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ABSTRACT

This study presents an economic characterization 
of the value of ecosystem services in the 
Colorado River Basin, a 249,000 square mile 
region spanning across mountains, plateaus, and 
low-lying valleys of the American Southwest. 
Colorado River Basin ecosystems provide a 
suite of ecosystem services including drinking 
and irrigation water, flood control, and world-
renowned recreational opportunities. This study 
calculates the economic value provided by these 
ecosystems. We used existing studies on the value 
of ecosystem services for land cover types found 
in the basin; these land cover types were assessed 
using Geological Information System (GIS) data. 
Several new primary values for ecosystem services 
in the Colorado River Basin were also derived as 
part of this study. The natural benefits (ecosystem 
services) examined in this study include potable 
water, irrigation water, carbon sequestration, flood 
risk reduction, water filtration, wildlife habitat, soil 
erosion reduction, soil formation, raw materials, 
food, recreation, air quality, and aesthetic value.

This report highlights the scale of value provided 
by the landscape of the Colorado River Basin. 
Whether land is in private or public ownership, 
that value, in the form of water supply, flood 
risk reduction, recreation, and other benefits, is 
distributed across the landscape. The economic 
vitality of communities depends upon it. Healthy 
natural systems provide vast economic value, and 
investing in natural capital provides a high rate of 
return. Understanding the scale of value provided 
in the Colorado River Basin provides incentive for 
investing in healthy landscapes, healthy rivers, and 
healthy communities.
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EXECUTIVE  
SUMMARY

Economies need nature. Economic development 
and quality of life depend upon “natural capital.” 
Natural capital, which includes forests, farms, 
grasslands, rangelands, rivers, lakes, and wetlands, 
is produced by ecosystems: plants, animals, and 
smaller living things that interact with air, water, 
and soil. Natural capital produces economically 
valuable tangible goods, such as food, water, 
timber and fish, as well as less tangible but still 
vitally important services, including flood risk 
reduction, drinking water filtration, recreation, and 
aesthetic value. 

This is readily apparent in the spectacular 
Colorado River Basin (frequently referred to in 
this report as “the Basin”). If the natural capital 
of the Colorado River Basin were appraised like 
a business, based on the value of the goods and 
services it provides, how much would it be worth? 
This study is the first valuation of the many natural 
goods and services of the Colorado River Basin. 

The data utilized for this valuation included studies 
on the value of ecosystem services for land cover 
types found in the basin. These land cover types, 
such as grasslands, wetlands, and riparian areas, 
were determined using Geological Information 
System (GIS) data from the US Geological Survey. 
The economic benefits provided by each land 
cover type were valued in dollars using a benefit 
transfer methodology. Like a house or business 
appraisal, this method utilized previous valuation 
studies in locations comparable to the Colorado 
River Basin. Dollar values for each natural benefit/
land cover combination were estimated using one 
or more of nine valuation techniques, including 
market pricing, cost avoidance, travel cost, and 

contingent valuation. Several new primary values 
for ecosystem services in the Colorado River Basin 
were also derived as part of this study.

The natural benefits (ecosystem services) 
examined in this study include potable water, 
irrigation water, carbon sequestration, flood risk 
reduction, water filtration, wildlife habitat, soil 
erosion reduction, soil formation, raw materials, 
food, recreation, air quality, and aesthetic value. 

Results show that ecosystems in the Colorado 
River Basin provide between $69.2 billion and 
$496.4 billion in economic benefits every year. 
These benefits extend well beyond the boundary 
of the basin, to the region and globe. For 
example, people in Denver and Los Angeles live 
outside the Basin but receive water from it. 

The range of values represents an appraisal of the 
Basin’s natural capital. The range is wide, and will 
narrow with more primary valuations and greater 
GIS data specificity, just as a closer inspection will 
improve the estimated value of a house. Currently, 
the low end of the range represents a baseline 
value and an underestimate of the true value. This 
is because, among 21 valuable ecosystem service 
categories identified as present in the Basin, only 
between 0 and 7 were valued for each land cover 
type. Snowpack is valuable for water storage, 
and desert crust has erosion control benefits, but 
neither has studies estimating that value.  
So, though they are important for drought 
reduction, water supply, habitat, recreation,  
and energy generation, some ecosystem service 
categories and land cover types have a zero value 
in this study. 
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Treating natural capital as an economic asset that 
provides a stream of benefits over time, similar 
to factories, apartment buildings, roads, and 
other built infrastructure, provides a method for 
estimating an asset value for natural capital. This 
is like using apartment rental payments (flow of 
value) to estimate the total value of an apartment 
building (asset value). However, natural systems 
are different from built capital because whole river 
basins are seldom bought or sold. 

