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EXECUTIVE SUMMARY 

For centuries, scant water supplies dictated settlement patterns and life cycles in Far West Texas. Life 
depended on close proximity to the few water bodies, with the remaining space left vast and deserted. 
However, modern water technologies like dams, reservoirs, and aqueducts have allowed the desert to 
bloom. Cities along the Rio Grande continue to grow. Large swaths of landscape are now perpetually 
green with rows of produce. While the region has prospered from these innovations, the environment has 
suffered. There are long segments of the Rio Grande that consistently have no flow, nicknamed the 
“Forgotten Reach.” Numerous species in the region are considered threatened or endangered under the 
Endangered Species Act. The river is in peril and so too are the people who depend on it.  
 
The implications of the failing ecosystem have not gone unnoticed. Regional stakeholders have attempted 
to remedy the manifold issues through various task forces, basin assessments, initiatives, and outreach 
programs. However, these initiatives can only go so far. The real issue at hand is that there is simply not 
enough water to go around. Fierce competition for water between municipalities, agriculture, and industry 
leaves little room for nature. Unfortunately, the problem cannot be fixed with more dams and reservoirs, a 
solution that has been championed in the past. Thus, it necessary for this water-scarce region to rethink 
the way it manages its water resources. 

One management solution is the use of water markets. If set up correctly, water markets have the potential 
to stimulate water savings, improve water’s productivity and allocation efficiency, and return water to 
nature. The Nature Conservancy is particularly interested in water markets’ capability to return water to 
nature. The Nature Conservancy of Texas (TNC-Texas) and TNC (TNC-Global) are pursing efforts to 
identify and acquire water rights that could be dedicated or in other ways managed for the benefit and 
protection of environmental flows. Due to recent alliances and funding streams, TNC is particularly 
interested in water rights in the Lower Pecos and Upper Rio Grande watersheds, sub-watersheds of the 
Rio Grande in Far West Texas.  

Before any transactions are made, The Nature Conservancy must determine which water rights they are 
interested in acquiring. TNC has been working on a water rights mapping platform that allows them to 
assess how much water is left in the river after the initial diversion, where the return flows go, and if 
purchased water will reach TNC’s designated priority streams. However, this analysis is limited when 
water rights are not in the correct location. Thus, this project remedied these inaccuracies in the Lower 
Pecos and Upper Rio Grande by moving the water right to the correct location.  

The resulting products are a static map and web application version that contain the water rights along 
with other important features like watershed boundaries, water monitoring stations, priority stream 
segments, and endangered species’ ranges. With water rights in the correct location, it is possible to 
characterize how water is used in the region and by whom. This report highlights the major water users in 
each watershed and explains their operations in detail. The Nature Conservancy intends to use the map 
and supporting documentation as a decision support tool for their ecosystem restoration projects. 

While the who, what, and where of water use are important factors, The Nature Conservancy must also 
examine the nuances of water markets prior to their participation. Water markets are inherently 
complicated and controversial due to the legal framework as well due to negative community perceptions. 
This report emphasizes some of the key legal and third-party considerations TNC should evaluate as part 
of their decision analysis. Through careful consideration of all relevant factors, TNC can work to 
overcome these obstacles and acquire water rights for their ecosystem rehabilitation work.  
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INTRODUCTION  
Water scarcity is a fact of life in Far West Texas. The region, stretching from El Paso nearly to Odessa 
and down to the Amistad Dam, receives an average 12.9 inches of rain.  High evaporation rates1 
exacerbate the scant rainfall and give rise to frequent drought conditions. According to the Far West 
Texas Regional Water Planning Group, the region is “perennially under drought or near-drought 
conditions” (Far West Texas Regional Water Planning Group [FWTRWPG], 2016). While drought can be 
defined in various ways,2 the U.S. Drought Monitor’s intensity index indicates that the region has 
experienced numerous severe to exceptional droughts throughout the past century, most notably in the 
1950s, 1990s, 2000s, and 2010s (Region F Water Planning Group [Region F], 2016). The recent 2011 
drought is now considered Texas’ worst one-year drought on record (Fernando et al., 2016; Hoerling et 
al., 2013; Long et al., 2013; Nielsen-Gammon, 2011).   
 
Prior to technological advances in water manipulation, these frequent droughts shaped the landscape; 
water scarcity dictated settlement patterns and life cycles. Early settlements and transportation routes 
were often selected for their proximity to water; old regional maps seem to draw a line connecting the 
various springs and rivers (FWTRWPG, 2016; Region F, 2016; Texas Historical Commission, 2016). 
Plants and animals endemic to the region have also adapted to the harsh climate. The symbolic desert 
cactus, for instance, has evolved a large, superficial root system that captures any soil moisture and stores 
it in its succulent tissue (Monneveux & Belhassen, 1996). Despite these adaptations, plant, animals, and 
humans alike have all found this arid area largely inhospitable until recent years.  
 
Over the past several decades, innovation has allowed the desert to bloom. As Marc Reisner aptly put it, 
“Everything depends on the manipulation of water—on capturing it behind dams, storing it, and rerouting 
it in concrete rivers over distances of hundreds of miles. Were it not for a century and a half of messianic 
effort toward that end, the West as we know it would not exist.” The manipulation of water holds 
especially true in western Texas; the desert acquiesced to human development thanks to regional 
reservoirs like Elephant Butte and Red Bluff.  

The riverside cities of El Paso and Ciudad Juarez, one modest Native American settlements, are now 
sprawling metropolises with a combined population of 2.7 million people, a number that continues to 
grow (World Population Review, 2017).  Agriculture has also seen a similar trend. The barren 
Chihuahuan desert is no longer; now, rows of perpetually green fields dot the landscape as far as the eye 
can see. Crops ranging from cereal grains to water-intense pecans and cotton make up a significant 
portion of the regional economy (FWTRWPG, 2016).   

While the Texas economy has prospered from water-related technologies, the environment has declined. 
A 200-mile-long segment of the Rio Grande, spanning from Ft. Quitman to Presidio, has been nicknamed 
the “Forgotten Reach,” due to the little to no flow (FWTRWPG, 2016).  Major springs that feed the Rio 
Grande and Pecos rivers have also seen declining flow due to “groundwater development, brush 
infestation, and climatic conditions” (Region F, 2016). Some springs, like the historically significant 
Comanche Springs, have ceased flowing altogether (Region F, 2016). Diminished contributions from 
springs, in addition to heavy agriculture, and high evaporation rates, have resulted in poor water quality. 

                                                           
1 The average evaporation rate is 70 inches.  
2 Drought is frequently defined by a “prolonged period of below-normal rainfall”, or a meteorological drought. However, drought 
can also be characterized by low soil moisture (agricultural drought), deficient water supplies (hydrological drought), and impacts 
on society (socioeconomic drought). Region F, 2016.  
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Elevated levels of chlorines, sulfates, Total Dissolved Solids (TDS), arsenic, and mercury plague the 
Pecos River, lessening its utility as a prominent water resource (Region, F).  

Unfortunately, plants and animals are suffering the consequences of these impaired water bodies. In Far 
West Texas, there are over thirty birds, fish, mammals, and plants considered threatened or endangered 
under federal or state law (Texas Parks and Wildlife Department, 2016). Many of these species, like the 
Rio Grande Silvery Minnow, Pecos Gambusia, and the Southwestern Willow Flycatcher, are endemic to 
the region and rely on waters from the Rio Grande and Pecos River. The numerous threatened and 
endangered species are an indicator of ecosystem disrepair. It is evident that the river is in peril and so too 
are the people who depend on it.  

The implications of the failing ecosystem have not gone unnoticed. Regional stakeholders have attempted 
to remedy the manifold issues through various task forces, basin assessments, initiatives, and outreach 
programs. However, these initiatives can only go so far. The real issue at hand is that there is simply not 
enough water to go around. Fierce competition between municipalities, agriculture, and industry over 
water leaves little room for nature.  

The championed water supply solutions of the past, dams and reservoirs, are no longer viable options. In 
their most recent planning document, the Region F Water Planning Group put it succinctly, “A major 
constraint to enhancing water supply…is a lack of appropriate locations for new surface water supply 
development and lack of available water for new and/or existing surface water supply projects” (2016). 
The “era of reclamation” or supply augmentation is over (National Research Council, 1992).Thus, it is 
necessary for Far West Texas to rethink the way they manage their water resources if they expect 
continued prosperity. 

One innovative management technique Far West Texas could utilize is a water market. At the basic level, 
water markets function as a cap-and-trade program: a governing body sets a cap on total consumptive use, 
rights to use a portion of the water are legally defined, and rights can be exchanged among water users 
within the limit of the cap. If set up correctly,3 water markets have the potential to “stimulate water 
savings, increase water availability, improve community flexibility, improve water’s productivity and 
allocation efficiency, improve accounting for water use and availability, and return water to nature” 
(Richter, 2016).  

Water markets’ capability to return water for nature is of significant interest to The Nature Conservancy. 
The Nature Conservancy of Texas (TNC-Texas) and TNC (TNC-Global), are pursing efforts to identify 
and acquire water rights that could be dedicated or in other ways managed for the benefit and protection 
of environmental flows.4 Due to recent alliances and funding streams, TNC is particularly interested in 
water rights in the Lower Pecos and Upper Rio Grande watersheds, sub-watersheds of the Rio Grande.  

Before any transactions are made, The Nature Conservancy must determine which water rights they are 
interested in acquiring. TNC has been working on a water rights mapping platform that allows them to 
assess how much water is left in the river after the initial diversion, where the return flows go, and if 
purchased water will reach TNC’s designated priority streams (Trungale, 2016). However, this analysis is 
limited when water rights are not in the correct location. These errors frequently occur near river 
confluences or locations with numerous water features. The inaccurate diversion points reduce TNC’s 
ability to evaluate water rights and the water budget.  

                                                           
3 A discussion on the “correct” set-up of a water market is outside the scope of work. However, it must be transparent and have 
low transaction costs to function well.  
4 Environmental and instream flow refer to the same concept in this study.  
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Thus, this project remedied these inaccuracies in the Lower Pecos and Upper Rio Grande by moving or 
“snapping” the water right to the correct location. The resulting products are a static map and web 
application version that contains the water rights along with other important features like watershed 
boundaries, water monitoring stations, priority stream segments, and endangered species’ ranges. With 
water rights in the correct location, it is possible to characterize how water is used in the region and by 
whom. This report highlights the major water users in each watershed and explains their operations in 
detail. TNC intends to use the map and supporting documentation as a decision support tool for their 
ecosystem restoration projects. 

