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Feats of  engineering and human ingenuity have made it possible for the Colorado 
River to irrigate 3.5 million acres of  farmland and support 30 million people  
on arid lands throughout the western U.S. and northwestern Mexico. These benefits 
have largely come at the expense of  aquatic and riparian habitats below Glen  
Canyon and Hoover Dams and in the Colorado River Delta, which rely on regular 
flows of  freshwater and sediment. These remnant ecosystems support a high  
concentration of  biodiversity, wildlife habitat, fisheries, aesthetic and recreational 
amenities, and indigenous traditions.
 Now less than 10 percent of  its original size, the Colorado River Delta continues 
to exist primarily because of  over deliveries, leaks and other inefficiencies in the 
water delivery system. Prevention of  these leaks and water augmentation projects 
are being proposed as key strategies for stretching existing supplies as the population 
in the southwestern U.S. and northwestern Mexico continues to grow rapidly and 
regularly occurring droughts are exacerbated by climate change.
 At best, these strategies are only short-term fixes that postpone resolving conflicts 
among stakeholders in the Lower Colorado Basin and making water management 
choices regarding trade-offs between conflicting values and policy objectives. At 
worst, these delays will reduce the choices available in the future and with it, the 
quality of  life. 
 Given conditions in the Lower Basin, the consequences of  past water manage-
ment practices are no longer the subject of  speculation. Water allocation is back on 
the table and a broader range of  stakeholders are becoming more actively engaged 
in considering the future of  a region that now includes the Delta. As the values of  
ecosystems are reconsidered – not only in the Colorado Basin – policymakers have  

Overview
Existing water policies in the Lower Colorado River Basin are putting the quality 
of  life and the health of  ecosystems in the region at risk, especially in the Colorado 
River Delta. An agreement among the seven Basin States forms the basis of  the Bu-
reau of  Reclamation’s preferred alternative in the current shortage environmental 
impact statement (EIS). While a good first step, it will not be sufficient to prepare 
communities for and protect riparian ecosystems from the combined pressures of  
explosive urban growth and accelerating climate change.
 This is a summary of  a longer report that  contrasts four scenarios of  the future 
that shed  light on the trade-offs the region is facing and recommends policies that 
will benefit both communities and the ecosystems they ultimately depend on:

Extend proposed water banking and trading mechanisms to include 
Mexico and entities that are not currently Colorado River water contractors.

Dedicate base and pulse flows to restore key riparian areas in the  
Colorado River Delta.
 
Encourage water conservation by setting urban and agricultural targets, 
reducing subsidies on water-intensive crops and sharing best practices across 
the region.

Create mechanisms to safeguard the well-being of  rural communities  
in the U.S. and Mexico affected by the ongoing transfer of  water from the 
agricultural to the municipal sector.

What Future for the Lower Colorado Basin?



