Santa Fe, New Mexico, on the third Thursday of February 
of each year for the consideration and adoption of the annual report for the calendar year 
preceding, and for the transaction of any other business consistent with its authority; 
provided that the Commission may agree to meet elsewhere. Other meetings as may be 
deemed necessary shall be held at any time and place set by mutual agreement, for the 
consideration of data collected and for the transaction of any business consistent with its 
authority. 
 
No action of the Commission shall be effective until approved by the Commissioner from 
each of the three signatory States. 
 
(Signed) M. C. HINDERLIDER 
M.. C. Hinderlider 
Commissioner for Colorado 
 
(Signed) THOMAS M. McCLURE 
Thomas M. McClure 
Commissioner for New Mexico 
 
(Signed) JULIAN P. HARRISON 
Julian P. Harrison 
Commissioner for Texas 
 
Adopted December 19, 1939. 
 

9 Amended at Thirteenth Annual Meeting, February 25, 1952. 
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APPENDIX B: PECOS RIVER INTERSTATE COMPACT 
 
 

PECOS RIVER COMPACT 
 
The State of New Mexico and the State of Texas, acting through their Commissioners, 
John H. Bliss for the State of New Mexico and Charles H. Miller for the State of Texas, 
after negotiations participated in by Berkeley Johnson, appointed by the President as the 
representative of the United States of America, have agreed respecting the uses, 
apportionment and deliveries of the water of the Pecos River as follows: 
 

Article I 
 
The major purposes of this Compact are to provide for the equitable division and 
apportionment of the use of the waters of the Pecos River; to promote interstate comity; 
to remove causes of present and future controversies; to make secure and protect present 
development within the states; to facilitate the construction of works for, (a) the salvage 
of water, (b) the more efficient use of water, and (c) the protection of life and property 
from floods. 
 

Article II 
 
As used in this Compact: 
(a) The term "Pecos River" means the tributary of the Rio Grande which rises in north 
central New Mexico and flows in a southerly direction through New Mexico and Texas 
and joins the Rio Grande near the town of Langtry, Texas, and includes all tributaries of 
said Pecos River. 
 
(b) The term "Pecos River Basin" means all of the contributing drainage area of the Pecos 
River and its tributaries above its mouth near Langtry, Texas. 
 
(c) "New Mexico" and "Texas" mean the State of New Mexico and the State of Texas, 
respectively; "United States" means the United States of America. 
 
(d) The term "Commission" means the agency created by this Compact for the 
administration thereof. 
 
(e) The term "deplete by man's activities" means to diminish the stream flow of the Pecos 
River at any given point as the result of beneficial consumptive uses of water within the 
Pecos River Basin above such point. For the purposes of this Compact it does not include 
the diminution of such flow by encroachment of salt cedars or other like growth, or by 
deterioration of the channel of the stream. 
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(f) The term "Report of the Engineering Advisory Committee" means that certain report  
of the Engineering Advisory Committee dated January, 1948, and all appendices thereto; 
including, basic data, processes, and analyses utilized in preparing that report, all of 
which were reviewed, approved, and adopted by the Commissioners signing this 
Compact at a meeting held in Santa Fe, New Mexico, on December 3, 1948, and which 
are included in the Minutes of that meeting. 
 
(g) The term "1947 condition" means that situation in the Pecos River Basin as described 
and defined in the Report of the Engineering Advisory Committee. In determining any 
question of fact hereafter arising as to such situation, reference shall be made to, and 
decisions shall be based on, such report. 
 
(h) The term "water salvaged" means that quantity of water which may be recovered and 
made available for beneficial use and which quantity of water under the 1947 condition 
was non-beneficially consumed by natural processes. 
 
(i) The term "unappropriated flood waters" means water originating in the Pecos River 
Basin above Red Bluff Dam in Texas, the impoundment of which will not deplete the 
water usable by the storage and diversion facilities existing in either state under the 1947 
condition and which if not impounded will flow past Girvin, Texas. 
 

Article III 
 
(a) Except as stated in paragraph (f) of this Article, New Mexico shall not deplete by 
man's activities the flow of the Pecos River at the New Mexico-Texas state line below an 
amount which will give to Texas a quantity of water equivalent to that available to Texas 
under the 1947 condition. 
 
(b) Except as to the unappropriated flood waters thereof, the apportionment of which is 
included in and provided for by paragraph (f) of this Article, the beneficial consumptive 
use of the waters of the Delaware River is hereby apportioned to Texas, and the quantity 
of such beneficial consumptive use shall be included in determining waters received 
under the provisions of paragraph (a) of this Article. 
 
(c) The beneficial consumptive use of water salvaged in New Mexico through the 
construction and operation of a project or projects by the United States or by joint 
undertakings of Texas and New Mexico, is hereby apportioned forty-three per cent (43%) 
to Texas and fifty-seven per cent (57%) to New Mexico. 
 
(d) Except as to water salvaged, apportioned in paragraph (c) of this Article, the 
beneficial consumptive use of water which shall be non-beneficially consumed, and 
which is recovered, is hereby apportioned to New Mexico but not to have the effect of 
diminishing the quantity of water available to Texas under the 1947 condition. 
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(e) Any water salvaged in Texas is hereby apportioned to Texas. 
 
(f) Beneficial consumptive use of unappropriated flood waters is hereby apportioned fifty 
percent (50%) to Texas and fifty per cent (50%) to New Mexico. 

 
Article IV 

 
(a) New Mexico and Texas shall cooperate to support legislation for the authorization and 
construction of projects to eliminate nonbeneficial consumption of water. 
 
(b) New Mexico and Texas shall cooperate with agencies of the United States to devise 
and effectuate means of alleviating the salinity conditions of the Pecos River. 
 
(c) New Mexico and Texas each may: 

(i) Construct additional reservoir capacity to replace reservoir capacity made 
unusable by any cause. 
(ii) Construct additional reservoir capacity for the utilization of water salvaged 
and unappropriated flood waters apportioned by this Compact to such state. 
(iii) Construct additional reservoir capacity for the purpose of making more 
efficient use of water apportioned by this Compact to such state. 

 
(d) Neither New Mexico nor Texas will oppose the construction of any facilities 
permitted by this Compact, and New Mexico and Texas will cooperate to obtain the 
construction of facilities that will be of joint benefit to the two states. 
 
(e) The Commission may determine the conditions under which Texas may store water in 
works constructed in and operated by New Mexico. 
 
(f) No reservoir shall be constructed and operated in New Mexico above Avalon Dam for 
the sole benefit of Texas unless the Commission shall so determine. 
 
(g) New Mexico and Texas each has the right to construct and operate works for the 
purpose of preventing flood damage. 
 
(h) All facilities shall be operated in such manner as to carry out the terms of this 
Compact. 
 

Article V 
 
(a) There is hereby created an interstate administrative agency to be known as the "Pecos 
River Commission." The Commission shall be composed of one Commissioner 
representing each of the states of New Mexico and Texas, designated or appointed in 
accordance with the laws of each such state, and, if designated by the President, one 
Commissioner representing the United States.  
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The President is hereby requested to designate such a Commissioner. If so designated, the 
Commissioner representing the United States shall be the presiding officer of the 
Commission, but shall not have the right to vote in any of the deliberations of the 
Commission. All members of the Commission must be present to constitute a quorum. 
 
(b) The salaries and personal expenses of each Commissioner shall be paid by the 
government which he represents. All other expenses which are incurred by the 
Commission incident to the administration of this Compact and which are not paid by the 
United States shall be borne equally by the two states.  
 