While the who, what, and where of water use are important factors, The Nature Conservancy must also 
examine the nuances of water markets prior to their participation. Water markets are inherently 
complicated and controversial due to the legal framework as well due to negative community perceptions. 
This report emphasizes some of the key legal and third-party considerations TNC should evaluate as part 
of their decision analysis. Through careful consideration of all relevant factors, TNC can work to 
overcome these obstacles and acquire water rights for their ecosystem rehabilitation work.  

BACKGROUND 
The Lower Pecos and Upper Rio Grande watersheds encompass twenty-three counties in western Texas. 
Commonly referred to as Far West Texas or the “Trans-Pecos” region, the area is characterized by an arid 
climate with dramatic changes in elevation and temperature. The high temperatures, combined with little 
precipitation, prevent many streams from flowing year-round; there are only two main, perennial rivers, 
the Rio Grande and the Pecos.   

 

Figure 1. Study area. The Lower Pecos watershed is depicted in green and the Upper Rio Grande in 
beige. 
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The lack of reliable surface water bodies has forced regional municipalities and irrigators to 
predominately use groundwater. Most water use occurs in the region’s most populous county, El Paso. In 
the other sparsely populated counties, irrigation is the largest water user.  Water use is legally defined 
under the doctrine of prior appropriations. Through this system, greater security is provided to those who 
began using or appropriating the water first.  
 
What makes prior appropriations useful to The Nature Conservancy is that allows for the transfer of water 
rights. A transfer can take on several forms and result in a change in ownership, “change in point of 
diversion, change in type of use, or change in location of use” (National Research Council, 1992). 
Through their innovative Water Sharing Investment Partnership, the Nature Conservancy is interested in 
purchasing water rights with the dual goal of generating returns and providing water for nature. 
  
ENVIRONMENT 
Far West Texas is home to an expansive range of geographies and species. From the river valleys up to 
Guadalupe Peak, there is significant elevation relief. Yet the entire region is considered part of the 
Chihuahuan Desert, the largest desert in North America (Schmidt, 2017). Temperature and precipitation 
varies with elevation with a slightly cooler and wetter climate at higher elevations. When temperatures are 
averaged, the region is 65 ℉ with wide diurnal variability (FWTRWPG, 2016).  

On average, Far West Texas receives 12.9 inches of precipitation, most of which falls in summertime, 
intense, convective storms (FWTRWPG, 2016). This meager rainfall does little to satiate the region’s 
thirst due to evaporation rates that far exceed rainfall. As a result, the region is continually “under drought 
or near-drought conditions” (FWTRWPG, 2016). The worst recorded drought occurred in the 1950s when 
record setting high temperatures and low precipitation caused a statewide, extreme drought for nearly a 
decade. Analyses have since revealed that the 1950s drought was the most severe drought Texas has 
experienced in 600 years (FWTRWPG, 2016). Regional and state water planners use the 1950s drought or 
the “Drought of Record” as the basis for all water planning, representing the worst-case scenario. 
However, tree-ring analyses indicate that there have been far more intense and long-lasting droughts in 
the past (Texas Water Development Board [TWDB], 2008) .  

Despite the harsh and variable climate, plants and animals have developed adaptation that allow them to 
flourish. In fact, the Chihuahuan Desert is considered one of the most biodiverse arid regions in the world 
with over 1,000 endemic plants alone (Center for Biological Diversity, n.d.; Hoyt, 2002). Yet the 
Chihuahuan Desert is also considered one of the most threatened ecosystems (Hoyt, 2002). The threat 
largely stems from human water modifications like channels, dams, diversions, and the like. These 
modifications alter the natural flow regime to the point where habitats become unsuitable or even 
inhospitable.  

The results of hydrologic alteration are evident in the number of threatened and endangered species in the 
region. There are seven federally-listed birds, six federally-listed fish, and two state-listed mollusks 
(Texas Parks and Wildlife Department, 2016). The most notable and important to The Nature 
Conservancy is the Rio Grande Silvery Minnow (Hybognathus amarus). This small fish requires specific 
hydrologic conditions like “shallow, quiet water,” but dams and diversion have made the river deep and 
quick (IUCN, 2012). The once abundant minnow now has a population of 78, excluding an experimental 
population that was released in the Big Bend region (IUCN, 2012).  

In addition to human development, climate change poses a significant threat to the silvery minnow and 
the other listed species. Studies indicate the American Southwest will be the “hardest hit” by climate 
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change (Kerr, 2008). However, it is unclear what “hardest hit” means since climate model outputs are not 
scalable to specific regions like Far West Texas. Over the next century, models predict that the region can 
expect a temperature increase anywhere from 1.8 to 9 °F (1-5 °C) (TWDB, 2008). The increased 
temperatures can have a dramatic effect on the region’s water resources, especially as it pertains to the 
timing and type of precipitation. For instance, more precipitation will come as rain instead of snow in the 
headwaters. This shift means that the once reliable snowmelt in the spring and summer is now longer 
available, likely reducing summertime flows (TWDB, 2008). When taken all together, climate change and 
human water modification have and will continue to negatively impact the environment.  

HYDROLOGY  
Water is a precious, but limited resource in arid Far West Texas. There are two main surface water bodies 
in the region, the Rio Grande River and the Pecos River. It is important to note that the region has other 
rivers and streams, like Independence Creek, that are important to wildlife and recreation; however, most 
streams are ephemeral and are thus not considered reliable (FWTRWPG, 2016). The region’s several 
aquifers, on the other hand, are more reliable and augment the water supply.  

Rio Grande River 
The Rio Grande, known as the Rio Bravo in Mexico, is one of the largest rivers in North America flowing 
1,896 miles and draining an expansive 336,000 square miles (Schmidt & Brand, 2016). The river begins 
its journey in the Colorado Rocky Mountains and winds its way through New Mexico until it reaches the 
Elephant Butte dam.  The dam, operated by the U.S. Bureau of Reclamation, dictates the river’s flow until 
it is joined by the Rio Conchos outside Presidio, Texas (FWTRWPG, 2016; Schmidt & Brand, 2016).  

Before connecting with the Rio Conchos, the Rio Grande’s flow is often nonexistent. This river segment, 
referred to as the “Forgotten Reach,” spans nearly 200 miles and lacks a defined channel and riparian 
vegetation (FWTRWPG, 2016). When there is water in the river, it is of poor quality often with salinity 
levels too high for drinking or irrigation. Unfortunately, salinity and low flow issues are not unique to the 
“Forgotten Reach;” main river segments experience these problems as well.  

The Nature Conservancy is working to address the issues of flow, salinity, and ecosystem health, 
especially on the river segments they’ve identified in their freshwater biodiversity conservation blueprint. 
They have targeted the stretch that flows through the Big Bend Ranch State Park and the adjacent Big 
Bend National Park, as well as the ephemeral tributaries in those parks. According to TNC, these select 
streams and river segments represent the “best areas for protection of the state’s rich freshwater 
biodiversity” (The Nature Conservancy, 2015).  

Pecos River 
Like the Rio Grande, the Pecos River also originates in the mountains and traverses both New Mexico 
and Texas. The 900 plus mile river is a main Rio Grande tributary, contributing around eleven percent of 
the Rio Grande’s annual flow (FWTRWPG, 2016; Hayter, 2010a). There are numerous dams along the 
river which have significantly altered the river’s hydrology; however, the most important dam to the 
Lower Pecos watershed in the Red Bluff dam. Located on the Texas-New Mexico border, the dam has the 
capacity to produce 2,300 kilowatts and store 307,000 acre-feet5 (Hayter, 2010b).  

Due to the geology of the surrounding rock, the reservoir leaches minerals that cause significant water 
quality impairment (FWTRWPG, 2016). The quality is further reduced by nearby oil and gas production 
as well as agriculture, resulting in elevated levels of Total Dissolved Solids (TDS), chlorides, sulfates, 

                                                           
5 One acre-foot is equivalent to 325,851 gallons. 
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and heavy metals (Region F, 2016). In fact, the water quality is so poor that is deemed unsafe for human 
consumption and is too salty for many crops (FWTRWPG, 2016). 

The Nature Conservancy is concerned about the water quality, particularly as it pertains to the impacts on 
wildlife. They have identified the lower reach of the river, near the confluence with the Rio Grande, as a 
priority in their freshwater biodiversity conservation blueprint. TNC is interested in protecting this 
portion of the river due to its substantial and diverse wildlife community.  

Other Surface Water Bodies 
Most surface water bodies in Far West Texas do not flow year-round, with a few notable exceptions. This 
trend can be attributed to the region’s high evaporation rates and low rainfall. However, there are some 
perennial streams like Independence Creek that maintain flow with contributions from groundwater.  

Independence Creek lies within a 20,000 plus acre preserve managed by The Nature Conservancy. The 
creek is a main tributary to the Pecos River, augmenting the river’s volume by forty-two percent. The 
additional, pure water from the creek helps reduce the Pecos’s Total Dissolved Solids (TDS) by half . The 
benefits derived from the additional water provide a “substantial contribution to the Pecos River corridor 
wildlife community downstream” (The Nature Conservancy, 2018).  

The creek itself is also home to numerous species, some of which are rare and endangered. The black- 
capped vireo and the Proserpine shiner are just two of the several endangered species that are offered 
protection by The Nature Conservancy’s preserve (The Nature Conservancy, 2018). Due to the creek’s 
importance to the regional ecology, The Nature Conservancy has listed it as a priority stream under its 
freshwater biodiversity conservation blueprint.  

Groundwater 
Although this study focuses on surface water, it’s important to acknowledge the interconnection between 
groundwater and surface water. As mentioned in the description of Independence Creek, groundwater 
provides water to surface water bodies though seepage and springs. 

There are several aquifers throughout the region, the largest of which are the Hueco-Mesilla Bolson, 
Edwards-Trinity Plateau, and the Pecos Valley (FWTRWPG, 2016). These aquifers give rise to numerous 
springs throughout the region. The Nature Conservancy is interested in the springs that either contribute 
to an ecologically significant stream identified in their blueprint and/or contain rare and endangered 
species such as Caroline Spring and Balmorhea Spring.  

WATER USE AND DEMAND 
Consistent with western water use, agriculture is the largest water user in Far West Texas. Over seventy 
percent of the total water is used to irrigate crops. However, most of the water comes from an aquifer 
rather than a river. Groundwater is more reliable and less polluted than surface water, two essential 
characteristics for agriculture production. Farmers who use surface water are primarily those situated 
along the Rio Grande or Pecos River, with the largest users in El Paso and Hudspeth counties 
(FWTRWPG, 2016). According to the 2016 Far West Texas Water Plan, irrigation water demand is 
projected to moderately decrease over the next fifty years (FWTRWPG, 2016). However, these 
projections are subject to change due to climatic and market variability.  