increasingly called upon scientists to better demonstrate the economic links between  
ecosystems and human well-being, or ecosystem services. A comprehensive compilation of  
information about these links was provided in a series of  reports produced by the Millen-
nium Ecosystem Assessment (MA), completed in 2005. The MA engaged more than 1,300 
scientists from all over the world who, in addition to documenting ecosystem conditions and 
trends, identified and evaluated policy response options and developed global scenarios to 
2050 that explore the consequences of  different courses of  action.
 Drawing on the conceptual framework of  the MA and the existing base of  scientific  
and other knowledge regarding the Lower Basin, this report focuses more specifically on the 
services provided by the Delta and makes a case for allocating at least a modest but perma-
nent flow of  water to it, in an amount necessary to protect existing services. Given that the 
value of  any service can be expected to increase as rivalry and conflict increase over access to 
a diminishing supply, this minimum flow of  water would also serve to maintain options  
for further restoration in the future, when, as lessons are learned, there may also be a greater 
willingness to pay for it. Already, increased value has been placed on the Delta as a result 
of  lessons learned during the El Niño years of  the 1980s and ‘90s, when increased flows of  
water led to an explosion of  vegetation and wildlife that had not been seen since the comple-
tion of  Glen Canyon Dam.
 The report presents an overview of  various kinds of  services associated with the Lower 
Colorado and other river basin ecosystems: provisioning, regulating, supporting, and  
cultural services, all of  which provide direct and indirect benefits to humans. These include 
provision of  water for agricultural, domestic, and industrial uses as well as to support the 
generation of  hydropower; regulation and filtration of  flows of  water and sediment, which 
provide a buffer against floods and drought conditions, recharge groundwater, and maintain 
water quality as well as diversity of  terrestrial, wetland, riparian, and aquatic wildlife 
habitats; supporting services or maintenance of  natural flow and disturbance regimes that 
drive ecosystem processes such as nutrient cycling and primary production, which in turn 
support high concentrations of  biodiversity and increase the capacity of  the system to cope 
with changing conditions, i.e., its resilience and capacity to provide other kinds of  services; 
and cultural services or support for recreation, tourism, aesthetic values, indigenous ceremo-
nial uses, and livelihoods as well as ways of  life that depend on the natural resources of   
the Delta.
 Typically only provisioning services and, to a lesser extent, water-based recreation and 
tourism are considered when determining how to allocate water supplies because they have 
more tangible economic values that are reflected in existing markets. But these types of   
services are interdependent. For example, the capacity of  a river basin to provide clean fresh-
water for direct uses depends on the existence of  healthy regulatory and supporting services. 
Therefore, as the supply of  any of  these services becomes more limiting, human well-being 
will increasingly depend on achieving an acceptable tradeoff  among the types of  services. 
 The report reviews changes occurring in the Basin that affect the provision of  ecosystem 
services and the driving forces of  population growth and climate change, and it presents  
four scenarios for the Basin to 2050. These scenarios highlight some of  the choices available 
for responding to the current predicament. These, in turn, depend on the extent to which 
driving forces can be altered through human behavior, as well as on values and visions for the 
future of  the Lower Basin: How important is quality of  life? How much value do we place 
on healthy ecosystems and the services they provide? How concerned are we with environ-
mental justice? This study also explores the trade-offs in the four scenarios among the various 
categories of  ecosystem services and the interests of  various stakeholders who benefit from 
them, and it identifies areas of  uncertainty that require more research.
 A certain amount of  climate change is now inevitable, but our choices in terms of  land 
use, population growth, infrastructure development, and out-of-basin water transfers are our 
own and will determine the fate of  the Lower Basin and the Delta.



Causes: The drought that began in 2000 continues unabated for 
three decades, reducing river flows by nearly 40% by mid-century.

Policies: The Colorado Basin states enter into prolonged legal 
conflict and the U.S. Supreme Court orders a new water allocation 
scheme based on population.

Impacts: Urban water prices skyrocket; sprawling cities impose 
drastic water restrictions; economic dislocation hits rural areas 
throughout the Basin; and riparian ecosystems, including in the 
Delta, are sucked dry.

Bottom line: The limits imposed by the arid environment can 
no longer be ignored, bringing an end to the “endless frontier” myth. 
Both humans and ecosystems pay a high price.

Dry Future

Four Scenarios for the Lower Colorado Basin to 2050

1
Ecological engineering is “the design of  sustainable ecosystems that integrate human society with its natural  

environment for the benefit of  both. It involves the design, construction and management of  ecosystems that have  
value to both humans and the environment. Ecological engineering combines basic and applied science from  
engineering, ecology, economics, and natural sciences for the restoration and construction of  aquatic and terrestrial 
ecosystems.” Mitsch, W. J. (1998). Ecological engineering – the 7-year itch. Ecological Engineering 10:119-130.