On or before November 1 of each even numbered year the Commission shall adopt and 
transmit to the Governors of the two states and to the President a budget covering an 
estimate of its expenses for the following two years. The payment of the expenses of the 
Commission and of its employees shall not be subject to the audit and accounting 
procedures of either of the two states. However, all receipts and disbursements of funds 
handled by the Commission shall be audited yearly by a qualified independent public 
accountant and the report of the audit shall be included in, and become a part of, the 
annual report of the Commission. 
 
(c) The Commission may appoint a secretary who, while so acting, shall not be an 
employee of either state. He shall serve for such term, receive such salary, and perform 
such duties as the Commission may direct. The Commission may employ such 
engineering, legal, clerical, and other personnel as in its judgment may be necessary for 
the performance of its functions under this Compact. In the hiring of employees the 
Commission shall not be bound by the civil service laws of either state. 
 
(d) The Commission, so far as consistent with this Compact, shall have power to: 
1. Adopt rules and regulations; 
2. Locate, establish, construct, operate, maintain, and abandon water gaging stations, 
independently or in cooperation with appropriate governmental agencies; 
3. Engage in studies of water supplies of the Pecos River and its tributaries, 
independently or in cooperation with appropriate governmental agencies; 
4. Collect, analyze, correlate, preserve and report on data as to the stream flows, storage, 
diversions, salvage, and use of the waters of the Pecos River and its tributaries, 
independently or in cooperation with appropriate governmental agencies; 
5. Make findings as to any change in depletion by man's activities in New Mexico, and 
on the Delaware River in Texas; 
6. Make findings as to the deliveries of water at the New Mexico-Texas state line; 
7. Make findings as to the quantities of water salvaged and the amount thereof delivered 
at the New Mexico-Texas state line; 
8. Make findings as to quantities of water non-beneficially consumed in New Mexico; 
9. Make findings as to quantities of unappropriated flood waters; 
10. Make findings as to the quantities of reservoir losses from reservoirs constructed in 
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New Mexico which may be used for the benefit of both states, and as to the share thereof 
charged under Article VI hereof to each of the states; 
11. Acquire and hold such personal and real property as may be necessary for the 
performance of its duties hereunder and to dispose of the same when no longer required; 
12. Perform all functions required of it by this Compact and do all things necessary, 
proper or convenient in the performance of its duties hereunder, independently or in 
cooperation with appropriate governmental agencies; 
13. Make and transmit annually to the Governors of the signatory states and to the 
President of the United States on or before the last day of February of each year, a report 
covering the activities of the Commission for the preceding year. 
 
(e) The Commission shall make available to the Governor of each of the signatory states 
any information within its possession at any time, and shall always provide free access to 
its records by the Governors of each of the States, or their representatives, or authorized 
representatives of the United States. 
 
(f) Findings of fact made by the Commission shall not be conclusive in any court, or 
before any agency or tribunal, but shall constitute prima facie evidence of the facts found. 
 
(g) The organization meeting of the Commission shall be held within four months from 
the effective date of this Compact. 
 

Article VI 
 
The following principles shall govern in regard to the apportionment made by Article III 
of this Compact: 
 
(a) The Report of the Engineering Advisory Committee, supplemented by additional data 
hereafter accumulated, shall be used by the Commission in making administrative 
determinations. 
 
(b) Unless otherwise determined by the Commission, depletions by man's activities, state-
line flows, quantities of water salvaged, and quantities of unappropriated flood waters 
shall be determined on the basis of three-year periods reckoned in continuing progressive 
series beginning with the first day of January next succeeding the ratification of this 
Compact. 
 
(c) Unless and until a more feasible method is devised and adopted by the Commission 
the inflow-outflow method, as described in the Report of the Engineering Advisory 
Committee, shall be used to: 

(i) Determine the effect on the state-line flow of any change in depletions by 
man's activities or otherwise, of the waters of the Pecos River in New Mexico. 
(ii) Measure at or near the Avalon Dam in New Mexico the quantities of water 
salvaged. 
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(iii) Measure at or near the state line any water released from storage for the 
benefit of Texas as provided for in subparagraph (d) of this Article. 
(iv) Measure the quantities of unappropriated flood waters apportioned to Texas 
which have not been stored and regulated by reservoirs in New Mexico. 
(v) Measure any other quantities of water required to be measured under the terms 
of this Compact which are susceptible of being measured by the inflow-outflow 
method. 

 
(d) If unappropriated flood waters apportioned to Texas are stored in facilities 
constructed in New Mexico, the following principles shall apply: 

(i) In case of spill from a reservoir constructed in and operated by New Mexico, 
the water stored to the credit of Texas will be considered as the first water to spill. 
(ii) In case of spill from a reservoir jointly constructed and operated, the water 
stored to the credit of either state shall not be affected. 
(iii) Reservoir losses shall be charged to each state in proportion to the quantity of 
water belonging to that state in storage at the time the losses occur. 
(iv) The water impounded to the credit of Texas shall be released by New Mexico 
on the demand of Texas. 

 
(e) Water salvaged shall be measured at or near the Avalon Dam in New Mexico and to 
the quantity thereof shall be added a quantity equal to the quantity of salvaged water 
depleted by man's activities above Avalon Dam. The quantity of water salvaged that is 
apportioned to Texas shall be delivered by New Mexico at the New Mexico-Texas state 
line. The quantity of unappropriated flood waters impounded under paragraph (d) of this 
Article, when released shall be delivered by New Mexico at the New Mexico-Texas state 
line in the quantity released less channel losses. The unappropriated flood waters 
apportioned to Texas by this Compact that are not impounded in reservoirs in New 
Mexico shall be measured and delivered at the New Mexico-Texas state line. 
 
(f) Beneficial use shall be the basis, the measure, and the limit of the right to use water. 
 

Article VII 
 
In the event of importation of water by man's activities to the Pecos River Basin from any 
other river basin the state making the importation shall have the exclusive use of such 
imported water. 
 

Article VIII 
 
The provisions of this Compact shall not apply to, or interfere with, the right or power of 
either signatory state to regulate within its boundaries the appropriation, use and control 
of water, not inconsistent with its obligations under this Compact. 
 

Article IX 
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In maintaining the flows at the New Mexico-Texas state line required by this Compact, 
New Mexico shall in all instances apply the principle of prior appropriation within New 
Mexico. 
 

Article X 
 
The failure of either state to use the water, or any part thereof, the use of which is 
apportioned to it under the terms of this Compact, shall not constitute a relinquishment of 
the right to such use, nor shall it constitute a forfeiture or abandonment of the right to 
such use. 
 

Article XI 
 
Nothing in this Compact shall be construed as: 
(a) Affecting the obligations of the United States under the Treaty with the United 
Mexican States (Treaty Series 994); 
 
(b) Affecting any rights or powers of the United States, its agencies or instrumentalities, 
in or to the waters of the Pecos River, or its capacity to acquire rights in and to the use of 
said waters; 
 
(c) Subjecting any property of the United States, its agencies or instrumentalities, to 
taxation by any state or subdivision thereof, or creating any obligation on the part of the 
United States, its agencies or instrumentalities, by reason of the acquisition, construction 
or operation of any property or works of whatever kind, to make any payment to any state 
or political subdivision thereof, state agency, municipality or entity whatsoever, in 
reimbursement for the loss of taxes; 
 
(d) Subjecting any property of the United States, its agencies or instrumentalities, to the 
laws of any state to an extent other than the extent to which such laws would apply 
without regard to this Compact. 
 