Based on the ecosystem services examined and 
treated like an asset with a lifespan of 100 years, 
the Colorado River Basin has an asset value 
between $1.8 trillion and $12.1 trillion at a 
4.125 percent discount rate.i  Unlike built capital, 
which is seldom productive for 100 years, natural 
systems can be self-maintaining and have far 
longer productive lifespans. The Colorado River 
Basin has provided food and water to people for 
thousands of years. Thus, these estimates are 
conservative. Using a 0 percent discount rate, 
which recognizes the renewable nature of natural 
capital and assumes that people in the future will 
receive the same level of benefits (a more likely 
scenario for natural capital), and considering this 
value over the next 100 years, the asset value is 
between $7.0 trillion and $49.9 trillion. 

The analysis of natural capital is relatively new, but 
it is well accepted and increasingly used by large 
private companies, federal and state agencies, 
and policy makers at all levels of government. For 
example, the Federal Emergency Management 
Agency (FEMA) has applied ecosystem service 
values for all flood and hurricane mitigation in the 
United States, including Hurricane Sandy and the 
recent 2013 Colorado floods. FEMA is the first 
federal agency to incorporate annual ecosystem 
service value into benefit cost assessments. 

In 1934, the new economic measures such as 
gross national product, inflation, unemployment, 
money supply, income, and asset reporting for 
private companies provided values that seemed 
astoundingly large, at the time. Better measures 
and better access to more accurate information 
allowed private investors and public officials to 
make more prudent investments and decisions 
based on established valuation methods. Today 

6.4 million private companies in the United States 
all report their earnings and assets. Yet, the clear 
economic benefits and asset values provided by 
natural systems, such as the Colorado River Basin, 
have registered little or no value until now. 

HOW TO USE THIS REPORT

 ● Utilize these values in benefit/cost analysis 
and rate of return on investment calculations 
for small- and large-scale natural and built 
infrastructure projects. This helps avoid 
“infrastructure conflict” where storm water 
projects may exacerbate flooding or loss of 
groundwater recharge. This reduces overall 
costs and taxes. 

 ● Incorporate estimates of value into federal, 
state, and local planning and decision making. 
This report provides these estimates, which 
enable understanding of the scale of value 
provided by natural and working lands.  This 
is necessary for a successful Colorado River 
Basin approach to water, flood risk reduction, 
farming, and other economic drivers.  

 ● Innovate on investment. For example, Los 
Angeles residents pay for the cost of pipes, 
but nothing on the bill is for the natural 
infrastructure in the Colorado River Basin that 
provisions the actual water. New financing 
mechanisms will benefit both urban consumers 
and rural producers of water supply and other 
ecosystem services. 

i A discount rate of 4.125 percent is used by the Army Corps of Engineers and was adopted for this report. For more information on the use 
of this discount rate, see the section on Asset Value in Part 4.

$7.0 TRILLION TO 
$49.9 TRILLION

ASSET 
VALUE, 

0%

$1.8 TRILLION TO 
$12.1 TRILLION

ASSET 
VALUE, 
4.125%

$69.2 BILLION TO 
496.4 BILLION

ANNUAL 
VALUE

AT A GLANCE 
VALUE OF THE BASIN
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SUMMARY OF RECOMMENDATIONS 

 ● Invest in natural capital. The Colorado River 
Basin’s natural capital has a large asset value 
and high rate of return. Investments in natural 
capital deliver 21 categories of economic 
benefits to rural and urban communities 
including water supply, flood risk reduction, 
recreation, and healthier ecosystems. 

 ● Adapt to water realities. Rising water scarcity 
in the Colorado River Basin and the fact 
that the Basin does not deliver a set amount 
of water requires flexibility and constant 
adaptation. There should be further work to 
refine understanding of the full stocks and 
flows. Continuing demand-side actions to 
better allocate water for maintaining healthy 
rivers, agriculture, municipal, and industrial 
uses are essential. 

 ● Bring ecosystem service valuation into 
standard accounting and decision-making 
tools. This report can be used to inform 
accounting changes, rate of return on 
investment calculations, and benefit/cost 
analyses for private and public entities.

 ● Improve incentives for investment. Incentives 
that bring investment back to the Basin need 
to be advanced. For example, a natural capital 
charge on water bills in Los Angeles for the 
natural systems that produce water in the 
Colorado Basin.