Drought had become a regular condition in the West. Relative 
to a mean flow of  14.7 million acre-feet (maf) inferred from 
the tree ring record, streamflow declined by 25 percent to 11 
maf  by 2030 and by 39 percent to a mere 9 maf  by 2050. 
This reduction in flows was at least double that predicted by 
earlier hydrologic models. The situation was so dire that the 
Colorado River Compact of  1922 was scrapped and water 
was reallocated according to state populations. Of  the 7.5 
maf  delivered to the Lower Basin states in 2030, California 
was allocated 4.4 maf, Arizona 2.2 maf, and Nevada 0.9 maf. 
The Upper Basin states, which had not yet fully developed 
their water resources under the Compact allocation, were the 

big losers as their allocation went from a 50/50 split to  
a 25/75 split based on population. For example, Colorado’s  
allocation dropped from 3.9 maf  under the Compact to a 
mere 1.2 maf. 
  The allocation within states was even more contentious 
because some farmers held onto their water rights and the 
cost of  water to urban users rose exponentially, reaching 
300,000 dollars per acre-foot (af) at its apex, versus 3–50  
dollars per af  for agricultural users. Others, like the alfalfa 
and cotton industries, were particularly hard hit because  
of  their low returns. The resultant economic dislocation re-
verberated through the border towns in the U.S. and Mexico. 

The water policy options highlighted in the report emanate 
from four very different perspectives on the use of  natu-
ral resources, the long-term link between ecosystem health 
and human well-being, and beliefs about the future. Their 
hypothetical outcomes are explored in the following scenarios 
– fictional narratives aimed at engaging stakeholders in a 
debate about the future they desire for the region rather than 
providing a precise road map for getting there.
 The “spider web” diagrams in each scenario illustrate 
the trade-offs being made among the different kinds of   

ecosystem services. The black polygon indicates the state  
of  each category of  ecosystem services relative to a starting 
point of  zero, indicated by the green pentagon. A positive 
value (between zero and one) indicates an increase in the 
supply of  a particular category of  ecosystem services, while 
a negative value (between zero and negative one) indicates a 
decrease. Therefore, the larger the black polygon, the greater 
the provision of  services across all categories.1



In the region’s largest cities, quality of  life deteriorated and 
increasingly drastic restrictions were placed on outdoor  
and indoor water use. Reality had finally caught up with the 
myth of  the endless frontier.
 Under the U.S.-Mexico treaty of  1944, Mexico’s alloca-
tion was reduced proportionately, crippling the agricultural 
economy of  the Mexicali Valley in spite of  the significant 
improvements in water efficiency. The environment, of  
course, did not fare well in this context. As the cost of  water 
rose, so did the marginal cost of  environmental protection. 
The Multi-Species Conservation Plan (MSCP), a 50-year 
agreement reached in 2005 to create 8,132 acres of  riparian 
habitat at a cost of  626 million dollars, survived, but the rest 
of  the Colorado below Lake Mead was transformed into a 
large pipeline for conveying water to thirsty cities. Riparian 
areas were re-landscaped to include only a few token trees for 
recreation, and an aggressive campaign to uproot the vegeta-

tion along the river was undertaken, eliminating most of  
the water-sucking and invasive salt cedar and many of  the 
remaining cottonwood and willow stands. The Southwest 
Willow Flycatcher and other endangered species were  
long-forgotten, except for a few specimens maintained in 
botanical gardens.
 The struggle to save the Delta was a thing of  the past 
– there was no longer any Delta to be saved – relegated to 
environmental history books like the efforts to prevent the 
construction of  big dams (Hetch Hetchy, Glen Canyon,  
Three Gorges) or to save the last remnants of  old growth 
forests in North America. Talk of  an environmental use for 
water was so removed from reality that even die-hard  
environmentalists remained silent. Humans had more pressing 
matters to take care of  than to worry about such things.