Article XII 
 
The consumptive use of water by the United States or any of its agencies, 
instrumentalities or wards shall be charged as a use by the state in which the use is made; 
provided, that such consumptive use incident to the diversion, impounding, or 
conveyance of water in one state for use in the other state shall be charged to such latter 
state. 
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Article XIII 
 
This Compact shall not be construed as establishing any general principle or precedent 
applicable to other interstate streams. 

Article XIV 
 
This Compact may be terminated at any time by appropriate action of the legislatures of 
both of the signatory states. In the event of such termination, all rights established under 
it shall continue unimpaired. 
 

Article XV 
 
This Compact shall become binding and obligatory when it shall have been ratified by the 
legislature of each State and approved by the Congress of the United States. Notice of 
ratification by the legislature of each State sha ll be given by the Governor of that State to 
the Governor of the other State and to the President of the United States, and the 
President is hereby requested to give notice to the Governor of each State of approval by 
the Congress of the United States. 
 
In Witness Whereof, the Commissioners have executed three counterparts hereof each of 
which shall be and constitute an original, one of which shall be deposited in the archives 
of the Department of State of the United States, and one of which shall be forwarded to 
the Governor of each State. 
 
Done at the City of Santa Fe, State of New Mexico, this 3rd day of December, 1948. 
 
/S/ JOHN H. BLISS 
Commissioner for the State of New Mexico 
 
/S/ CHARLES H. MILLER 
Commissioner for the State of Texas 
 
APPROVED 
/S/BERKELEY JOHNSON 
Representative of the United States of America 
 
State ratifications. 
New Mexico, enacted by Laws 1949, ch. 6, § 1; 1978 Comp., § 72-15-19. 
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APPENDIX C: AMENDED COSTILLA CREEK INTERSTATE COMPACT 
 
 

AMENDED COSTILLA CREEK COMPACT 
 
The state of Colorado and the state of New Mexico, parties signatory to this compact 
(hereinafter referred to as "Colorado" and "New Mexico," respectively, or individually as 
a "state," or collectively as the "states"), having on September 30, 1944, concluded, 
through their duly authorized commissioners, to wit: Clifford H. Stone for Colorado and 
Thomas M. McClure for New Mexico, a compact with respect to the waters of Costilla 
creek, an interstate stream, which compact was ratified by the states in 1945 and was 
approved by the congress of the United States in 1946; and The states, having resolved to 
conclude an amended compact with respect to the waters of Costilla creek, have 
designated, pursuant to the acts of their respective legislatures and through their 
appropriate executive agencies, as their commissioners: 
 
J. E. Whitten, for Colorado 
S. E. Reynolds, for New Mexico 
who, after negotiations, have agreed upon these articles: 
 

ARTICLE I 
 

The major purposes of this compact [this section] are to provide for the equitable division 
and apportionment of the use of the waters of Costilla creek; to promote interstate 
comity; to remove causes of present and future interstate controversies; to assure the most 
efficient utilization of the waters of Costilla creek; to provide for the integrated operation 
of existing and prospective irrigation facilities on the stream in the two states; to adjust 
the conflicting jurisdictions of the two states over irrigation works and facilities diverting 
and storing water in one state for use in both states; to equalize the benefits of water from 
Costilla creek, used for the irrigation of contiguous lands lying on either side of the 
boundary, between the citizens and water users of one state and those of the other; and to 
place the beneficial application of water diverted from Costilla creek for irrigation by the 
water users of the two states on a common basis. 
 
The physical and other conditions peculiar to the Costilla creek and its basin, and the 
nature and location of the irrigation development and the facilities in connection 
therewith, constitute the basis for this compact; and neither of the states hereby, nor the 
congress of the United States by its consent, concedes that this compact establishes any 
general principle or precedent with respect to any other interstate stream. 
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ARTICLE II 
 
As used in this compact, the following names, terms and expressions are described, 
defined, applied and taken to mean as in this article set forth: 
 
(a) "Costilla creek" is a tributary of the Rio Grande which rises on the west slope of the 
Sangre de Cristo range in the extreme southeastern corner of Costilla county in Colorado 
and flows in a general westerly direction crossing the boundary three times above its 
confluence with the Rio Grande in New Mexico; 
 
(b) the "canyon mouth" is that point on Costilla creek in New Mexico where the stream 
leaves the mountains and emerges into the San Luis valley; 
 
(c) the "Amalia area" is that irrigated area in New Mexico above the canyon mouth and 
below the Costilla reservoir which is served by decreed direct flow water rights; 
 
(d) the "Costilla-Garcia area" is that area extending from the canyon mouth in New 
Mexico to a point in Colorado about four miles downstream from the boundary, being a 
compact body of irrigated land on either side of Costilla creek served by decreed direct 
flow water rights; 
 
(e) the "Eastdale reservoir no. 1" is that off-channel reservoir located in Colorado in 
sections 7, 8 and 18, township 1 north, range 73 west, and sections 12 and 13, township 1 
north, range 74 west, of the Costilla Estates survey, with a nominal capacity of three 
thousand four hundred sixty-eight (3,468) acre- feet and a present usable capacity of two 
thousand (2,000) acre-feet; 
 
(f) the "Eastdale reservoir no. 2" is that off- channel reservoir located in Colorado in 
sections 3, 4, 9 and 10, township 1 north, range 73 west, of the Costilla Estates survey, 
with a nominal capacity of three thousand forty-one (3,041) acre-feet; 
 
(g) the "Costilla reservoir" is that channel reservoir, having a nominal capacity of fifteen 
thousand seven hundred (15,700) acre- feet, locatted [located] in New Mexico near the 
headwaters of Costilla creek. The present usable capacity of the reservoir is eleven 
thousand (11,000) acre- feet, subject to future adjustment by the state engineer of New 
Mexico. The condition of Costilla dam may be such that the state engineer of New 
Mexico will not permit storage above a determined stage except for short periods of time; 
 
(h) the "Cerro canal" is that irrigation canal which diverts water from the left bank of 
Costilla creek in New Mexico near the southwest corner of section 12, township 1 south, 
range 73 west, of the Costilla Estates survey, and runs in a northwesterly direction to the 
boundary near boundary monument no. 140; 
 
(i) the "boundary" is the term used herein to describe the common boundary line between 
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Colorado and New Mexico; 
 
(j) the term "Costilla reservoir system" means and includes the Costilla reservoir and the 
Cerro canal, the permits for the storage of water in Costilla reservoir, the twenty- four 
and fifty-two hundredths (24.52) cubic feet per second of time of direct flow water rights 
transferred to the Cerro canal, and the permits for the diversion of direct flow water by 
the Cerro canal as adjusted herein to seventy- five and forty-eight hundredths (75.48) 
cubic feet per second of time; 
 
(k) the term "Costilla reservoir system safe yield" means that quantity of usable water 
made available each year by the Costilla reservoir system. The safe yield represents the 
most beneficial operation of the Costilla reservoir system through the use, first, of the 
total usable portion of the yield of the twenty-four and fifty-two hundredths (24.52) cubic 
feet per second of time of direct flow rights transferred to the Cerro canal, second, of the 
total usable portion of the yield of the direct flow Cerro canal permits, and third, of that 
portion of the water stored in Costilla reservoir required to complete such safe yield; 
 
(l) the term "usable capacity" is defined and means that capacity of Costilla reservoir at 
the stage above which the state engineer of New Mexico will not permit storage except 
for short periods of time; 
 
(m) the term "temporary storage" is defined and means the water permitted by the state 
engineer of New Mexico to be stored in Costilla reservoir for short periods of time above 
the usable capacity of that reservoir; 
 