Municipalities make up the next largest water user group, consuming 179,609 acre-feet or 24 percent of 
the regional demand. Within the municipal users, El Paso’s water utility is the signal largest user. The El 
Paso Water Utility (EPWU) relies on both surface water from the Rio Grande and groundwater. When the 
river is in full supply conditions, the utility receives about half of its water from the Rio Grande 
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(FTWRWPG, 2016). Aside from the EPWU, most municipalities obtain their water from an aquifer. Over 
the next fifty years, municipal water demand is expected to increase over 75,000 acre-feet. The Far West 
Texas Regional Water Planning Group’s projections indicate that municipalities, particularly El Paso, will 
face a supply shortage.  

The remaining water users—mining, industry, hydroelectric, and livestock—make up four percent of the 
region’s water use. The main mining activities include oil and gas production and quarrying for gravel 
and talc (FWTRWPG, 2016). The Far West Texas Regional Water Planning Group anticipates that 
mining water demand will increase 3,000 acre-feet over the next fifty years. Industry water use is also 
expected to grow, specifically in El Paso and Hudspeth counties. Livestock production, on the other hand, 
requires little water and is not expected to grow. Despite its low water use, livestock production occurs in 
every county and is viewed as a cultural and economic staple (FWTRWPG, 2016).  

Table 1. 2015 Lower Pecos and Upper Rio Grande consumptive water use by category. Data was 
obtained and aggregated from the Texas Water Development Board’s 2015 Historical Water Use 
database. 

 

ECONOMY 
According to the Far West Texas Regional Water Planning Group, “the regional economy is 
predominantly comprised of agriculture, agribusiness, manufacturing, tourism, wholesale and retail trade, 
government, and military” (2016).  According to an economic analysis, the regional economy generated 
$35 billion dollars and supported 406,000 jobs in 2013 (FWTRWPG, 2016). Despite the diversified 
economy, agriculture is by-far the largest economic sector. Defined as both irrigated framing and cattle 
ranching, agriculture is a prominent facet of both the economy and culture. Most crop production occurs 
in Reeves and Pecos counties and along the Rio Grande floodplain. The region produces a variety of 
crops ranging from grain crops to cotton to tomatoes (FWTRWPG, 2016). With a few exceptions along 
the Rio Grande floodplain, most of the agriculture is irrigated using groundwater.  

DEMOGRAPHICS 
Far West Texas contains the least inhabited counties in Texas. The vast landscape has anywhere from one 
to four people per square mile, depending on the county (FTWRWPG, 2016).  The low population density  
and geographic isolation classifies these counties as “frontier” rather than rural (National Center for 
Frontier Communities, 2012). The exception to this sparse population trend is El Paso County.   

El Paso County has a population of 925,565 with a projected population of 1,488,870 by 2070. Ninety-
seven percent of the region’s population reside in El Paso County, with a concentration in the 
metropolitan hub, the City of El Paso. The City of El Paso is experiencing significant growth and is 
expected to reach over a million residents by 2050 (FWTRWPG, 2016). Although not in Texas, El Paso’s 
sister city, Ciudad Juarez, already has a million and half residents and a more accelerated growth rate than 
El Paso (FWTRWPG, 2016). Ciudad Juarez’s growth is important to note because the two cities share the 
same surface and groundwater sources.  

Irrigation Municipal Industry Hydroelectric Mining Livestock 
Surface Water 145,988 47,603 1,632 0 10 290 195,523
Groundwater 378,329 132,006 6,516 3,775 10,890 4,992 536,508

Source
Use

Total
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WATER RIGHTS  
Prior to examining the theory and application of water markets, it is first essential to understand what a 
water right is and how they function. In the Lower Pecos and Upper Rio Grande watersheds, surface 
water is governed under the doctrine of prior appropriations. 

This doctrine was established in the western United States as an alternative to the ill-fitting eastern system 
of riparian rights. Settlers, particularly miners, wanted water security in a region known for is hydrologic 
variability, a security that riparian rights could not offer (Craig, Adler, & Hall, 2017). Thus began the 
concept “first in time, first in right” where “those who hold more “senior” water rights—i.e., who began 
using water from a particular source earliest—are entitled to their full water right before “junior” right-
holders receive any water at all” (Craig et al., 2017). Texas began using this system in 1895 and has since 
made some modifications to the water right permitting process (TWDB, 2002).  

The Texas Water Code, §11.134, lays out the four conditions necessary to obtain a water right or permit. 
A new water permit must: (1) meet all necessary requirements; (2) withdraw from an available, 
unappropriated source; (3) put the water to beneficial6 use and does not impair an existing water right; (4) 
provide evidence that reasonable diligence will be used to avoid waste and achieve water conservation. 
Since the passage of Senate Bill 3 in 2007, new water permit applications must also “consider any 
applicable environmental flow standards” (Texas Water Code). While environmental flow considerations 
are an important step forwards in conserving the state’s natural resources, they do not apply to the Rio 
Grande basin because the river is considered “fully appropriated” and no new permits are being granted.  

Regardless of the environmental considerations, every water right contains information on the water 
volume and source, priority date, and use type7 (MacDonnell, 1990). Water rights can be viewed similarly 
to property rights with a few key exceptions. The first is that a water right is an usufructuary right 
meaning that “one has the right to take water from the river, but cannot own the river” (Cole, 1999). It’s 
the State of Texas, not individuals, who owns the river.  

In addition to the usufructuary aspect, water rights differ from other property rights because they must be 
used to be maintained (MacDonnell, 1990). This requirement has often been characterization by the 
common phrase “use it or lose it.” However, forfeiting a water right from non-use is difficult to legally 
prove and does not happen often (Craig et al., 2017). The final, unique aspect of water rights is that they 
are not tied to the land8 or a specific use type unlike property rights (National Research Council, 1992). 
This flexibility is essential to any water market since it allows for a change in a water right’s location and 
use type.  

WATER MARKETS 
For decades, economists, policy experts, and water managers have advocated for the use of water markets 
as a tool for improved water management (Chong & Sunding, 2006). What makes water markets so 
attractive is that they enable efficient allocation based on societal optimization without government 
interference (Chong & Sunding, 2006; Richter, 2016). When markets are well-designed and functioning, 
benefits such as, “stimulated water savings, increased water availability, improved community flexibility, 

                                                           
6 The Texas Water Code defines beneficial use as “the amount of water which is economically necessary for a purpose authorized 
by this chapter, when reasonable intelligence and reasonable diligence are used in applying the water to that purpose and shall 
include conserved water.” 
7 Water use type can be municipal, irrigation, industry, mining, hydroelectric power generation, and other.  
8 Unless they are appurtenant rights which are tied to the land. 
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improved water productivity and allocation efficiency, improved accounting for use and availability, and 
returned water for nature,” are realized (Richter, 2016).  

The basic requirements for any water market are that water rights are well-defined, exclusive, 
transferable, and enforceable against third parties9 (TWDB, 2002).  What makes a Far West Texas water 
market viable is that there is cap placed on the amount of water permitted; the Rio Grande watershed is 
considered fully appropriated and no new permits are being issued. Therefore, a water market can be 
viewed like a cap and trade program, similar to what is in place for carbon and sulfur dioxide (Debaere et 
al., 2014; Richter, 2016). In the case of water markets, buyers are defined as individuals or entities 
“looking for the right to use more water” and sellers “are willing to trade some [or all] of their water 
rights for monetary compensation” (Richter, 2016). It is important to note that water transfers are 
voluntary with the exception of eminent domain cases; nobody can be forced to buy or sell their water 
(TWDB, 2002).  

Water buyers and sellers can engage in numerous kinds of transactions, the most common of which are 
permanent sales, “water leases, water banks, dry year option arrangements, and transfers of salvaged 
[conserved] water” (National Research Council, 1992). Through a permanent sale, a seller complete 
renders her water right to the buyer. However, if a seller wants to retain ownership, they can lease their 
water right. A water lease works much in the same way as a property lease where a fixed amount of water 
is transferred for a specific timeframe (Gillian & Brown, 1997; TWDB, 2002). When the lease ends, the 
seller regains full ownership unless the lease is renewed.  

Another transfer option is to put a water right in the Texas Water Bank. Overseen by the Texas Water 
Development Board, the Texas Water Bank was created by the Texas Legislature to “facilitate the 
voluntary transfer of water and/or water rights, either surface or groundwater, between willing buyers and 
sellers” (TWDB, 2002). Since its establishment in 1993, eight water rights, totaling nearly 502 acre-feet, 
have been deposited (TWDB, 2002). The minimal number of rights underscores how infrequently buyers 
and sellers utilize the water bank option.  

Dry year options, on the other hand, are employed with increasing frequency (Gillian & Brown, 1997; 
National Research Council, 1992). Under this transfer scheme, a buyer is under contract to provide money 
to the seller every year, but the seller only exchanges water in dry-years (National Research Council, 
1992; TWDB, 2002). It is up to the buyer and seller to negotiate what constitutes a dry year, but it is often 
correlated with drought conditions. These transactions often occur between irrigators and municipalities 
where municipalities are looking to secure water supplies in times of drought (National Research Council, 
1992).  

State Involvement 
Through a transfer, a water right can be altered or amended in several ways. A transaction can result in a 
change in ownership, “ change in point of diversion, change in type of use, or change in location of use” 
(National Research Council, 1992). A transfer receives varying degrees of oversight from the Texas 
Commission on Environmental Quality (TCEQ) based on the type of change; simple ownership exchange 
receives the least oversight and change in location receives the most oversight.  

When a transfer involves a simple ownership change, meaning that all other right information stays the 
same, the buyer is required to file a change of ownership record with TCEQ (MacDonnell, 1990). 
However, if anything else changes like the type of use or location, then TCEQ’s involvement increases. 
                                                           
9 Third party refers to parties not included in the transaction. For more on third parties, see the Third-Party 
Considerations section.  
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Type of use changes require an administrative process; the buyer must answer a series of questions that 
the TCEQ will later review and likely approve.  (K. Wilson, personal communication, Feb. 28, 2018). 
According to the TCEQ’s Director of Water Availability, Kim Wilson, she is unaware of any instances 
where a change in type of use was denied.  