An agreement reached among the states and Mexico in 2010, based on alternatives 
originally proposed in the Bureau of  Reclamation’s interim shortage guidelines  
EIS of  2007, allowed for the interstate storage and delivery of  water, with no 
pre-established limit, to any other state in the Basin, including Mexico. A weakly 
regulated interstate water market made it possible for water to flow wherever 
the market dictated. It didn’t take long, for example, for Nevada to exercise its 
financial might and purchase water not only from Arizona, which had stored 
significant amounts underground, but also from Upper Basin states and Mexico. 
The Lower Basin states funded cloud seeding research in the Upper Basin that 
showed no basin-wide returns, lined canals in the Mexicali Valley, and built desali-
nation plants on the California coast. 
 Arizona and Nevada, the two fastest growing states in the nation, more than 
doubled their population by 2030, gaining nearly 8 million new residents. Phoenix 
and Tucson became one “megapolitan” area with 7.8 million people and nearly 
continuous urban settlement. By 2050, the “Sun Corridor” had grown to nearly 10 
million people and encompassed Prescott, 100 miles north of  Phoenix, and Sierra 
Vista, 75 miles southeast of  Tucson. Arizona raised the sides of  its Central Arizona 
Project Canal, enabling it to carry another 300,000 af  per year to the Sun Corri-
dor and postponing for awhile the construction of  a second canal into the heart of  
the state. Every day, an astonishing 350 new single-family homes went up in the 

Causes: Rapid population growth and a strong desire to move 
water to its best use.

Policies: An interstate water market that includes Mexico 
accelerates the shift from agricultural to urban uses. Basin states 
implement water supply augmentation and efficiency projects 
and cities enact ambitious conservation measures.

Impacts: Urban growth accelerates the shift of  water from 
agriculture and continues to deplete underground water supplies. 
Riparian ecosystems are seriously degraded.

Bottom line: The window of  opportunity to restore the 
Delta using market mechanisms closes due to the increasing  
scarcity and value of  water. Growth at all costs overshadows 
shared social and environmental values.

The Market Rules



megapolitan area, further stretching the cities’ water infrastructure and resources. 
The yearly water assessment on homeowners for the Central Arizona Groundwater 
Replenishment District grew from an average of  70 dollars per year to more than 
2,000 dollars per year. Within two decades, the percentage of  the river’s water 
allocated to urban uses had doubled, both allowing for and feeding cities’ growth. 
The limits imposed by the arid environment were pushed further into the future as 
the quality of  life of  urban residents deteriorated, with increasing air pollution, 
longer commutes, and dwindling open space.
 The Colorado River Delta, which had come back to life briefly in the wet El 
Niño years of  the mid-1980s and again in the late 1990s, was no match for the 
growth and market forces sweeping over the Lower Basin. The Intentionally  
Created Surplus (ICS) concept was extended to Mexico, creating a mechanism  
that allowed for the dedication of  base and pulse flows to the Delta, perhaps in 
exchange for infrastructure improvements in the Mexicali Valley. Unfortunately,  
policymakers did not recognize the urgency of  doing so when the water market 
was created in 2010, and when they did, the window of  opportunity for  
purchasing these environmental flows had already closed as water had become  
prohibitively expensive. Conservationists were able to gain greater recognition  
of  the benefits of  ecosystem services, but by then the circumstances restricted  
action and the accidental flows sustaining the Delta petered out.



Causes: Lessons are learned from the ongoing drought and 
market-based approaches are used to achieve policy objectives.

Policies: Managed urban growth and effective water 
conservation; protection of  rural landscapes; restoration of  
riparian ecosystems; protection of  groundwater supplies.

Impacts: Livable cities; protected rural landscapes; a Delta 
restored; strengthened indigenous rights.

Bottom line: The ongoing drought leads the Lower Basin 
states to develop and implement a strong vision for the arid 
West that emphasizes quality of  life and restored ecosystems.

Powell’s Prophecy

Powell’s vision for the arid West, 
although written into the Reclama-
tion Act of  1902, was no match sfor 
the powerful forces that would sweep 
across the region in the twentieth 
century and lead to the construction of  
an astounding infrastructure of  dams 
and diversions along the Colorado to 
supply burgeoning cities hundreds of  
miles outside the Basin. The drought 
that began striking the western U.S. 
in 2000 led the Basin states to learn 
from past mistakes, and to reconsider 
the wisdom and adequacy of  Powell’s 
vision as well as the values placed  
on ecosystem services that had largely 
been taken for granted. This move-
ment began timidly with an agreement 
among the states to put forward an 
alternative for the Bureau of  Reclama-
tion’s interim shortage guidelines EIS in 
2007 and eventually led to the devel-
opment of  a comprehensive vision for 
water resource management in the arid 
West. This vision included managed 
urban growth, the protection of  rural 
landscapes, and the restoration of  ripar-
ian ecosystems throughout the Lower 
Basin, including the Delta.
 To start, in 2010 states such as Ari-
zona and California, with 80 percent  
of  their Colorado River allotment used 
for farming, set 25 percent as the limit 