 ● Conduct a more detailed valuation, 
mapping, and modeling of key ecosystem 
services. Better mapping and modeling of 
water supply, flood risk reduction, and more 
provides critical information to citizens and 
businesses. A more detailed analysis can be 
used to make more cost-effective investments 
across the landscape.

 ● Improve the management of natural assets. 
“Lose an ecosystem service, gain a tax 
district.” A systems approach with economic 
incentives improves natural asset management. 
Floods can be reduced while groundwater is 
recharged. There are many opportunities that 
bring greater investment into rural areas and 
provide benefits throughout the Basin. 

 ● Apply the dollar values in this report. 
This appraisal of value is legally defensible 
and applicable to decision-making at every 
jurisdictional level. For example, some values 
from this report can be used in FEMA’s  
benefit/cost toolkit for pre- and post- 
disaster mitigation. 

Economics is about understanding value, 
effectively deploying investment, raising 
prosperity, and securing economic and ecological 
resiliency. This report highlights the scale of 
value provided by the landscape in the Colorado 
River Basin. Whether land is in private or public 
ownership, that value, in the form of water supply, 
flood risk reduction, recreation, and other benefits, 
is distributed across the landscape. The economic 
vitality of communities depends upon it. Healthy 
natural systems provide vast economic value, and 
investing in natural capital provides a high rate of 
return. Understanding the scale of value provided 
in the Colorado River Basin provides incentive for 
investing in healthy landscapes, healthy rivers, and 
healthy communities. 

THE ECONOMIC VITALITY OF 
COMMUNITIES DEPENDS UPON  
THE VALUES DISTRIBUTED  
ACROSS LANDSCAPES.  
ABOVE: BOULDER CITY  
AND LAKE MEAD.
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THE COLORADO  
RIVER BASIN:  
WHAT IS IT WORTH? 

Part 1

Economies are housed within natural landscapes. 
Consider the people, cities, and infrastructure 
housed within the Colorado River Basin. Every 
barn, building, or business resides in the valleys, 
mountains, and hills of this spectacular  
natural landscape. 

The Colorado River Basin extends about 249,000 
square miles (642,000 square kilometers) across 
mountains, plateaus, and low-lying valleys of the 
American Southwest. It overlaps Colorado, Utah, 
Wyoming, Nevada, New Mexico, Arizona, and 
California; the river’s final stretch before reaching 
the Gulf of California crosses into Mexico, defining 
the border between the Mexican states of Sonora 
and Baja California. 

“It’s priceless.” That would be a common answer 
of residents. Yet, priceless has two meanings. 
While the intrinsic value of the Colorado Basin’s 
natural systems may be too great to estimate, 
the practically applied value is often zero. The 
Colorado Basin is deteriorating, particularly 
the water resources and riparian areas. Thus 
pricelessness may not be a practical value when 
it comes to daily decisions about where to put a 
parking lot, or how much water the Colorado River 
keeps. 

Like a human life, the Basin is priceless, and 
without its water, life would not exist. However, 
people also work, and the value of that work may 
be measured in a paycheck or with other economic 
measures. This report is not about the priceless 
nature of the Colorado River Basin, but about the 
valuable economic work that its natural systems 

HOW MUCH IS THE  
COLORADO RIVER BASIN  
WORTH?

FIGURE 1 MAP OF THE COLORADO RIVER BASIN

Source: cc by Shannon1 via Wikimedia Commons
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provide to people, including water, recreation, 
habitat, and flood risk reduction. These practical 
values can be used to help improve investment 
and recognition of the economic benefits that 
healthy natural systems provide. 

If the landscape is healthy, economies can thrive. If 
the landscape is degraded, economies fail. Water 
is a critical asset to both economic development 
and quality of life in the Colorado River Basin. 
The quantity, quality, timing, and flow of water 
is essential to natural infrastructure along the 
Colorado River, together with the biological 
community of living organisms including plants, 
animals, and smaller living beings. Water is just 
one of many linked economic goods and services 
that watersheds or large basins like the Colorado 
provide to people. 

A healthy watershed and the ecosystems and 
communities it houses deliver a steady stream 
of benefits to residents. Degraded watersheds 
naturally provide fewer economic and ecological 
benefits. Healthy watersheds and river basins 
are essential for creating a stable, resilient, and 
prosperous economy. Treating our watersheds as 
valuable natural capital assets enables investments 
at the right scale to promote a healthy state that 
provides sustainable ecosystem services.