(n) the term "additional storage facilities" is defined and means storage capacity which 
may be provided in either state to impound waters of Costilla creek and its tributaries in 
addition to the nominal capacity of Costilla reservoir and the Costilla creek complement 
of the Eastdale reservoir no. 1 capacity; 
 
(o) the term "duty of water" is defined as the rate in cubic feet per second of time at 
which water may be diverted at the headgate to irrigate a specified acreage of land during 
the period of maximum requirement; 
 
(p) the term "surplus water" is defined and means water which cannot be stored in 
operating reservoirs during the storage season or water during the irrigation season which 
cannot be stored in operating reservoirs and which is in excess of the aggregate direct 
flow rights and permits recognized by this compact; 
 
(q) the term "irrigation season" is defined and means that period of each calendar year 
from May 16 to September 30, inclusive; 
 
(r) the term "storage season" is defined and means that period of time extending from 
October 1 of one year to May 15 of the succeeding year, inclusive; 
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(s) the term "points of interstate delivery" means and includes: 

(1) the Acequia Madre where it crosses the boundary; 
(2) the Costilla creek where it crosses the boundary; 
(3) the Cerro canal where it reaches the boundary; and 
(4) any other interstate canals which might be constructed with the approval of the 
commission at the point or points where they cross the boundary; 

 
(t) the term "water company" means the San Luis Power and Water Company, a 
Colorado corporation, or its successor; 
 
(u) the word "commission" means the Costilla Creek Compact commission created by 
Article VIII of this compact for the administration thereof. 
 

ARTICLE III 
 
1. To accomplish the purposes of this compact, as set forth in Article I, the following 
adjustments in the operation of irrigation facilities on Costilla creek, and in the use of 
water diverted, stored and regulated thereby, are made: 
 

(a) the quantity of water delivered for use in the two states by direct flow ditches 
in the Costilla-Garcia area and by the Cerro canal is based on a duty of water of 
one cubic foot per second of time for each eighty (80) acres, to be applied in the 
order of priority; provided, however, that this adjustment in each instance is based 
on the acreage as determined by the court in decreeing the water rights for the 
Costilla-Garcia area, and in the case of Cerro canal such basis shall apply to eight 
thousand (8,000) acres of land. In order to better maintain a usable head for the 
diversion of water for beneficial consumptive use the adjusted maximum 
diversion rate under the water right of each of the ditches supplying water for the 
Costilla-Garcia area in Colorado is not less than one cubic foot per second of 
time; 

 
(b) there is transferred from certain ditches in the Costilla-Garcia area twenty-four 
and fifty-two hundredths (24.52) cubic feet per second of time of direct flow 
water rights, which rights of use are held by the water company or its successors 
in title, to the headgate of the Cerro canal. The twenty- four and fifty-two 
hundredths (24.52) cubic feet of water per second of time hereby transferred 
represents an evaluation of these rights after adjustment in the duty of water, 
pursuant to Subsection (a) of this article, and includes a reduction thereof to 
compensate for increased use of direct flow water which otherwise would have 
been possible under these rights by this transfer; 

 
(c) except for the rights to store water from Costilla creek in Eastdale reservoir 
no. 1 as hereinafter provided, all diversion and storage rights from Costilla creek 
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for Eastdale reservoirs no. 1 and no. 2 are relinquished and the water decreed 
thereunder is returned to the creek for use in accordance with the plan of 
integrated operation effectuated by this compact; 

 
(d) the Cerro canal direct flow permit shall be seventy- five and forty-eight 
hundredths (75.48) cubic feet per second of time; 

 
(e) there is transferred to and made available for the irrigation of lands in 
Colorado a portion of the Costilla reservoir complement of the Costilla reservoir 
system safe yield in order that the storage of water in that reservoir may be made 
for the benefit of water users in both Colorado and New Mexico under the 
provisions of this compact for the allocations of water and the operation of 
facilities. 

 
2. Each state grants for the benefit of the other and its water users the rights to change the 
points of diversion of water from Costilla creek, to divert water from the stream in one 
state for use in the other and to store water in one state for the irrigation of lands in the 
other, insofar as the exercise of such rights may be necessary to effectuate the provisions 
of this article and to comply with the terms of this compact. 
 
3. The water company has consented to and approved the adjustments contained in this 
article; and such consent and approval shall be evidenced in writing and filed with the 
commission. 
 

ARTICLE IV 
 
The apportionment and allocation of the use of Costilla creek water shall be as follows: 
 
(a) there is allocated for diversion from the natural flow of Costilla creek and its 
tributaries sufficient water for beneficial use on meadow and pasture lands above Costilla 
reservoir in New Mexico to the extent and in the manner now prevailing in that area; 
 
(b) there is allocated for diversion from the natural flow of Costilla creek and its 
tributaries thirteen and forty-two hundredths (13.42) cubic feet of water per second of 
time for beneficial use on lands in the Amalia area in New Mexico; 
 
(c) in addition to allocations made in Subsections (e), (f) and (g) of this article, there is 
allocated for diversion from the natural flow of Costilla creek fifty and sixty-two 
hundredths (50.62) cubic feet of water per second of time for Colorado and eighty- nine 
and eight hundredths (89.08) cubic feet of water per second of time for New Mexico, 
subject to adjustment as provided in Article V (e), and such water shall be delivered for 
beneficial use in the two states in accordance with the schedules and under the conditions 
set forth in Article V; 
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(d) there is allocated for diversion from the natural flow of Costilla creek sufficient water 
to provide each year one thousand (1,000) acre- feet of stored water in Eastdale reservo ir 
no. 1, such water to be delivered as provided in Article V; 
 
(e) there is allocated for diversion to Colorado thirty-six and five-tenths percent (36.5%) 
and to New Mexico sixty-three and five-tenths percent (63.5%) of the water stored by 
Costilla reservoir for release there from for irrigation purposes each year, subject to 
adjustment as provided in Article V (e) and such water shall be delivered for beneficial 
use in the two states on a parity basis in accordance with the provisions of Article V. By 
"parity basis" is meant that neither state shall enjoy a priority of right of use; 
 
(f) there is allocated for beneficial use in each of the states of Colorado and New Mexico 
one-half of the surplus water, as defined in Article II (p), to be delivered as provided in 
Article V; 
 
(g) there is allocated for beneficial use in each of the states of Colorado and New Mexico 
one-half of any water made available and usable by additional storage facilities which 
may be constructed in the future. 
 

ARTICLE V 
 
The operation of the facilities of Costilla creek and the delivery of water for the irrigation 
of land in Colorado and New Mexico, in accordance with the allocations made in Article 
IV, shall be as follows: 
 
(a) diversions of water for use on lands in the Amalia area shall be made as set forth in 
Article IV (b) in the order of decreed priorities in New Mexico and of relative priority 
dates in the two states, subject to the right of New Mexico to change the points of 
diversion and places of use of any of such water to other points of diversion and places of 
use; provided, however, that the rights so transferred shall be limited in each instance to 
the quantity of water actually consumed on the lands from which the right is transferred; 
 
(b) deliveries to Colorado of direct flow water below the canyon mouth shall be made by 
New Mexico in accordance [accordance] with the following schedule: 
 
DELIVERIES OF DIRECT FLOW TO COLORADO DURING 
IRRIGATION SEASON 
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The actual discharges of Costilla creek at the canyon mouth gaging station at which the 
various blocks of direct flow water become effective shall equal the flow set forth in 
column 
 
(1) increased by the transmission losses necessary to deliver those flows to the headgates 
of the respective direct flow ditches diverting in New Mexico. The delivery of ditch 
water at the boundary shall equal the allocation set forth in columns (2A) and (2B) 
reduced by the transmission losses between the headgate of the ditch and the point where 
the ditch crosses the boundary. The allocations to be delivered to Colorado through the 
Cerro canal represent, except as otherwise indicated in column (5) of the table above, 
36.5 percent of those blocks of direct flow water of the Costilla reservoir system which 
are subject to adjustment as provided in Subsection (e) of this article. 
 