Change in location of use, on the other hand, receive significantly more oversight and has been denied in 
the past (K. Wilson, personal communication, Feb. 28, 2018). The first step in the process involves a 
technical review where the TCEQ models water availability to ensure both that the buyer can receive 
water and that other rights holders are not injured (K. Wilson, personal communication, Feb. 28, 2018). 
The buyer also has to provide notice of the transaction as stipulated by Texas Administrative Code 
§291.158.  The notice requirement provides transparency in the process and allows both water rights 
holders and third parties to contest the transfer. If the transaction is contested, then the protest is sent to 
the chief clerk and possibly forwarded to the state office of administrative hearings for an evidentiary 
hearing.   

A transfer that involves changing a location to a different river basin,10 known as an interbasin transfer, 
involves even more stringent oversight (TWDB, 2002). Following the passage of Senate Bill 1 in 1997, 
TCEQ now requires an “economic and environmental analyses, as well as a water-right analysis” for any 
interbasin transfer (TWDB, 2002). If the transfer meets all the prerequisites, then the transfer moves 
forward with the caveat that the priority date changes to a junior, or less secure, status (TWDB, 2002). 
These extensive requirements are put in place to discourage interbasin transfers. Thus, it is extremely 
necessary for any entity to consider hydrology when making a water transaction.  

Aside from reviewing transfers, the state requires all regional water planning groups to consider water 
markets as a water management strategy (Texas Water Code, §16.053(d)(5)). However, neither planning 
group overlying the Lower Pecos and Upper Rio Grande watersheds list water transactions as a proposed 
strategy. What is interesting is that both planning groups focus on supply side measures like desalination 
and groundwater extraction rather than water markets (FWTRWPG, 2016; Region F, 2016). Region F’s 
strategies even go so far as to suggest weather modification through cloud seeding to augment supplies to 
avoid demand side strategies like a market (Region F).  

Market Activity 
Despite the Texas Commission on Environmental Quality’s active and necessary role in overseeing 
transactions, they do not keep records of who is doing the buying and selling (K. Wilson, personal 
communication, Feb. 28, 2018). Thus, there is a significant gap in information when it comes to water 
market activity. Several academics have looked at broad trends in western water transfers and specific 
markets in places like Colorado and California, but none have spent time thoroughly investigating the 
Lower Pecos and Upper Rio Grande watersheds (Chong & Sunding, 2006; Debaere et al., 2014; Pritchett, 
Thorvaldson, & Frasier, 2008).   

Some private entities have capitalized on the opportunity to gather and maintain information on water 
markets. Their proprietary databases keep information on who is buying and selling and at what price. 
One entity, WestWater Research, has even given presentations before the House of Representatives 
Natural Resources Committee on the topic of Texas water markets (WestWater Research, 2016). 

Throughout the state, irrigators sell 72 percent of all water. The water is generally purchased by 
municipalities or other farmers at a price ranging from $50-275 acre-feet per year (WestWater Research, 
2016). While this information helps paint a broad picture of Texas water markets, it is important to 
                                                           
10 River basins are defined as the state’s major river basins or HUC2. 
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remember that “each regional market has distinct market drivers, pricing, and levels of trading activity” 
(WestWater Research, 2017). In fact, differences can even be seen within the same river basin.  

The water market in the Upper Rio Grande varies drastically from the Lower Rio Grande market. The 
Lower Rio Grande, defined as the watershed below Amistad dam that extends to the Gulf of Mexico, has 
a robust and active water market (WestWater Research, 2016). Analyses indicate that water is being 
transferred from low to high value uses, in accordance with market theory (Debaere & Li, 2016; Leidner, 
Rister, Lacewell, & Sturdivant, 2011). 

The Upper Rio Grande, on the other hand, is considered to be in the early stages of market development. 
There are only a few “sporadic surface transactions in urbanizing areas” (WestWater Research, 2016). 
The lack of attention given to the Upper Rio Grande could be a result of the relatively small transactions. 
However, this information is still necessary to entities like The Nature Conservancy for acquiring water 
rights in Far West Texas. Unfortunately, the lack of readily available information will further drive up 
transaction costs as The Nature Conservancy will need to spend time and resources to identify willing 
sellers.  

Notable Transactions 
Although it will be more time and resource intensive to select willing sellers and acquire their water 
rights, it is not an insurmountable challenge. In fact, it has already been done before by other 
environmental groups on the Rio Grande. Both the National Audubon Society and the Trans-Pecos Water 
and Land Trust have obtained water rights for environmental purposes.   

The National Audubon Society and its state chapter, Audubon New Mexico, received a donation of 799 
acre-feet or 260 million gallons for a one-time release on the Middle Rio Grande (National Audubon 
Society, 2016). Four Middle Rio Grande Pueblos and the Club at Las Campanas, a country club in Santa 
Fe, donated the water in an effort to protect riparian habitat critical to the endangered Southwestern 
Willow Flycatcher and the endangered Yellow-billed Cuckoo (National Audubon Society, 2016; Texas 
Parks and Wildlife Department, 2016). The release lasted 24 days and provided additional water to a 35-
mile stretch of the river in September 2016.  

In addition to The National Audubon Society, the Trans-Pecos Water and Land Trust has also 
successfully secured water for instream flow protection. The trust is a “non-profit organization working to 
improve the flows of the Rio Grande in far west Texas and the Big Bend” region (Trans-Pecos Water and 
Land Trust, n.d.). The trust recognizes the importance environmental flows play in protecting the natural 
and cultural heritage of the region and has acted to secure land around Alamito Creek, one of The Nature 
Conservancy’s freshwater biodiversity priority streams. In addition to overseeing the preserve, the trust 
has “leased almost 2,000 acre-feet of Rio Grande water rights for instream flow” in the Presidio Valley 
(Trans-Pecos Water and Land Trust, n.d.).   

Water Sharing Investment Partnership 
While the National Audubon Society and Trans-Pecos Water and Land Trust’s actions have undoubtedly 
benefited the environment, the impact of their work is limited. The National Audubon’s water release, for 
example, only occurred once in a river that experiences chronic water shortage. Similarly, Trans-Pecos’s 
water leases are temporary and are a preverbal drop in the bucket compared to the amount of water 
necessary to sustain a healthy ecosystem. Unfortunately, acquiring the amount of water necessary to have 
a lasting, substantial impact requires significant capital.  

The Nature Conservancy has developed a new, unique program called the Water Sharing Investment 
Partnership (WSIP) to overcome to capital issue. The program utilizes funds from impact investors to 
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outright purchase a pool of water rights that are in turn leased to other water users in the community with 
the remaining water reallocated to the environment. Leasing part of their water rights is a fundamental 
aspect of the program because it generates returns to investors and allows the program to be self-
sustaining (Richter, 2016). The overarching goal of the program is to increase the efficiency of water use, 
generate revenue, and return water to nature (Richter, 2016). 

The program was first launched in 2015 in Australia’s Murray-Darling River Basin. As of May 2016, the 
WSIP has invested $20 million dollars (USD) and anticipates scaling up to $76 million dollars by 2020 
(Richter, 2016). With this capital, the program expects to purchase 32,400 acre-feet (40 million cubic 
meters) that will help restore aboriginal wetlands (Richter, 2016). The initial success of the program has 
inspired The Nature Conservancy to replicate the model in the western United States. There is a particular 
interest in the Rio Grande watershed with a feasibility study already indicating potential success (Lynch, 
2017). 

METHODS 
The primary water rights database is kept and maintained by the Texas Commission on Environmental 
Quality (TCEQ) and is available for public download on their website. As of March 2018, there are nearly 
11,000 records representing 6,838 water rights. The disparity between the number records and water 
rights can be attributed to what the TCEQ refers to as sequences. A sequence means that one water right 
consists of multiple owners, use types, and/or diversion points. For example, the El Paso County Water 
Improvement District No. 1’s water right is listed five times, one entry per use type. However, the 
database does not detail how much water goes to each use, it only provides a total amount listed under the 
first use type (Trungale, 2016). 

As part of their goal to identify and acquire water rights for environmental flows, The Nature 
Conservancy hired contractors to simplify, organize, and geo-reference the TCEQ’s water rights database.  
The simplification process involved condensing the sequences such that there was a single record for each 
water right (Trungale, 2016). With this newly configured database, the issue remained that there was no 
corresponding location for the rights. Previous database versions contained coordinates for each right, but 
the information is not considered accurate. Various TCEQ consultants have since developed locations for 
each water right, but they often corresponded to the discharge point such as a canal or ditch, not the 
diversion point on the river. 

 

Figure 2. Snapping water rights to NHD stream example. (Source: Trungale 2016) 
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While it is important to know where the water is ultimately used, The Nature Conservancy is more 
interested in where the water is initially diverted. The initial diversion point is essential for determining 
each basin’s water budget by providing information regarding water availability, where return flows go, 
and if purchased/leased water will reach the desired river or stream.  Thus, Trungale (2016) used a linear 
referencing process to link the coordinates to the nearest National Hydrography Dataset (NHD) stream 
throughout the state.  

While this process is effective and efficient, it is not without errors. There are several water rights that did 
not link or “snap” to the correct stream. This error often occurred near river confluences or locations with 
numerous water features. Thus, I remedied these inaccuracies by 1) identifying the erroneous locations, 2) 
determining the correct location, and 3) moving or “snapping” the water right to the correct location. The 
analysis was limited to the Lower Pecos and Upper Rio Grande watersheds because The Nature 
Conservancy is focusing their freshwater conservation efforts on these basins.  

As presented in Table 2 and Appendix A, I could only correct ten water rights. Two water rights, one in 
each watershed, were dismissed11 from the quality assurance/quality control (QA/QC) process. In the 
Lower Pecos watershed, I dismissed a water right owned by TNC. This water right was marked incorrect 
because the TCEQ database recorded the water source as Caroline Creek when it should be Caroline 
Spring. In the Upper Rio Grande, I dismissed a water right that snapped to a braid of the Rio Grande 
rather than the main stem. It is unclear exactly where the diversion point is, and thus it was dismissed 
from the QA/QC process.  

There were also two water rights that I removed from the database all together. Not only were they 
snapped to the incorrect river, but they also fell in counties outside the watersheds. For the remaining 
twenty-two rights, I was unable to correct their position as discussed further in “Issues and Limitations.” I 
flagged these water rights with a warning and explained the issue. For specifics on the methodology, 
please refer to Appendix A.  

Table 2. QA/QC results.  

 

RESULTS 
Once the water rights are in the proper location, The Nature Conservancy can use the information to 
determine a regional water budget. In turn, they can identify which water rights to strive for and who they 
should contact about a transfer.  

WATER RIGHTS MAP 
TNC must consider several factors before making any water transaction, but the first step is to determine 
which water rights to target based on location. With the water rights moved to the correct location, it is 
possible to display them geographically. In conjunction with the water rights, I mapped the predominate 
rivers and streams, TNC priority streams identified in their freshwater biodiversity conservation blueprint, 
the TCEQ Surface Water Quality Monitoring (SWQM) stations, and the watershed boundaries.  