The Basin has experienced rapid growth. Some of 
the Basin’s largest cities include Tucson (524,000)1,  
Las Vegas (596,000)2,  and Phoenix (1.4 million)3.  
Overall, about 40 million people depend on the 
Colorado River and its tributaries for drinking, 
showering, washing clothes, and watering lawns. 
This includes important population centers 
lying outside the Basin: Los Angeles, Denver, 
Albuquerque, and Salt Lake City. Businesses 
throughout the Basin—including breweries, 
refineries, and clothing makers—also depend on 
Colorado River water to make products and create 
profit. 

At the heart of any river basin is the river. 
Diversions from the Colorado River for agriculture 
total about 78 percent of the Colorado River’s 
entire flow,4  almost 4 trillion gallons per year. 
Water is pumped via tunnels through the 
Continental Divide to the vast irrigated plains 
of northern Colorado, where it grows low-cost, 
quickly maturing crops like alfalfa and corn.

A substantial portion of the Colorado River water 
is used haphazardly—growing turf grass in the 
desert and allowing water to evaporate as it sits 
in reservoirs, irrigation ditches, and swimming 
pools. The Basin’s water is also reused frequently 
as it flows through miles of agricultural lands. As 
irrigation water seeps from fields back into the 
river it often brings unwelcome soluble minerals, 
dissolving large amounts of salt and other minerals 
that leach from soils, and carrying them into the 
river. Dams, reservoirs, and diversions remove 
water, alter flow regimes, and threaten to destroy 
or degrade some ecosystems. Additionally, wildlife 
is endangered due to diminishing wetlands as the 
river no longer fills them. Wildlife is threatened 
or endangered because water, habitat, and food 
become scarcer. Substantial ecosystem service 
value is being lost due to growing demand and 
pressures on Colorado River water. 

Measuring the economic benefits of ecosystem 
services is essential to long-term, sustainable 
management of the Colorado River. The benefits 
of ecosystem services are similar to the economic 
benefits traditionally valued by economists, such 
as the services of skilled workers, buildings, and 
infrastructure. In most cases, ecosystems are 
the only systems that can produce these goods 
and services, unlike their built counterparts. The 
loss of ecosystem services decreases economic 
benefits. Economic impacts of further damage to 
the Basin would result in water scarcity, job loss, 
higher infrastructure costs, and loss of property 
due to storm events such as flooding. It is often 
impractical, generally undesirable, and at times 
absolutely impossible to replace valuable natural 
systems with more costly and less efficient built 
capital substitutes. When ecosystems are valued 
as assets and brought into the light of economic 
decision-making, these cost-effective goods 
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and services are more likely to be retained and 
continue to provide real returns to citizens, private 
companies, and government. 

Water dependent cities and industries are 
threatened in light of growing pressures on a 
limited water supply, growing demand for water, 
and the uncertain future effects of climate change 
on snowpack and other precipitation in the Basin. 
This report provides an outline of a Basin-wide 
valuation, with a focus on key ecosystem services 
such as water supply, waste filtration, soil erosion, 
recreation, habitat, and moderation of floods, 
which will provide a foundation for sustainable 
management of this important natural resource. 

CHARACTERIZING THE COLORADO 
RIVER BASIN 

The Colorado River Basin is traditionally divided 
into two regions: the Upper Basin, draining about 
45 percent of the total surface area, and the Lower 
Basin, draining about 55 percent. 

The dividing point between two is at Lees Ferry in 
Arizona. The Upper Basin includes the portions of 
the watershed in Colorado, Wyoming, and parts of 
Arizona, New Mexico, and Utah. The Lower Basin 
includes most of Arizona, parts of New Mexico 
and Utah, and the portions of the watershed in 
Nevada, California, and the Mexican States of 
Sonora and Baja California.

The contributions of water to the Colorado River 
across the landscape are unequal, with about 75 
percent of its flow originating in the Upper Basin 
where high mountains intercept moisture-bearing 
winds to trigger precipitation.5

Federal policy defines the boundaries of the 
Colorado River Basin and its various subdivisions 
using Hydrologic Unit Codes (HUC), so that these 
subdivisions standardize the locational description 
of all water-related data. The HUC system 
recognizes the primary division of the Basin into 
upper and lower basins, and further subdivides 
these regions into sub-basins. The Colorado River 
Basin sub-basins are outlined in Table 1 below.