The provisions of Article III 1.(a) shall not be applicable to the Colorado allocation of 
5.08 C.F.S. which is transferred from the Acequia Madre to the Cerro canal by this 
amendment to the Costilla Creek Compact and shall not be applicable to the 0.8 C.F.S. 
which is transferred from Colorado to New Mexico by this amendment to the Costilla 
Creek Compact. 
 
The above table is compiled on the basis of the delivery to Colorado at the boundary of 
thirty-six and five-tenths percent (36.5%) of all direct flow water of the Costilla reservoir 
system diverted by the Cerro canal and the delivery at the boundary of all other direct 
flow water allocated to Colorado, in the order of priority, all such deliveries to be 
adjusted for transmission losses. In the event of change in the usable capacity of the 
Costilla reservoir, Colorado's share of all direct flow water of the Costilla reservoir 
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system diverted by the Cerro canal, to be delivered at the boundary and adjusted for 
transmission losses, shall be determined by the percentages set forth in column (4) of the 
table which appears in Subsection (e) of this article;  
 
(c) during the storage season, no water shall be diverted under direct flow rights unless 
there is water in excess of the demand of all operating reservoirs for water from Costilla 
creek for storage;  
 
(d) in order to assure the most efficient utilization of the available water supply, the 
filling of Eastdale reservoir no. 1 from Costilla creek shall be commenced as early in the 
spring as possible and shall be completed as soon thereafter as possible. The Cerro canal 
or any other ditch which may be provided for that purpose shall be used, insofar as 
practicable, to convey the water from the canyon mouth to Eastdale reservoir no. 1. 
During any season when the commission determines that there will be no surplus water, 
any diversions, waste or spill from any canal or canals supplying Eastdale reservoir no. 1 
will be charged to the quantity of water diverted for delivery to said reservoir; 
 
(e) the commission shall estimate each year the safe yield of Costilla reservoir system and 
its component parts as far in advance of the irrigation season as possible, and shall review 
and revise such estimates from time to time as may be necessary. 
 
In the event the usable capacity of the Costilla reservoir changes, the average safe yield 
and the equitable division thereof between the states shall be determined in accordance 
with the following table: 
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In the event of change in the usable capacity of the Costilla reservoir, the Costilla 
reservoir complement of the Costilla reservoir system safe yield shall be divided between 
Colorado and New Mexico in accordance with the percentages given in columns 4 and 6, 
respectively, of the above table. 
Each state may draw from the reservoir in accordance with the allocations made herein, 
up to its proportion of the Costilla reservoir complement of the Costilla reservoir system 
safe yield and its proportion of temporary storage and no more. Colorado may call for the 
delivery of its share thereof at any of the specified points of interstate delivery. 
 
Deliveries of water from Costilla reservoir to the canyon mouth shall be adjusted for 
transmission losses, if any, between the two points. Deliveries to Colorado at the 
boundary shall be further adjusted for transmission losses from the canyon mouth to the 
respective points of interstate delivery. Water stored in Costilla reservoir and not released 
during the current season shall not be held over to the credit of either state but shall be 
apportioned when the safe yield is subsequently determined; 
 
(f) the Colorado apportionment of surplus water, as allocated in Article IV (f), shall be 
delivered by New Mexico at such points of interstate delivery and in the respective 
quantities, subject to transmission losses, requested by the Colorado member of the 
commission; 
 



202 

 
 

(g) in the event that additional water becomes usable by the construction of additional 
storage facilities, such water shall be made available to each state in accordance with 
rules and regulations to be prescribed by the commission; 
 
(h) when it appears to the commission that any part of the water allocated to one state for 
use in a particular year will not be used by that state, the commission may permit its use 
by the other state during that year, provided that a permanent right to the use of such 
water shall not thereby be established. 
 

ARTICLE VI 
 
The desirability of consolidating various of the direct flow ditches serving the Costilla-
Garcia area, which are now or which would become interstate in character by 
consolidation, and diverting the water available to such ditches through a common 
headgate is recognized. Should the owners of any of such ditches, or a combination of 
them, desire to effectuate a consolidation and provide for a common headgate diversion, 
application therefor shall be made to the commission which, after review of the plans 
submitted, may grant permission to make such consolidation. 
 

ARTICLE VII 
 
The commission shall cause to be maintained and operated a stream- gaging station, 
equipped with an automatic water-stage recorder, at each of the following points, to wit: 
 
(a) on Costilla creek immediately below Costilla reservoir; 
 
(b) on Costilla creek at or near the canyon mouth above the headgate of Cerro canal and 
below the Amalia area; 
 
(c) on Costilla creek at or near the boundary; 
 
(d) on the Cerro canal immediately below its headgate; 
 
(e) on the Cerro canal at or near the boundary; 
 
(f) on the intake from Costilla creek to the Eastdale reservoir no. 1, immediately above 
the point where the intake discharges into the reservoir; 
 
(g) on the Acequia Madre immediately below its headgate; 
 
(h) on the Acequia Madre at the boundary; 
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(i) similar gaging stations shall be maintained and operated at such other points as may be 
necessary in the discretion of the commission for the securing of records required for the 
carrying out of the provisions of the compact. 
 
Such gaging stations shall be equipped, maintained and operated by the commission 
directly or in cooperation with an appropriate federal or state agency, and the equipment, 
method and frequency of measurement at such stations shall be such as to produce 
reliable records at all times. 
 

ARTICLE VIII 
 
The two states shall administer this compact [this section] through the official in each 
state who is now or may hereafter be charged with the duty of administering the pub lic 
water supplies, and such officials shall constitute the Costilla Creek Compact 
commission. In addition to the powers and duties hereinbefore specifically conferred 
upon such commission, the commission shall collect and correlate factual data and 
maintain records having a bearing upon the administration of this compact. In connection 
therewith, the commission may employ such engineering and other assistance as may be 
reasonably necessary within the limits of funds provided for that purpose by the states. 
The commission may, by unanimous action, adopt rules and regulations consistent with 
the provisions of this compact to govern its proceedings. The salaries and expenses of the 
members of the commission shall be paid by their respective states. Other expenses 
incident to the administration of the compact, including the employment of engineering 
or other assistance and the establishment and maintenance of compact gaging stations, 
not borne by the United States shall be assumed equally by the two states and paid 
directly to the commission upon vouchers submitted for that purpose. The United States 
geological survey, or whatever federal agency may succeed to the functions and duties of 
that agency, shall collaborate with the commission in the correlation and publication of 
water facts necessary for the proper administration of this compact. 
 

ARTICLE IX 
 
This amended compact shall become operative when ratified by the legislatures of the 
signatory states and consented to by the congress of the United States; provided, that, 
except as changed herein, the provisions, terms, conditions and obligations of the Costilla 
Creek Compact executed on September 30, 1944, continue in full force and effect. 
 
In witness whereof, the commissioners have signed this compact in triplicate original, 
one copy of which shall be deposited in the archives of the department of state of the 
United States of America, and one copy of which shall be forwarded to the governor of 
each of the signatory states. 
 