                                                           
11 Dismissed means removed from the QA/QC process and not altered.  

Waterhsed Corrected Not Corrected Removed Dismissed
Lower Pecos 5 20 1 1
Upper Rio Grande 5 2 1 1
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The image below is a static version of an ArcGIS map (.mxd file). The water rights are categorized in 
accordance with both volume and priority year; volume is indicated by size and priority year is indicated 
by color. For instance, a water right with a high volume and old priority year is shown as a large, green 
circle. As indicated by the number of green and yellow circles, most water rights have a priority year of 
1945 or older.  

This map can then be used to identify which water rights may benefit the ecosystem by examining where 
the water rights are in relation to the priority streams and other water rights. For example, a user can 
easily conclude that the large yellow dot in the uppermost corner of the map is not worth TNC’s efforts 
because it is not in proximity to a priority stream. Plus, there are several water rights below it that would 
get the water before the environment because they are more senior/green.  

 

Figure 3. Lower Pecos and Upper Rio Grande water rights. 
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INTERACTIVE WEB APP 
The interactive web app contains the same information as the static map file. What makes the web app 
more user-friendly, however, is that it does not require GIS software or knowledge. The easy-to-use 
interface allows the user to conveniently toggle on and off layers and search for water rights that meet 
specified criteria like volume, priority year, or Hydraulic Unit Code (HUC).  

The app also provides a summary of the water right’s use type and volume in the data frame. The 
summary changes along with the data frame allowing for a cursory analysis. An added benefit of the web 
application is that it can be viewed on any mobile device. This capability is extremely helpful for pulling 
up information quickly when users are away from their desktop. 

 

Figure 4. Screen shot of the web application.  
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USER OVERVIEW 
With the rights on the correct water body, it is possible to create a water budget for the Far West Texas 
watersheds. The Nature Conservancy can then use this information to determine which water rights would 
provide the most benefit to ecosystem restoration projects. Yet, it is also important to know who is using 
the water, what they are using the water for, and how much water they use. In the arid Lower Pecos and 
Upper Rio Grande watersheds, surface water is primarily used to irrigate crops (Table 3). There are very 
few municipal and hydroelectric surface water users, and no industrial or mining surface water users in 
the Lower Pecos and Upper Rio Grande watersheds. This trend can likely be attributed to the sparsely 
populated region as well as the reliance on groundwater.  

Table 3. Water rights by use type.  

 

* Other water use was listed for applications and claims ** Some rights are counted twice because they have multiple uses 
meaning the total does not add up. 

However, it is important to recall that some water rights have multiple uses but were aggregated into one 
or two uses. Thus, Table 3 can be somewhat misleading. For example, the El Paso WID No. 1 is 
characterized as a municipal water user in TNC’s updated water right database; yet, they predominately 
use their water for irrigation. Similarly, the Red Bluff Water Control District use their water for both 
irrigation and hydroelectricity but are only listed as an irrigation user. How the water is used has 
important implications for return water and environmental flow, as discussed in the “Type of Use” 
section.  

In accordance with the use type, the total amount of water permitted by volume, 500,272 acre-feet in the 
Lower Pecos and 1,952,842 acre-feet in the Upper Rio Grande, is largely used by irrigators. However, the 
largest user between the two watersheds is the South Texas Electric Co-Op Inc. and Medina Electric Co-
Op Inc. who use their 1,500,000 acre-feet for hydroelectric power generation at the Amistad dam. These 
large irrigation and hydroelectric users overshadow the fact there are numerous water rights holders who 
are permitted less than 1,000 acre-feet.  

 

LOWER PECOS 
In the Lower Pecos watershed, large irrigation consortiums known as Water Improvement Districts 
(WID) and Water Control and Improvement Districts (WCID) are the primary water right holders. 
Through powers granted by the state, these districts can “provide irrigation, drainage, navigation, and 
prevention of overflows” with even more powers granted to the WCID12 (Smith, 2010).  

 

 

                                                           
12 According to the Texas State Historical Association, Water Control and Improvement Districts (WCID) have 
broader powers than Water Improvement Districts (WID). WCIDs can provide “flood control, reclamation, 
preservation of water resources, development of forests, hydroelectric power generation, and sewage disposal” 
(Smith, 2010).  

Irrigation Municipal Industrial Hydroelectric Mining Other* Total**
Lower Pecos 46 1 0 0 0 2 49
Upper Rio Grande 99 4 0 1 0 2 105

Use
Watershed 
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Table 4. Summary of water rights holders in the Lower Pecos watershed.  

 
Note: IRR = Irrigation; MULT = Multiple. 

The Red Bluff Water Control District commands nearly sixty percent of all water appropriated in the 
Lower Pecos watershed, exclusively originating from the Red Bluff Reservoir on the Pecos River. The 
reservoir and dam, located on the Texas-New Mexico border, is owned and operated by the district 
(Region F, 2016). The reservoir is capable of storing 307,000 acre-feet and the dam can produce 2,300 
kilowatts per hour (Hayter, 2010b).  

 After using their 292,500 acre-feet for hydroelectric power generation, the Red Bluff Water Control 
District can reuse the water for irrigation. The district diverts water to its seven-member water districts 
which then distributes water to individual farmers. Yet, 75 percent of the water is lost during transport 
“due to high evaporation rates and infiltration” (Region F Water Planning Group, 2016).  The remaining 
water, usually of poor quality, is used to grow crops in Loving, Pecos, Reeves, and Ward Counties 
(Region F, 2016). Historical water use data indicates that only 3,358 acre-feet of the 292,500, or one 
percent, were used consumptively in 2010 (Region F, 2016).  

In addition to the Red Bluff Water Control District, the Reeves County Water Improvement District No. 1 
is another major water rights holder in the watershed. The water improvement district owns and operates 
Lake Balmorhea, a man-made lake on Sandia Creek in Reeves County. The lake receives water 
predominately from Sandia Creek, but Toyah Creek and Kountz Draw also contribute to the lake (Region 
F, 2016). According to the TCEQ water rights database, the Reeves County Water Improvement District 
No. 1 holds three separate water rights13 on Toyah Creek, all with a 1914 priority year. The water 
improvement district uses this water for irrigation purposes (Region F, 2016).  

Although most Lower Pecos water is appropriated to large water districts, there are several small water 
rights holders that account for fifteen percent of all water appropriated (Figure 3). These rights holders are 
landowners, small farmers, municipalities, government agencies, and environmental non-profits. TNC, for 
example, has a water right of 530 acre-feet on Caroline Spring that feeds Independence Creek.  

                                                           
13 One water right is a certificate of adjudication and the other two are certified filings. The difference between the two has to do 
with who granted the right.  According to Texas Water Code Chapter 11, “"Certified filing" means a declaration of appropriation 
or affidavit that was filed with the State Board of Water Engineers under the provisions of Section 14, Chapter 171, General 
Laws, Acts of the 33rd Legislature, 1913, as amended.” A certificate of adjudication, on the other hand, is certified by TCEQ or a 
court.  

Rank Owner AF Use Priority Year Percent of Total

1 Multiple; Red Bluff Water Control and Red Bluff 
Water-Pecos WID 3 292,500 IRR 1980 58.5%

2 Reeves County WID 1 45,000 IRR 1914 9.0%

3 Reeves County WID 1 41,400 IRR 1914 8.3%

4 Pecos County WCID No. 1 25,205 IRR 1913 5.0%
5 Reeves County WID 1 19,950 IRR 1914 4.0%

6 - 49 Multiple 76,217 MULT. 1914-1992 15.2%
Total 500,272 - - 100.0%
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UPPER RIO GRANDE 
The largest water rights holders in the Upper Rio Grande watershed represent a variety of uses: 
hydroelectric power generation, municipal, and irrigation (Table 5).  

Table 5. Summary of water rights holders in the Upper Rio Grande watershed. 

 

Note: HYDRO = Hydroelectric power generation; MUN = Municipal; IRR = Irrigation; MULT. = Multiple. 

The largest water user, South Texas Electric Co-Op Inc. (STEC) and its membership distribution 
cooperative, Medina Electric Co-Op Inc., use their 1,500,000 acre-feet right to generate hydroelectricity 
from the Amistad dam. While the International Boundary and Water Commission (IBWC) owns and 
operates the dams, the STEC owns the water right that generates the electricity and has a purchase power 
agreement with the IBWC (South Texas Electric Cooperative Inc., 2017). It is important to note two 
facets about this water right.  For one, it is at the bottom of the Upper Rio Grande watershed and thus is 
more important for downstream users. More importantly, this water right is considered a “non-
consumptive” use. A non-consumptive water use means that the withdrawn water is returned to the source 
and is available for immediate reuse. Hydropower, boating, fishing, and instream flows can be considered 
non-consumptive water uses (Chong & Sunding, 2006).  

The El Paso County Water Improvement District (WID) No. 1, on the other hand, does use its water right 
consumptively. The improvement district’s primary function is to deliver Rio Grande water “to irrigators 
in El Paso County. However, it also sells water from the Rio Grande to the City of El Paso through 
EPWU [El Paso Water Utility]” (FWTRWPG, 2016). While the El Paso County WID No. 1 has a legally 
defined water right, how much water it receives is determined “by the U.S. Bureau of Reclamation based 
on water in storage and available in Elephant Butte and Caballo Reservoirs”(Michelsen, Chavez, 
Lacewell, Gilley, & Sheng, 2009).  

Due to the variable amount of water in storage, the El Paso County WID No. 1 may not receive its water 
allotment in full, especially in times of drought. In turn, downstream users, like the irrigators and the City 
of El Paso, have their supply reduced. This situation has occurred several times since the extreme drought 
in 2011; the El Paso Water Utility normally anticipates 60,000 acre-feet from the WID, but the amount 
has been cut in half in recent years (FWTRWPG, 2016). The city also has its own water right of 11,000 
acre-feet that draws from the Rio Grande, but the 1948 priority date makes it a junior appropriator in the 
region. The unreliable nature of El Paso’s water supply has forced the city to implement strict 
conservation measures as well as invest in a desalination plant to treat agriculture drain water and 
brackish groundwater (FWTRWPG, 2016).  