on how much of  this water could be 
sold to urban areas, and imposed strin-
gent requirements on the replenishing 
of  groundwater. This policy acted as a  
formidable incentive for aggressive 
urban water conservation programs. By 
2020  cities were implementing best 
practicies that originated in Tucson and 
were later adopted in Las Vegas that 
brought average single-family residential 
consumption to less than 100 gallons 
per person per day. The most effective 
measure was not mandatory restrictions 
on outdoor watering but rather a tiered 

water pricing system that made  
wasteful use prohibitively expensive.
 Hardening water demand also 
encouraged cooperation between cities 
and environmentalists because hav-
ing certainty in allocation was more 
productive than truculence in the face 
of  scarcity. The Bureau of  Reclamation 
decided to implement the Conserva-
tion Before Shortage alternative in its 
2007 EIS, extending the Intentionally 
Created Surplus (ICS) credits to include 
Mexico. Water efficiency projects in 
Mexico funded by Nevada, such as the 



lining of  canals in the Mexicali Valley, 
and a switch to lower water use crops 
provided benefits to Mexican farmers 
and generated a significant number of  
ICS credits for Nevada, which allowed 
it to meet the growing demand of  Las 
Vegas while urban water conservation 
programs were put in place. Under the 
agreement the credits, stored in Lake 
Mead, were charged a 5 percent assess-
ment which was then used for ecological 
purposes.
 The U.S. and Mexico established  
an ecological use for water and used  
the current and future value of  these 
services to weigh the costs and benefits 
of  water management actions. This led 
them to establish a base flow of  50,000 
af  per year in the Colorado mainstem 
and a pulse flow of  260,000 af  every 
four years to the Delta and to undertake 
active habitat restoration in established 
priority areas. These flows included 

agricultural return water and treated 
municipal wastewater, as well as the 5 
percent water storage assessment.
 The results in the Delta were impres-
sive as the riparian ecosystem, severely 
degraded in previous decades, quickly 
bounced back to life. Base and pulse 
flows were re-established by 2015, and 
the addition of  water made restora-
tion work much easier. Cottonwood 
and willow stands germinated easily on 
the banks. Further upland, mesquites 
outcompeted salt cedar. The quality and 
quantity of  water were much improved, 
allowing fish and bird species to repopu-
late the areas, along with a multitude 
of  other native Delta  flora and fauna. 
The reconnection of  the river to the 
sea, although slight, restored estuarine 
conditions, increasing the breeding areas 
for commercial species such as shrimp 
and native fish species such as corvina 
and the endangered totoaba.

 By 2020, communities were also 
being restored. The Cucapá indigenous 
people, who had depended on a flowing 
river to hunt and fish, returned to  
these livelihoods. Ecotourism as an 
industry grew, bringing citizens from 
Mexicali and Tijuana as well as the 
U.S. to see a restored Delta. By 2050, 
the establishment of  an ecological use 
for water, restoration of  priority areas, 
cooperation among stakeholders, and 
stewardship by local communities had 
become a model for balancing conserva-
tion and development worldwide.
 With managed urban growth, pro-
tected rural landscapes, and partially 
restored ecosystems, Powell’s vision for  
an orderly settlement of  the arid West 
that respected the natural limits imposed 
by the land was adapted and given a 
new life in the twenty-first century and 
was extended to include the Delta.



Causes: A recognition that healthy ecosystems and cultural  
diversity are the foundation of  human security; the decision to  
apply the Endangered Species Act extra-territorially.

Policies: Ecosystem-based management of  the river and  
estuary; dedication of  5 percent of  the river’s flow in order to 
save endangered species; basin-wide environmental assessment  
on water.