Done in the city of Santa Fe, New Mexico, on the 7th day of February, in the year of our 
Lord, one thousand nine hundred and sixty-three. 
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J. E. Whitten Commissioner for Colorado 
 
S. E. Reynolds Commissioner for New Mexico 
 
State ratifications. 
New Mexico, enacted by Laws 1963, ch. 256, § 1, 1978 Comp., § 72-15-13 
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APPENDIX D: CONFLICT CODING FORM 
 
 
____________________________    Last Revised/May 2007  
Conflict Name and Basin    
 

INTERSTATE RIVER COMPACTS PROJECT 
CONFLICTS FORM 

 
METHODOLOGY 
Operationalization of a “conflict” – a dispute or disagreement by two or more parties 
over the allocation,  distribution or scarcity of water resources; ; or over water quality; or 
over protection of aquatic species and habitat in the river basin governed by any of the 
compacts in this study.  For the purposes of this study, we will not code allocation/use 
disputes over a single water use or over the interpretation or development of prior 
appropriation principles (e.g. disputes that seek to define beneficial use or the definition 
of a water diversion).  Thus, disputes seeking to define property rights at the individual 
water user level will not be coded.  We will code disputes that involve multiple states, 
multiple uses (recreation vs. municipal vs. species), groundwater and surface water 
interactions, water quality issues, or endangered species. The conflict may be exhibited in 
a variety of forums, including courts, commissions, administrative agencies, or public 
media. We will focus on conflict events that have occurred since each compact was 
signed. We will also code any major conflicts that were the basis for the creation of the 
compact. 
 

• Because conflicts can evolve and change substantially over time, we will 
code conflict events, separating out related conflicts from one another. To 
identify specific conflict “events”, separate a related conflict within the 
same river basin using the following criteria: 

o Did a rule change (state law, federal law, administrative rule, or 
compact provision) as a result of (or to address) the conflict? 

o Have the actors in the conflict changed? 
o Has the problem been redefined by the actors involved? 

 
Data Sources of for conflict identification: 
Coders should identify as many independent sources of the conflict as possible.  All 
relevant sources for a particular conflict should be saved and identified in the coding 
form.  Sources may come from: 

• Compact commission reports 
• Lexis-Nexis – Supreme Court Cases 
• Lexis-Nexis – State Supreme Court Cases 
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• Lexis-Nexis Environmental – state news stories (search each state that is 
member to a compact) 

• Newspaper searches in each state (of the major city or capitol) dating back 
to the inception of the compact. 

• Online water news databases (Environmental News Network, SAHRA 
Global Water News Watch) 

• Law review articles (searched through Lexis Nexis) 
• Other secondary sources (academic articles, books) searched through 

major databases (ProQuest, EBSCO, JSTOR, etc.) 
 
Key Terms for Searching Databases: 

• Name of River Basin (and/or states) + conflict, dispute, complaint, 
competing, “water war”, lawsuit, court case, threats, battle, violence, 
protests, disagreement, clash………….. 

Coding Form 
 
A. Type and Source of Conflict 

1. Which river basin (and compact?) is this conflict associated with? 
 

 
2. Briefly describe the conflict. Then specify below if this is a boundary conflict or 

one that involves both boundary and use conflicts. 
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________ 

 
Boundary conflict 

a. Is this conflict about who is authorized to use water? Y/N 
b. Is this conflict about where water can be appropriated or put to use (what 

portion or reach of the river can be used)?Y/N 
c. Is this conflict about what type of water is included within the 

compact?Y/N 
d. Is this conflict about the quality of water?Y/N 
e. Is this conflict about habitat/species protection?Y/N 

Use conflict 
f. Is this conflict about how much water a particular user can/should 

appropriate?Y/N 
g. Is this conflict about how to distribute water amongst multiple users 

(how much, when)?Y/N 
h. Is this conflict about actions that affect water quality or habitat/species? 

Y/N 
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3. Does this conflict involve a claim about the violation of compact rules?Y/N 

a. If so, which one/s? 
 

4. What year did the conflict start? 
a. Was this conflict the basis for entering into the compact in this basin? 

 
5. What year did the conflict end? 

a. Is this an ongoing event? Y/N 
 
6. Is this conflict related to other conflicts (over time or other issues) within the 

basin? Y/N Describe______________  
 
7. Categorize the problems underlying the conflict  

a. Appropriation (demand exceeding available flows) 
b. Competing demands for river flows 

i. Competing groundwater and surface water uses 
ii. Competing appropriation uses with species/habitat needs 

iii. Competing municipal and agricultural uses 
c. Patchiness of flows (timing of flows mismatched to demand) 
d. Impaired quality of flows 
e. Provision of public goods – enhancing, restoring, maintaining the basin 
f. Conflicting cross-scale rules  

i. Federal law affects the exercise of a state water right 
ii. State water law conflicts with compact rules 

g. Competing interpretations of scientific information, modeling, or planning 
assumptions.   

i. Conflict over modeling assumptions 
1. water demand projections 
2. water supply projections 
3. operations criteria 
4. water quality impacts 
5. Other, describe___________ 

ii. Conflict over scientific uncertainty regarding hydrologic processes 
1. runoff/precipitation 
2. water quality impacts (i.e. pollution diffusion) 

iii. other ____________ 
 
8. Did any particular “focusing” events precede or fuel the conflict? (listing of 

endangered species, drought, new development, building a new dam on the river, 
etc.) 

 
9. In what forum/s has the conflict been discussed or exhibited? (check all that 

apply) 
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a. The commission 
b. Courts 
c. State water agencies 
d. Legislative or policy debate 
e. Open public debate (via media) 
f. Other (describe) 

 
10. List any key sources of information (dates and authors) that reference this conflict 

(news articles, journal articles, legislative records, court records). (Can enter 
directly into DB) 

 
B. Parties to conflict 

 
1. Who is involved in conflict?  

a. States (list) ________ 
i. Identify any state agencies that have been named in the 

conflict_____ 
b. Irrigators (list any districts or associations)_________ 
c. Federal government (list any agencies)_______ 
d. Municipal water users (list)________ 
e. Conservation/environmental groups (list)______________ 
f. Power generation 
g. Tribes_____________ 
h. Other (list)______________ 
 

2. If this conflict involves a lawsuit, who are the parties to the suit? 
 
3. Do the parties in the conflict have a history of prior conflicts? 
 
4. How is each of the party’s interests affected in this conflict? 

a. Who is claiming “injury”? 
 
b. What is the injury or problem affecting each claimant? 

Claimant 1: _________ 
Claimant 2:__________ 
Claimant 3:__________ 
Claimant 4:__________ 

c. For each “claimant” party, whom do they see as causing the injury? 
Claimant 1: _________ 
Claimant 2:__________ 
Claimant 3:__________ 
Claimant 4:__________ 
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d. For each party in the dispute who is NOT claiming injury, describe their 
position 
Party 1 (non-claimant): _________ 
Party 2 (non-claimant):__________ 
Party 3 (non-claimant):__________ 
 

 
5. Describe each party’s demands or expectations in this conflict (what do they 

want?). 
 

Party   Demand  
1. ______________ ______________________________ 
2. ______________ _______________________________ 
3. ______________ _______________________________ 
4. ______________ _______________________________ 

 
 
 
C. Conflict Boundaries 

1. What is the physical location in the river basin where the conflict arose?  
a. The entire river as defined in the compact 
b. More than the river encompassed in the compact  

i. An entire watershed 
ii. The river plus groundwater 

c. A portion of the river encompassed in the compact (sub-basin, or reach) 
i. Define_______________________ 

d. Other (describe)_______________ 
 
2. Is project water involved?Y/N  

a. (If so, which one and where)___________ 
 
3. Is groundwater involved? Y/N 

a. (Which basin and where)_______ 
 

4. Are any species a source of this conflict?Y/N   
a. If so, name________ 
b. What is their habitat range? 
c. Are they endangered? 
 