Rank Owner AF Use Priority Year Percent of Total

1 Multiple; South Texas Electric Co-Op Inc. and 
Medina Electric Co-Op Inc. 1,500,000 HYDRO 1978 76.8%

2 Multiple; United States of America and El Paso CO 
WID 1 376,000 MUN 1889 19.2%

3 Multiple; United States of America and Hudspeth 
County CRD 1 26,600 IRR 1917 1.4%

4 City of El Paso 11,000 MUN 1948 0.6%

5 Multiple; WN Chris Jordan - EA Basse III 7,600 IRR 1925 0.4%

6 - 105 Multiple 39,242 MULT. 1900-1978 1.6%

Total 1,960,442 - - 100.0%
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Like the El Paso Water Utility, Hudspeth County Conservation and Reclamation District (CRD) No. 1, 
faces uncertainty in its water supply. Despite holding the most senior water right in the Upper Rio Grande 
watershed, the Hudspeth County CRD No. 1 is completely dependent on the El Paso County WID No. 1’s 
“return flows, spills, releases, and excess flow” because they are directly downstream (Michelsen et al., 
2009). As a result, the water flow is highly unpredictable, and the district often utilizes drought 
contingency planning (FWTRWPG, 2016).  

The remaining water rights holders make up less than two percent of the total water permitted. This group 
consists of landowners, small farmers, municipalities, government agencies, and environmental non-
profits. These holders have a range of priority dates and volume permitted, but primarily use Rio Grande 
water for irrigation and cattle production. However, many rights fall in the “Forgotten Reach” stretch and 
frequently do not receive their water allotment. Brock et al. postulate that this stretch “is probably the 
most difficult stretch of river for which to obtain instream flows” because “any water entering the 
river…will be used to meet existing rights first” and not environmental needs (Brock, Kelley, & 
Chapman, 2001).  Perhaps acknowledging this difficulty, The Nature Conservancy has not identified the 
Forgotten Stretch as a priority in their freshwater biodiversity conservation blueprint.  

TNC is concerned, however, with the Rio Grande stretch from the confluence with Rio Conchos down to 
the Val Verde county line. There are around fifty water rights along this river segment, most of which are 
under 500 acre-feet. These rights are generally clustered near Presidio, Texas, and are used by individual 
irrigators. One of the largest rights holders in this stretch is the US National Park Service who hold 1,530 
acre-feet in the Big Bend National Park. 

ISSUES AND LIMITATIONS 
Dealing with water rights is an inherently complicated process. The Texas Commission on Environmental 
Quality has attempted to maintain the most accurate and up-to-date water right dataset, but there are 
several issues both with the data itself and the way they maintain it. The sections below outline those 
issues in greater detail.  

INCORRECT CATEGORIZATION   
Previous TNC contractor, Trungale, performed a surface level analysis that categorized water rights based 
off their position on a river and county; if all record and location information matched, Trungale placed 
them in one category, and if any part of the information did not match, Trungale placed them in other 
categories.  In this study, I only verified the rights that fell in the mismatching categories, taking the 
correct category as true. However, there was one instance where a water right in the correct category was 
grossly mislabeled. Trungale labeled a water right owned by Eagle Pass as correct, but in fact the right 
was located on the wrong river segment in the wrong county.  

While I was able to identify this oversight, I was not able to correct the problem. Eagle Pass is a city 
located in the Lower Rio Grande watershed near the Amistad dam. However, the river number associated 
with the water right is located at the mouth of the Rio Grande in a different county. It is highly unlikely 
that Eagle Pass transports water from the mouth back up the river to their town, but it is impossible to 
know where the correct location should be.  I ended up removing the water right from the Upper Rio 
Grande water right dataset, however, because it is clear that the right is in a different watershed.  

ERRORS AND INCONSISTENCIES IN THE TCEQ DATABASE 
The most overt limitation to this work is an inability to correct several water rights because of errors and 
inconsistencies in the TCEQ water right database. Unfortunately, the TCEQ database is the only public 
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database for water rights, eliminating the possibility of using another data source.  The most common 
issues, along with an example, are outlined below.  

• The TCEQ river name is misspelled or inaccurate. Example: Pena Creek should be Pena 
Colorado Creek.  

• The water source is a spring, not a river or stream. Example: Caroline Creek should be Caroline 
Spring.  

• The water source is in a county different from where the water right says it is. Example: a water 
right supposedly diverts water from San Felipe Creek in El Paso County, but the GNIS14 database 
says San Felipe Creek is in Val Verde county.  

• The TCEQ river name did not have a corresponding GNIS ID in the database. Example: A B 
Draw has no results when searched.  

• The TCEQ river name corresponded to a valley in the GNIS system. Example: Big Manning 
Canyon is not a river, stream, or creek, but rather a valley in the GNIS system. 

In the first issue two issues, broadly referring to incorrect water source names, requires extensive research 
to deduce the correct name. Once the name is changed, it is possible to verify the water right’s location. 
Unfortunately, the remaining issues cannot easily be fixed.  The only solution for the inaccurate rights is 
to make an Open Records Request. The Open Records Request will pull all records relating to the water 
right, even hand-written ones. These records will likely contain identifying information that will assist in 
the location correction process. For now, the water rights that could not be fixed are labeled with a 
warning, “Suspect Location.” 

The errors and inconsistencies listed above are only the obvious errors, but there may be unknown errors 
as well. According to the Texas Water Development Board, “it is likely that many [changes in ownership] 
may not be reported” to the TCEQ (2002). This opens the possibility that the water right database has 
incorrect ownership information. As a result, it is difficult to characterize who owns the water in the 
Lower Pecos and Upper Rio Grande with certainty.  

MISSING DATA 
In addition to the errors and inconsistencies, the TCEQ’s water right database is missing information. For 
one, the database does not detail how much water is allocated to each use type, it only provides a total 
amount for the first use category (Trungale, 2016).  How the water is used has important implications to 
The Nature Conservancy’s goals. They likely will focus their efforts on consumptive uses like irrigation 
because purchasing consumptive water rights offer the most returned water for nature. However, it is 
often unclear how much water is used for irrigation when a holder uses the water for multiple purposes.  

The missing water use breakdown is compounded by the lack of historical water use information. 
Although TCEQ requires all right holders to report their use each year, there is little information on water 
use in the Lower Pecos and Upper Rio Grande. Part of this issue is a result of exemptions. Water right 
holders in Presidio, Terrell, and Val Verde counties fall in the Rio Grande Watermaster’s authority and 
are exempt from reporting their use to TCEQ. Complete information regarding how much water is used 
and for what is critical for establishing a water budget for Far West Texas. Without these records, The 
Nature Conservancy can only estimate how much water there is and what the environmental needs are.  

                                                           
14 River names typically have a corresponding Geographic Information System ID (GNIS ID). The identification number is 
assigned by the U.S. Board on Geographic Names, a federal body established “to maintain uniform geographic name usage 
throughout the Federal Government” (United States Board on Geographic Names, 2017) 
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CONSIDERATIONS AND NEXT STEPS 
Before The Nature Conservancy makes any water right purchases or leases, they must take several factors 
into consideration. The first of which is the water right itself. There are several nuances to a water right 
that can have large implications for TNC’s ability to provide environmental flows for habitat restoration. 
Once TNC has identified the water right that fits their desired characteristics, then they must consider 
what kind of transaction to make. A transaction can be an outright purchase, lease, dry-year option, etc. In 
addition to all the legal and economic logistics, TNC should also consider third party perceptions and 
effects.  

WATER RIGHT CONSIDERATIONS 
There are more aspects of a water right than just the volume and priority year. As shown in Table 6, there 
are several attributes that TNC should consider when seeking out water rights for acquisition.  

Table 6. Water right attributes to consider. (Source: Richter, 2016)  

 

QUANTITY 
The amount of water each holder is allotted is recorded in the TCEQ water rights database. Contrary to 
the “use it or lose it” notion under prior appropriations, many water rights holders do not use their full 
apportionment. This can largely be attributed to the fact that “the quantity of water represented by old 
rights is greatly overstated” (National Research Council, 1992).  For example, the Red Bluff Water 
Control District is permitted 292,500 acre-feet per year, however the 2010 water use report indicates only 
3,358 acre-feet were consumed (Region F, 2016). The under-use could be a result of the overstated 
diversion amount, reduced water availability and/or need. 

In identifying water rights for acquisition, The Nature Conservancy should ascertain how much water 
they need. TNC has developed a methodology for determining environmental flow needs known as 
ELOHA, Ecological Limits of Hydrologic Alteration. This process “synthesizes existing hydrologic and 
ecological databases from many rivers within a region to generate flow alteration-ecological response 
relationships for rivers with different types of hydrological regimes” (Poff et al., 2011). As of April 2018, 
The Nature Conservancy has not run an ELOHA analysis on the Lower Pecos and Upper Rio Grande 
watersheds. The results from the ELOHA analysis can guide TNC as they set out to acquire water rights.  

While it is important to discuss the quantity, the quality of water should also be examined. Certain species 
like the Silvery Minnow can only tolerate water that meets specific pH, temperature, and turbidity 
conditions (IUCN, 2012). These factors are considered in the ELOHA process but are not an aspect of a 
water rights; water rights do not guarantee water of a certain quality. The Nature Conservancy should 
then find ways to work around the quality issue, perhaps through addressing the closely associated issue 
of quantity. 

Attribute Description 

Quantity
The amount of water the holder of the water right may withdraw and/or consumptively use, or the area of land and 
crops that can be irrigated

Source The specific water source and location from which the water right is granted

Timing
Restrictions on the time that the water right applies (i.e., times that the volume may be withdrawn or consumptively 
used and possibly daily extraction limits)

Assurance
Some water rights are more absolute, meaning their volume is almost always fulfilled, while other rights have 
variable assurance of supply depending on how much water is available each year

Type of Use The specific use for which the water is to be withdrawn or consumptively used (e.g. irrigation, mining, etc.)

Duration
The duration for which the holder is entitled to the water right. Some rights are issued in perpetuity, while other 
rights are authorized only for a specified number of months or years
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SOURCE 
As mentioned throughout this report, the water right’s source is one of its most critical components, 
especially as it relates to The Nature Conservancy’s objectives. In order for the water to reach its desired 
destination, TNC must ensure that the water right’s source is hydrologically connected to their freshwater 
priority streams.  

However, it is important to note that a water right’s diversion point can move. The Nature Conservancy 
can purchase a water right along one river stretch, but then divert the water from a different stretch. While 
moving a diversion point is possible, it requires more state oversight. The state must conclude that water 
is available at the new diversion point and that other rights holders will not be injured as a result of the 
move. If these conditions are not met, the transfer cannot go through. Thus, The Nature Conservancy 
should focus their efforts on securing water rights already near their priority streams.  

TIMING 
Timing refers to a limit on when or how much water can be used. These restrictions are common with the 
limited-term permits, discussed further in the “Duration” section. For example, seasonal permits holders 
are only allowed to use water for a specified number of months or season (Texas Water Code §11.24(c)).  