Impacts: Urban water conservation throughout the Southwest 
and northwestern Mexico; increased efficiencies in agriculture; 
large-scale restoration of  riparian and estuarine areas; vibrant 
communities in the Delta and fisheries in the Gulf  of  California.

Bottom line: Ecosystem-based management in the Lower 
Basin creates a model for sustainable development in other arid 
regions of  the world. 

A Delta and Estuary Once More



The importance of  freshwater flows  
to the health of  the Upper Gulf, par-
ticularly its fish and shrimp nurseries, 
was known, as were the concepts of  
ecosystem-based management, but the 
idea of  investing a full 5-10 percent 
of  the Colorado River’s annual flow to 
the restoration of  riparian and marine 
ecosystems was almost unthinkable. Yet 
in 2015, when the U.S. Supreme Court 
ruled that the Endangered Species Act 
did in fact apply extra-territorially, the 
investment was made. Leading the way 
were the totoaba (Totoaba macdonaldi) 
and the vaquita porpoise (Phoceana 
sinus), the world’s smallest and most 
endangered marine mammal, around 
which environmental NGOs, the seven 
Basin states, and Reclamation compro-
mised in sending 5 percent of  the river’s 
flow, or 750,000 af, to the Upper Gulf. 
 Ecosystem-based management of  the 
river included restoration of  base and 
pulse flows of  water and sediment.  
The acquisition of  large amounts of  
water for the Delta and estuary, funded 
by an environmental assessment of  12  
dollars per af, reflected the growing 
value not only of  water, but also of  
riparian and estuarine ecosystems that 
regulate and support the quality of  life 
in the region. This fee was borne  
primarily by city residents to cushion 
the negative cost impacts on agricul- 
ture and restore the amenities, tourism 
revenues, and lifestyles enabled by  
the Delta.  

The assessment was also regarded as 
a bargain because it made the entire 
region more resilient and able to cope 
with rapid climatic and other global 
changes, and it created a sense of  place 
among residents of  the Lower Colo-
rado River Basin that transcended the 
national border and strengthened social 
ties. Given skyrocketing populations, 
cities throughout the Southwest and 
northwestern Mexico worked together 
to develop regional goals for water con-
servation and planning and used tiered-
pricing systems to bring average per 
capita water use below the previously 
lowest levels in each region. Irrigation 
districts on both sides of  the border  
also shared best practices and turned 
toward lower water use crops in order 
to maximize efficiencies.
 The environmental results brought 
about by these freshwater flows were 
astounding. Not only was the ripar-
ian corridor restored (at a cost of  only 
150 million dollars for 50,000 acres) 
with base and pulse flows for overbank 
flooding, but by 2020 the fisheries in 
the Upper Gulf, including shrimp and 
totoaba, and the vaquita population 
had begun to recover. An agreement was 
reached with fishermen to ban com-
mercial fishing with gill nets in about 
1,545 square miles to a line cutting 
across the Upper Gulf  70 miles south 
of  the mouth of  the river. Fishermen’s 
transition to ecotourism was funded 
with a fraction of  the 180 million  

dollar environmental assessment men-
tioned above.
 By 2030 communities throughout 
the region were also being restored. 
People who had depended on a flowing 
river to hunt and fish returned to these 
livelihoods. Well-regulated fisheries 
in the Upper Gulf  created sustainable 
communities that fished shrimp, totoa-
ba, and corvina. Ecotourism flourished 
in the region and people from through-
out western North America came to 
witness a restored Delta and a thriving 
estuary.
 By 2050 the restoration of  the 
Colorado River Delta and its estuary, 
using adaptive management techniques, 
had become a model for ecosystem-based 
management worldwide, showing that 
conservation and economic development 
could go hand in hand. But it had  
hardly reached an end-point. As the  
Delta and its people began to flourish 
and the process of  making difficult 
choices among competing values was 
restored, science began to be used more 
effectively to learn about connections 
between the Delta and the Upper Gulf  
of  California and to inform difficult  
decisions about land uses that affect 
them. Choices could still be made.
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