5. Are any federal reserved water rights a problem in this conflict?Y/N 
a. If so, which ones? 
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6. Is water quality a problem in this conflict? Y/N 

a. If so, what or who is the source of the water quality problems? 
b. Where is the source located? 

 
7. List each of the parties to the conflict and answer the following questions: 

Party 1:_______  
i. Do they encompass the entire basin?  Y/N 

ii. Are they upstream or downstream?  
iii. What counties (and states?) are they located in?_______ 
iv. If applicable, what sub-basin or reach of the river are they located 

in? ______ 
v. Are any actors not directly located within the river basin? 

(describe)_________ 
Party 2:___________ 

vi. Do they encompass the entire basin?  Y/N 
vii. Are they upstream or downstream?  

viii. What counties (and states?) are they located in?_______ 
ix. If applicable, what sub-basin or reach of the river are they located 

in? ______ 
x. Are any actors not directly located within the river basin? 

(describe)_________ 
 

Party 3:___________  (etc.) 
 

D.  Resolution of conflict 
1. Has the conflict been resolved? Y/N  

a. If so, what year?______ 
 
b. If not, have any attempts been made to resolve the conflict? Y/N 

When? 
 
2. What venue/s were used for addressing the conflict? 

a. Courts?  Y/N 
i. If yes, which court? 

ii. Any court ordered arbitration?  Y/N 
b. Mediation? Y/N 
c. Informal negotiations between states? Y/N 
d. Compact commission? Y/N 
e. Intervention by federal agency?  Y/N 

i. If yes, which one? 
f. Legislatures? Y?N 

      ii. If yes, which one(s)? 
      g. other 
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3. Which conflict resolution venue was used to approve settlements? 

a. Commission 
b. State water agencies 
c. Courts 
d. Arbitrators 
e. Legislatures 
f. other 

 
4. Has a compact state filed a petition with the U.S. Supreme Court requesting 

permission to sue another compact state? 
a. ____ yes 

i. List states that have filed and dates of 
filing:_____________________ 

ii. Has the Supreme Court agreed to exercise original jurisdiction? 
1. ____ yes, for following filings: 
2.  ____ no, states negotiated a settlement before Supreme 

Court accepted case 
3.  ____ no, Supreme Court refused to accept the case 

 
b.  ____ no 
c. _____ Not Applicable 

 
 

5. If Supreme Court case, 
a. Who presented the case for each party? 
 
b. Who was the special master assigned to the case? 

i. What information (e.g. hydrologic models, stream flow data, 
etc.) did the special master’s use in analyzing the case? 

 
c. What reports have been produced by the special master? 

 
d. Was the case ever withdrawn from the Court? Y/N 

i. If so, why? 
e. Did the parties negotiate a settlement that was incorporated within the 

Special Master’s final report? Y/N   
 
f. What decision did the Court reach? 

i. Did the Court fully accept the Special Master’s report/s? Y/N 
1. If no, what portions did the Court accept? 
2. If no, what portions did the Court reject? 
 

g. How many years was this case under the Court’s jurisdiction? 
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6. Did the settlement involve any reparations for violating the terms of the 

compact?Y/N 
a. If so, who pays? 
b. How much? 
c. Is the money targeted toward any particular uses? Y/N 
d. If a Supreme Court case, were the settlement terms recommended by the 

special master?Y/N 
 

7. Did the conflict settlement require the development of a river operations model?  
Y/N 

a. If so, which conflict venue required the model? 
i. Commission 

ii. State water agencies 
iii. Courts 
iv. Arbitrators 
v. Legislatures 

vi. other 
b. If so, did the conflict resolution define the model assumptions? Y/N 
c. If it defined model assumptions, describe_______________ 

 
8. Were changes made to the compact in resolving the conflict?Y/N 

a. If so, describe_____________ 
 

9. Were changes made to state laws in resolving the conflict?Y/N 
a. If so, identify___________ 
 

10. Were changes made of other water allocation rules in the basin (e.g. sub-state 
rules, water project contracts) in resolving the conflict?Y/N 

a. Describe________________ 
 
11. Were changes made to water management strategies in the basin (without formal 

rule changes) in resolving the conflict?Y/N 
a. Describe_________________ 

 
12. Was a protest or challenge dropped as part of the outcome? Y/N N/A 
 
 
13. Was information gathered as part of the outcome of the conflict? (Only answer yes if 
information gathering was specific to the conflict and it is an explicit aspect of the 
outcome of the conflict) Y/N 
 
 



213 

 
 

14. Was maintaining the status quo the outcome? (can only answer yes if answered no to 
8, 9, 10, 11, 12) Y/N 
 
Answer questions 15-17 for outcomes of court cases (other than the U.S. Supreme Court). 
Use the highest court’s decision. 
 
15. Did the court uphold the legality (or constitutionality) of a law or administrative 
action or rule? Y/N/NA 
 

15a. If yes to 15, did the court allow a particular action by a defendant to 
continue? Y/N/NA 
 

15b. If no to 15, did the court interpret a law or administrative decision to be 
illegal or unconstitutional? Y/N/NA 
 
16. Did the court find that a defendant is violating a law or rule? Y/N/NA 
 

16a. If yes to 16, did the court mandate any actions to ensure the defendant’s 
compliance with the law? Y/N/NA 

 16ai: Briefly describe:______________ 
 

16b. If yes to 16, did the court require any remedies for lack of compliance? 
Y/N/NA 

 16bi: Briefly describe:_______________ 
 
17. Was the case dropped or dismissed before a ruling on the claims could be made? 
Y/N/NA 
 

17a. If yes to 17, were any other agreements made by the parties to settle the 
issue? Y/N 

 17ai: Briefly describe:______________ 
 
18. Were any other outcomes associated with this case? Y/N 
 18a. Briefly describe:__________________________  
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APPENDIX E: HYDROLOGIC UNIT CODE & COUNTY INFORMATON 
 

Rio Grande Basin 
 

States involved in the compact:      Colorado, 
New Mexico, Texas 
Compact includes Rio Grande and all tributaries above Fort Quitman, Texas. 
Compact also includes San Luis Lakes, a closed basin in Colorado. 
 