ASSURANCE 
Assurance that a holder will receive their water is largely determined by the priority date. The older, more 
senior appropriators have great assurance that they will receive their full allocation. If a senior 
appropriator feels that they are not receiving as much water as they should, they can place a senior call on 
the river. The call has the potential to reduce or all together suspend junior water rights temporarily 
(Texas Water Code §11.053). Thus, water rights with an older priority date provide more security. In 
addition to the priority date, assurance can come into play during the permitting process. As a general 
rule, TCEQ reviews municipal permits on the basis on being 100 percent reliable both in terms of volume 
and timeframe (R. Mace, personal communication, Feb. 14, 2018).  

TYPE OF USE 
In addition to the source and assurance information, it would be useful to distinguish rights that are 
consumptive from those that are non-consumptive. For example, the largest water right in the Upper Rio 
Grande watershed—one that allocates 1,500,000 acre-feet—is used for hydroelectricity generation. The 
water does not leave the river and thus is not consumed. Similarly, water used for recreation and 
environmental flows are also non-consumptive water uses.  

Water rights used for irrigation, however, can be considered consumptive because the water leaves the 
river and is used by crops, evaporated, or returned to groundwater. An important caveat to irrigation water 
use is that not all the water is consumed; there is some water that returns to the river or “return flow.” To 
add further complexity to irrigation uses, irrigators typically do not use the same amount of water year-
round; during the off-season, irrigators may not use much water, but their use may double in the dry, 
summer months of the growing season.  

Unlike irrigation, municipal water users require a reliable water supply year-round. They cannot simply 
turn off the tap during water shortages like a farmer can when he fallows a field. Yet, like irrigation, 
municipal use is not purely consumptive. Water returns to the river from waste water facilities. In some 
Rio Grande river segments, waste water makes up most of the river’s flow (FWTRWPG, 2016).  

In both the Lower Pecos and Upper Rio Grande watershed, irrigation is the predominate consumptive 
water use.  In the Upper Rio Grande, around 23 percent of all appropriated water is used by irrigation and 
in the Lower Pecos nearly all appropriated water is for irrigation. The two watersheds diverge, however, 
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when it comes to municipal users. The Upper Rio Grande has more municipal users who rely on surface 
water like El Paso. The various water demands among users makes the Upper Rio Grande more complex 
than the Lower Pecos.  

In assessing water rights for acquisition, The Nature Conservancy will have to consider the use type and 
the ramifications of it. Municipal water users, for example, use water consumptively and transferring 
some of their water to environmental flow would likely benefit the river. However, municipalities may be 
unwilling to sell any portion of their water rights due to their year-round and potentially growing needs. 
For the purposes of ecosystem restoration and conservation, TNC may want to focus exclusively on 
acquiring water rights from irrigators. 

DURATION 
Another avenue to explore could be the type of water right— perpetual or limited-term. The water right 
type has implications for use and transferability. Perpetual rights encompass certificates of adjudication 
and permits (TWDB, 2002). These rights are assigned a priority date and a specified volume for use in 
perpetuity. In addition, only perpetual water rights holders can alter a water right (Texas Water Code § 
11.122).  

Limited-term is another category that includes temporary permits, seasonal permits, contractual permits, 
and emergency permits (TWDB, 2002). The TCEQ has issued limited-term rights since the 1980s. These 
rights are good for ten years and have strictly defined terms. After the term, the right must be renewed, 
but renewal is becoming increasingly  unlikely (TWDB, 2002). 

Most water rights in the Lower Pecos and Upper Rio Grande basin are certificates of adjudication with a 
small portion of certified filings and permits.  There are currently no limited-term water rights in the 
watersheds of interest, and it is unlikely the TCEQ would issue a limited-term permit in the two 
watersheds since the rivers are over-appropriated. This means that all water rights in the two watersheds 
can be transferred.  

TRANSACTION CONSIDERATIONS 
Once TNC has identified the water right they are interested in, they must work with the seller on the 
transfer specifics like the type of transfer and the cost. The three most common transaction types are a 
purchase, lease, and dry-year option. Each option has advantages and disadvantages as discussed in 
greater detail below.  

A purchase involves the complete transfer of ownership from the seller to the buyer. If TNC is strictly 
following the Water Sharing Investment Partnership (WSIP) model, then purchasing water rights will be 
their sole focus in the Lower Pecos and Upper Rio Grande watersheds. There are multiple benefits 
associated with a purchase with the most important being that it is a permanent transfer. The water can 
then be reallocated to the environment in perpetuity. This level of security can be highly desirable, 
especially in an area that faces water shortages and increasing competition. In addition to the security, 
TNC reserves the right to then resell or lease the water, an important component of the WSIP model. 

However, there are some drawbacks with the purchase option. Purchases are often viewed negatively by 
the community, as discussed further in “Third Party Considerations.” Thus, it may be more challenging to 
identify and acquire rights in this way. In addition to the societal obstacles, purchasing water is more 
expensive than the other transfer options (Gillian & Brown, 1997). 

Leases offer an alternative to purchases that are less expensive and are perceived less negatively by 
agricultural communities (Gillian & Brown, 1997; National Research Council, 1992). Leases also provide 
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the opportunity for reevaluation. If the water is not reaching the priority stream and/or having the desired 
effect, The Nature Conservancy can walk away once the lease is up rather than being saddled with an 
undesirable asset. While these aspects make leases seemingly more appealing than a purchase, leases do 
not provide the same level of protection as purchase. Leases typically run anywhere from one to thirty-
five years and when the lease ends, there is no guarantee the owner will want to lease the water again or 
that the price will remain the same. New leases or other options must then “continually be negotiated, 
adding to the long-term cost of protecting flows” (Gillian & Brown, 1997).  

The dry-year transfer is similar to a lease in that is also temporary and less expensive than a purchase. 
However, the dry-year transfer is unique in that it the buyer does not receive water every year unless it is 
a “dry” year. The benefit to this type of transaction is that there is minimal disruption to the economy and 
it provides water for the environment in times of scarcity (WestWater Research, 2017).  

However, it is important to recognize that there are other ways to obtain environmental flows other than 
transferring water rights. One option is through increasing agricultural use efficiency through canal 
linings, drip irrigation technologies, etc. However, one report indicates that these water conservation 
measures have already been implemented resulting in “very limited” opportunities for agricultural water 
conservation in Far West Texas (Michelsen et al., 2009).  

Instead of implementing conservation methods, The Nature Conservancy could enter into a Rotational 
Fallow Agreement (RFA) with a water control and improvement district. This agreement works when a 
“group of farmers rotate among themselves the amount of land fallowed each year to provide a consistent 
supply of water to the purchaser/lessee of the water” (McMahon & Smith, 2013).This method is more 
ideal for the agricultural economy because it keeps land in production, yet still provides water to the 
environment. Studies have shown that Rotational Fallow Agreements have been successful in places like 
Colorado (McMahon & Smith, 2013). Therefore, The Nature Conservancy should investigate replicating 
Colorado’s success in Far West Texas.  

THIRD-PARTY CONSIDERATIONS 
Whenever a water right transaction occurs, there are third-parties to the transaction or groups not directly 
included. These third parties constitute anyone from a farmer to a city to a fish. A transaction can have 
far-reaching impacts or externalities on third parties, spanning economic, social, and environmental 
realms.   

Water plays an important role in Far West Texas’ economy, especially as it pertains to agriculture. When 
a water transaction shifts water use from agriculture to another use, it can have devastating effects on the 
economy. There are the direct impacts like reduced production, income, jobs, and tax base as well as the 
indirect impacts on the businesses that rely on agriculture like the fertilizer store and the tractor mechanic 
(National Research Council, 1992). These impacts are typically more severe when water is permanently 
removed from the fields. One study found that “increasing amounts of historically irrigated cropland lies 
permanently fallowed…as agricultural water rights are being voluntarily sold to growing cities” (Dozier 
et al., 2017). 

Seeing the consequences of permanent transfers, many agricultural communities have become wary of 
water markets. They fear the “buy and dry” potential; an entity comes in and buys up the water, and dries 
up the land, economy, and way of life (McMahon & Smith, 2013; National Research Council, 1992; 
WestWater Research, 2017). This possibility exposes the communities’ “uncertainty, frustration, and 
vulnerability” when it comes to transactions they largely do not have a say in. As a response to these 
feelings, there have been instances where water sales are “met with strong denunciation in the local 
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papers” causing so much tension that the sale ultimately did not go through (McMahon & Smith, 2013). 
Thus, The Nature Conservancy must take the communities’ attitudes into consideration when making any 
water transaction.  

Perhaps The Nature Conservancy could reduce the “buy and dry” fears though meetings and outreach 
campaigns. The Nature Conservancy could speak to how water transactions for environmental flows can 
improve the environment, and thus the community. When natural flow regimes are restored, freshwater 
ecosystems begin to regain their functionality. Biodiversity increases, particularly among species that 
depend on freshwater habitats like fish and bird populations (Gillian & Brown, 1997; Poff et al., 2011).  
Environmental flows’ ability to protect the region’s threatened and endangered species is truly at the heart 
of The Nature Conservancy’s objectives. In addition to biodiversity, environmental flows improve water 
quality; reduced temperatures, Total Dissolved Solids, and turbidity are essential to regaining a vibrant 
ecosystem.  

Yet it is not just the flora and fauna who benefit; the community also experiences benefits derived from 
environmental flows.  Water dedicated for instream flows could result in more water downstream since 
the environment is a non-consumptive use (Gillian & Brown, 1997). The increased water also has the 
potential to improve water quality, reduce competition among users, and promote eco-tourism (Gillian & 
Brown, 1997). According to the Far West Texas Regional Water Planning Group, eco-tourism offers the 
“best hope for modest economic growth” in these rural communities (2016). The Nature Conservancy 
could promote these benefits to help overcome the “buy and dry” fears.  

However, it is important to note that there can be some environmental consequences to transferring water 
from irrigation to instream use. Fallow fields can lead to soil erosion, reduced air quality, and impact 
wildlife who use the fields for shelter (National Research Council, 1992). In Colorado, farmers sued the 
city when a water transaction between an irrigator and the city caused environmental damage. The case 
ended with a solution that the land must have a vegetative cover before water is transferred (National 
Research Council, 1992). The Nature Conservancy could use the lessons learned from Colorado and 
potentially implement vegetation cover strategies if they end up purchasing water from irrigators.   