Hydrologic Unit Codes & USGS Cataloguing Units: 
USGS Region:   Rio Grande  
 
4-digit:  1301: Colorado  
  1302:  New Mexico 
  1303: New Mexico 
  1304: Texas 
      

6-digit:  130100: Southern Colorado enters New 
Mexico 

  130201: Northern New Mexico enters 
southern Colorado 

  130202: Central New Mexico 
  130301: Eastern New Mexico enters Texas, 

shares Int’l border 
  130402: Southwestern Texas 
     

8-digit:  13010001: Rio Grande 
Headwaters (CO) 
  13010002: Alamosa-Trinchera 

(CO, NM) 
  13010003: San Luis (CO) 

(San Luis Lake 
system) 

  13010004: Saguache (CO) 
  13010005: Conejos (CO, NM) 
  13020101: Upper Rio Grande 

(CO, NM) 
  13020102: Rio Chama (CO, NM) 
  13020201: Rio Grande-Santa Fe 

(NM) 
  13020202: Jemez (NM) 
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  13020203: Rio Grande-
Albuquerque (NM) 

  13020204: Rio Puerco (NM) 
  13020205: Arroyo Chico (NM) 
  13020206: North Plains (NM) 
  13020207: Rio San Jose (NM) 
  13020208: Plains of San Agustin 

(NM) 
  13020209: Rio Salado (NM) 
  13020210: Jornada Del Muerto 

(NM) 
13020211: Elephant Butte 

Reservoir (NM) 
  13030101: Caballo (NM) 
  13030102: El Paso-Las Cruces 

(NM) 
  13030103: Jornada Draw (NM) 
  13030201: Playas Lake (NM) 
  13030202: Mimbres (NM) 

13040100: Rio Grande – Fort 
Quitman (TX) 
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Counties by State: 

 Colorado: Alamosa, Archuleta, Chaffee, Conejos, Costilla, Custer, Fremont, 
Hinsdale, Huerfano, 

Mineral, Rio Grande, Saguache, San Juan 
 

New Mexico: Bernalillo, Catron, Cibola, Colfax, Dona Ana, Grant, Los Alamos, 
McKinley, Mora, Rio Arriba, Sandoval, San Miguel, Santa Fe, 
Sierra, Socorro, Taos, Torrance, Valencia  

 
Texas:  El Paso, Hudspeth   
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Watersheds and Associated Counties 

 

Watershed Name  Counties  

Rio Grande Headwaters Hinsdale Saguache San Juan Mineral 
Rio 
Grande     

Rio Arriba Taos Archuleta Conejos Costilla Saguache Alamosa Alamosa-Trinchera 
Rio Grande Huerfano           

Costilla Saguache Alamosa Chaffee Custer 
Rio 
Grande Fremont San Luis 

Huerfano             
Saguache Saguache Mineral Rio Grande         
Conejos Rio Arriba Archuleta Conejos         

Los 
Alamos Rio Arriba Taos Colfax Conejos Costilla Sandoval Upper Rio Grande 
Santa Fe Mora           

Rio Chama Rio Arriba Taos Archuleta Conejos Sandoval     

Rio Grande-Santa Fe Bernalillo 
Los 
Alamos San Miguel Sandoval Santa Fe     

Jemez 
Los 
Alamos Rio Arriba Sandoval         

Rio Grande-
Albuquerque Bernalillo Torrance Sandoval Socorro Valencia     
Rio Puerco Bernalillo Cibola Rio Arriba McKinley Sandoval Socorro Valencia 
Rio Salado Catron Cibola Socorro         
Elephant Butte 
Reservoir Catron Socorro Sierra         
Caballo Catron Sierra Grant         
El Paso-Las Cruces Dona Ana El Paso Sierra Grant       
Rio Grande-Fort 
Quitman El Paso  Hudspeth           
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Pecos River Basin 
States involved in the compact:  New Mexico, Texas 

      
 

Hydrologic Unit Codes & USGS Cataloguing Units: 
USGS Region:   Rio Grande  
4-digit:  1306: New Mexico 

 1307: New Mexico into Texas, mostly Texas 
 1304: Texas 
   

6-digit:  130600: New Mexico (touches border of Texas only) 
 130700: Northern edge is in New Mexico, mostly in Texas 
 130402:  Western Texas at edge of international border 

 
8-digit:  13060001: Pecos Headwaters (NM) 

      13060002: Pintada Arroyo (NM) 
 13060003: Upper Pecos (NM) 
 13060004: Taiban (NM) 
 13060005: Arroyo Del Macho (NM) 

13060007: Upper Pecos – Long Arroyo 
(NM) 

 13060008: Rio Hondo (NM) 
 13060009: Rio Felix (NM) 
 13060010: Rio Penasco (NM) 
 13060011: Upper Pecos – Black (98% NM) 

13070001: Lower Pecos – Red Bluff 
Reservoir (98% TX) 

 13070002: Delaware (98% TX) 
 13070003: Toyah (TX) 

13070006: Coyanosa-Hackberry Draws 
(TX) 

 13070008: Lower Pecos (TX) 
 13070009: Tunas (TX) 
 13070010: Independence (TX) 
 13070011: Howard Draw (TX) 
 13040212: Amistad Reservoir (TX) 
   

Counties by State: 
New Mexico:   Chaves, Curry, De Baca, Eddy, Guadalupe, Lea, Lincoln, Mora, Otero, 
Quay, Rio Arriba, Roosevelt, Santa Fe, San Miguel, Torrance 
 
Texas: Brewster, Crane, Crockett, Culberson, Jeff Davis, Loving, Pecos, Presidio, 

Reagan, Reeves, Terrell, Upton, Val Verde, Ward, Winkler  
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Individual Watersheds and Associated Counties 
 

Watershed Name  Counties  
Pecos Headwaters Quay Rio Arriba San Miguel Torrance Guadalupe Santa Fe Mora 
 De Baca       
Pintada Arroyo San Miguel  Torrance  Guadalupe     
Upper Pecos Quay Roosevelt Torrance Chaves Guadalupe Lincoln De Baca 
Taiban Quay Roosevelt Guadalupe Curry De Baca   
Arroyo Del Macho Chaves Lincoln De Baca     
Upper Pecos-Long Arroyo Roosevelt Chaves Eddy Lea    
Rio Hondo Chaves Otero Lincoln     
Rio Felix Chaves Otero Lincoln     
Rio Penasco Chaves Eddy Otero     
Upper Pecos-Black Culberson Chaves Eddy Lea Otero   
Lower Pecos-Red Bluff 
Reservoir Culberson Pecos Brewster Crane Eddy Lea Loving 
 Ward Reeves Winkler     
Delaware Culberson Eddy      
Toyah Pecos Jeff Davis Reeves     
Coyanosa-Hackberry 
Draws Pecos Brewster Jeff Davis Presidio Reeves   
Lower Pecos-Red Bluff 
Reservoir Pecos Terrell Upton Val Verde Crane Reagan Crockett 
Tunas Pecos       
Independence Pecos Terrell      
Howard Draw Val Verde  Reagan Crockett     
Amistad Reservoir Terrell  Val Verde      
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Costilla Creek Basin 
 
States in compact:  Colorado, New Mexico 
  
USGS Region:  Rio Grande 
 
Hydrologic Unit Codes & USGS Cataloguing Unit: 1302 
 
  13020101 – Upper Rio Grande (CO, NM) 
    
Counties (by state) 
Colorado 
Conejos, Costilla 
 
New Mexico  
Colfax, Los Alamos, Mora, Rio Arriba, Sandoval, Santa Fe, Taos 
 
 
Individual Watersheds and Associated Counties 

  
Upper Rio Grande 
Colfax, Conejos, Costilla, Los Alamos, Mora, Rio Arriba, Sandoval, Santa Fe, Taos 
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APPENDIX F: RIO GRANDE MAPS 
 

Maps – Geography of Conflict (through time) 
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Maps – Underlying Problems to Conflict in the Rio Grande Basin 
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Maps – Location of Conflict Resolution Methods Used to Resolve Conflicts in the Rio 
Grande Basin 
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Maps – Conflict Density and Population Change in the Rio Grande Basin 
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APPENDIX G: PECOS RIVER MAPS 
 

Maps – Geography of Conflict (through time) 
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Maps – Underlying Problems to Conflict in the Pecos River Basin 
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Maps – Location of Conflict Resolution Methods Used to Resolve Conflicts in the Pecos 
River Basin 
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Maps – Conflict Density and Population Change in the Pecos River Basin 
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