Due to water’s importance in Far West Texas economies and lives, water transactions require a great deal 
of consideration.  The economic, social, and environmental impacts add layers of complexity to any 
transaction. As one legal scholar put it, “the West must accept the reality that water transfers will more 
often resemble diplomatic negotiations than simple market transactions” (National Research Council, 
1992). When dealing with water transactions in the Lower Pecos and Upper Rio Grande, The Nature 
Conservancy must keep these third-party impacts in mind and invent creative solutions to mitigate harm. 

NEXT STEPS 
After TNC determines which water rights they are interested in purchasing, the organization can submit 
an Open Records Request to confirm the correct location and owner. As noted in the “Issues and 
Limitations” section, the Texas Commission on Environmental Quality’s water rights database is riddled 
with errors and thus needs confirmation by other documents like the original certificate of adjudication.  

An Open Records Request will pull “any and all documents, pending applications, ongoing compliance or 
enforcement actions” relating to a water right (TCEQ, 2017) . It requires The Nature Conservancy to list 
all identifying information like the water right number and the priority date. However, the TCEQ may not 
have all records necessary to confirm a water right’s ownership. Unreported ownership changes can occur 
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when an irrigator sells their land and the attached water right.15 The seller could unknowingly transfer the 
water in the land sale and fail to report the water transfer (TWDB, 2002). Thus, The Nature Conservancy 
should also perform a title search and investigate the country deed records to verify ownership.  

In addition to the background work, The Nature Conservancy may want to collaborate with regional water 
planning groups, water control and improvement districts, local communities, and other environmental 
organizations. This relationship building could help The Nature Conservancy obtain water use 
information, acquire supply and demand projections, and identify potential sellers. Working with and 
among these groups also encourages support and cooperation for water transactions for environmental 
flows. As previously alluded to, buy-in from everyone is essential to the success of The Nature 
Conservancy’s freshwater restoration efforts.  

CONCLUSION 
The Elephant Butte and Red Bluff reservoirs are no longer capable of meeting all water demands in Far 
West Texas. The region has and will continue to face significant and persistent water resource problems. 
Regional water planning groups predict that over the next fifty years, several water user groups will face 
supply deficits (FWTRWPG, 2016; Region F, 2016). As a result of the shortage, competition between 
water user groups will intensify.  

The current battle for water has already claimed a victim, nature. The region’s ecosystems are on the 
brink of collapse as exemplified by the numerous threatened and endangered species. The once populous 
Silvery Minnow now has a predicted population of 78 in the entire world (IUCN, 2012). The current 
water management path has already proven to be unsustainable, but the question becomes what can be 
done differently to ensure there is enough water for all.  

Several water experts call for a major shift in water management from supply side measures to improved 
water management. Improved water management requires increasing water’s productivity, making the 
water we have do more for us (Gleick, 2003; Richter, 2016). By increasing water’s efficiency, we can 
work within our current supplies by decreasing our overall demand. These efforts can take on many 
different forms such as conservation, reuse, and water markets. Although all mechanisms are necessary to 
achieve water security, The Nature Conservancy is focusing their efforts on water markets in Far West 
Texas. 

They believe that a Far West Texas water market holds enormous potential to shift our water use practices 
in a productive way and return water to nature (Richter, 2016). While there is not any public information 
or academic analyses on the Lower Pecos and Upper Rio Grande water markets, The Nature Conservancy 
can begin their water rights search with the help of tools like a map that displays relevant water rights 
information. The Nature Conservancy can filter out right that meet desired criteria like a certain priority 
year or volume.  

This screening map serves as the first step in The Nature Conservancy’s entry in the water market. They 
will also need to consider the economic, social, and environmental externalities associated with a water 
transaction. In a note of caution, it is important to remember that, “Money is not always the most 
appropriate or useful way to characterize the full range of social, political, and environmental effects of 
water transfers” (National Research Council, 1992).  

                                                           
15 Recall some water rights, appurtenant rights, are attached to the land.  
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Given the intricacies and potential obstacles in a water transaction, participation in a water market might 
seem like an impossible endeavor for The Nature Conservancy to take on. However, environmental 
organizations, water control districts, and utilities alike all need to take bold, sometimes controversial 
steps in improving water resource management. In an apt remark by the National Research Council, “The 
American West faces many challenges, but none is more essential than the wise management of its 
limited water resources.” Nearly thirty years later and this sentiment still holds true for Far West Texas. 
Water is the lifeblood of this region; the continued economic and environmental prosperity depends on 
forward-thinking water resource management.  
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APPENDIX A: METHODOLOGY 
An extended explanation is provided below.  

IDENTIFYING ERRONEOUS LOCATIONS 
Trungale (2016) performed a preliminary quality assurance/quality control (QA/QC) on the water rights 
dataset to ensure they linked or “snapped” to the correct water body and county. This process involved 
comparing the water right’s snapped location to its record. For example, a water right linked to Maravillas 
Creek has records indicating that it diverts from the adjacent creek, Pena Creek. Thus, this water right did 
not snap to the correct water body. After inspecting each water right, they were placed into one of four 
categories: right river and county; right river, wrong county; wrong river, right county; and wrong river, 
wrong county.  

Table 1. Overview of water rights QA/QC.  

 

As shown in Table 1, Lower Pecos water rights frequently snapped to the wrong river. This trend can be 
attributed to the abundance of small, ephemeral streams in the Lower Pecos watershed. For the map to 
serve as a useful decision support tool, however, it is necessary for water rights to be located on the 
correct stream.  Water rights in the wrong county still present an issue, but it is more important to know 
where the water comes from rather than the political jurisdiction. Thus, I focused my attention on those 
rights that fell into the wrong river, right county and wrong river, wrong county categories.  

DETERMINING THE CORRECT LOCATION 
Referred to as “River Name”, the TCEQ database contains information on each right’s water source. The 
river name is essential for correcting the water right location; without it, QA/QC cannot proceed.  

River names typically have a corresponding Geographic Information System ID (GNIS ID).16 The 
identification number is assigned by the U.S. Board on Geographic Names, a federal body established “to 
maintain uniform geographic name usage throughout the Federal Government.”17 For some water rights, 
the GNIS ID is recorded as the “River Number” in the TCEQ database.18 However, several water rights 
did not have a River Number listed, only the river name. In these instances, I searched for the river name 
on the GNIS database.19 If a match exists, the GNIS database generates the river’s GNIS ID, county 
location, longitude, latitude, and entry date.  

MOVING TO THE CORRECT LOCATION 
If the water right record contains a GNIS ID, then the QA/QC process is straightforward. Using the water 
right’s GNIS ID, I found the corresponding ID in the National Hydrography Dataset, a US Geological 
Survey maintained geospatial dataset that “map the surface water of the United States” (USGS, 2018). 
The identical GNIS IDs indicate that the water right is located along the specified stream. I then used the 
                                                           
16 In theory, all rivers should have a GNIS ID; however, this is not the case. A discussion on this issue can be found 
in the “Issues and Limitations” section. 
17 United States Board on Geographic Names. 2017. https://geonames.usgs.gov/ 
18 I use the term GNIS ID and River Number interchangeably.  
19 The GNIS ID search feature can be found at: 
https://geonames.usgs.gov/apex/f?p=138:1:0::NO:1:P1_SHOW_ADV,P1_SHOW_FIPS55:, 

Watershed
Right River 
and County

Right River, 
Wrong County

Wrong River, 
Right County

Wrong River, 
Wrong County Total

Lower Pecos 20 3 26 1 50
Upper Rio Grande 96 1 8 1 106
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“Snap” tool in ArcMap to move the water right from the incorrect stream to the correct stream. This 
process is illustrated in Figure 1. 

 

Figure 1. Moving a water right to the new, correct location. 

As presented in Table 2, I could only correct ten water rights. Two water rights, one in each watershed, 
were dismissed20 from the QA/QC process. In the Lower Pecos watershed, I dismissed the water right 
owned by TNC. In the Upper Rio Grande, I dismissed a water right that snapped to a braid of the Rio 
Grande rather than the main stem. It is unclear if the diversion point is on the braid or the main stem, thus 
it was removed from the QA/QC process. There were also two water rights that I removed from the 
database all together. Not only were these two water rights snapped to the incorrect river, but also fell in 
counties outside the watersheds. For the remaining twenty-two rights, I was unable to correct their 
position. I flagged these water rights with a warning and explained the issue.  

Table 2. QA/QC results.  

 

LINKING RIGHTS TO WATERSHEDS 
Although the TCEQ water rights geodatabase is robust, it lacks detailed hydrologic information such as 
the watershed that the right falls in; it only contains information on the major river basin. Watershed 
information is critical because it helps determine hydraulic connectivity. For example, two water rights 
may be close geographically, but separated by a mountain and are thus in different watersheds. Which 
streams are connected to one another is important for determining water availability, where return flows 
go, and if purchased/leased water will reach the desired stream or river.  Thus, I added all watershed 
information in the water rights database. 

This process involves using the “Identity” tool in ArcGIS that computes a geometric intersection of the 
water rights shapefile and the Hydraulic Unit Code (HUC) shapefile. Like the “Snap” tool, the “Identity” 
tool is efficient and mostly accurate but does have some issues. In several instances the tool did not link 
                                                           
20 Dismissed means removed from the QA/QC process and not altered.  

Waterhsed Corrected Not Corrected Removed Dismissed
Lower Pecos 5 20 1 1
Upper Rio Grande 5 2 1 1
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watershed information with water rights information when the water right fell on a border. To remedy this 
issue, I had to manually enter in the corresponding watershed information for about thirty water rights. 
The resulting water rights geodatabase and shapefile contains a complete list of all watershed information 
(HUC 2, 4, 6, 8, sub-basin, basin, sub-region, and region).  

WEB APPLICATION DEVELOPMENT 
To develop the web app, I had to first create a map with all the relevant information. This included the 
updated water rights geodatabase, watersheds, TCEQ monitoring stations, state and national parks, rivers 
and streams, and TNC’s priority streams. I obtained a majority of this information from the Texas Natural 
Resources Information System (TNRIS), Texas’ principal geospatial data clearinghouse for natural 
resource data (Texas Natural Resources Information System, n.d.). 

Once I configured the data’s symbols and extent, I converted the map into a web application using one of 
Esri’s templates. This template allows for four customizable widgets that users can interact with, the most 
important of which is the filter widget. I configured the filter widget in a way that allows users to select 
water rights based off relevant criteria such as priority date, volume, use type, and hydraulic unit code. I 
also included a summary widget that provides a quick overview of use type and amount.  
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APPENDIX B: QA/QC RESULTS  
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APPENDIX C: DATA SOURCES AND DESCRIPTION 
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APPENDIX D: WATER RIGHTS DATA DICTIONARY 
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