TABLE 1 CROSSWALK BETWEEN BASIN NAMES IN THIS REPORT AND HYDROLOGIC UNIT  
CODE SUB-BASINS

THIS REPORT HUC REGIONS AND SUB-REGIONS

Upper Colorado River Basin 14 Upper Colorado River

Upper Colorado River Basin 1401 Colorado Headwaters

1402 Gunnison

1403 Upper Colorado and Delores

Green River Basin 1404 Great Divide and Upper Green

1405 White and Yampa

1406 Lower Green

Lake Powell Basin 1407 Upper Colorado and Dirty Devil

San Juan River Basin 1408 San Juan

Lower Colorado River Basin 15 Lower Colorado River

Lake Mead Basin 1501 Lower Colorado and Lake Mead*

Middle Colorado River Basin 1502 Little Colorado*

Lower Colorado River Basin 1503 Lower Colorado

Gila River Basin 1504 Upper Gila

1505 Middle Gila

1506 Salt

1507 Lower Gila

Colorado River Basin in Mexico 1508 Sonora
Source: http://cfpub.epa.gov/surf/locate/index.cfm
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Sub-Basins
As described above, the Colorado River Basin is a 
massive, incredibly diverse area. It can be divided 
into hydrological sub-basins according to HUC 
classifications at a more manageable scale with 
more internally common characteristics.

TABLE 2 DESCRIPTIONS OF COLORADO RIVER SUB BASINS

SUB-BASIN NOTABLE FEATURES NOTES

Upper 
Colorado 
River Basin 
(Upper Basin)

Major Cities: Grand Junction, CO; Moab, UT The Upper Colorado Basin includes the 
Colorado headwaters, and is mostly in 
the Rockies. Reservoirs in this area supply 
substantial amounts of water to the Denver 
area and beyond thanks to inter-basin water 
transfer systems. The Upper Colorado 
contributes about 42% of the River’s flow at 
Lees Ferry (the point dividing the Upper and 
Lower portions of the Basin). 

Reservoirs: Blue Mesa

Tributaries: Gunnison, San Miguel, Dolores

Notable Public Land: Black Canyon of the 
Gunnison National Park

Water Resources: Mostly high-quality water, 
with relatively little sediment provides small 
areas of flood-plain irrigation

Green River 
Basin  
(Upper Basin)

Major Cities: Rock Springs, WY The Green River is the largest tributary of the 
Colorado, by volume. It originates in the Wind 
River Mountains of Wyoming, and contributes 
34% of the Colorado’s total water at Lees 
Ferry.

Reservoirs: Flaming Gorge, Strawberry

Tributaries: Green, Big Sandy, Black’s Fork, 
Yampa, White, Duchesne, San Rafael

Notable Public Land:  Dinosaur National 
Monument

Water Resources: Significant amounts of 
water, some irrigation, wilderness rivers

San Juan 
River Basin 
(Upper Basin)

Major Cities: Farmington, NM The San Juan River originates in the Rocky 
Mountains, though much of it flows through 
the Colorado Plateau region. It contributes 
15% of the River’s water at Lees Ferry.

Reservoirs: Navajo

Tributaries: Animas, Chaco, Chinle

Notable Public Land: Mesa Verde National 
Park

Water Resources: Irrigation water for the 
Navajo Nation, heavy sediment concentrations 

Lake Powell 
(Upper Basin)

Major Cities: Page, AZ Formed behind the massive Glen Canyon 
Dam, Lake Powell is the second largest 
artificial lake in the United States—second only 
to Lake Mead, just downstream.

Reservoirs: Lake Powell

Tributaries: Dirty Devil, Fremont, Escalante

Notable Public Land: Arches National Park, 
Canyonlands National Park, Glen Canyon 
National Recreation Area, Rainbow Bridge 
National Monument

Water Resources: Heavy sediment 
concentrations, relatively little water for 
irrigation or urban use, wilderness terrain

Landscape
The biophysical landscape of the Colorado River 
Basin is comprised of geology and landforms, 
hydrology, and biogeography.6 Each is  
described on the following pages. 
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TABLE 2 
CONT.

DESCRIPTIONS OF COLORADO RIVER SUB BASINS

SUB-BASIN NOTABLE FEATURES NOTES

Middle 
Colorado 
River Basin 
(Lower Basin)

Major Cities: Winslow, AZ; Gallup, NM The stretch between America’s two largest 
dams also hosts her most famous natural 
wonder, the Grand Canyon. Environmental 
battles that broke out with regard to this 
stretch of the river captured the attention of 
the nation.

Tributaries: Little Colorado, Puerco, Oraibi 
Wash, Kanab Wash

Notable Public Land: Grand Canyon National 
Park, Grand Staircase-Escalante National 
Monument

Water Resources: The main stem of the 
Colorado is a simple conduit of water in this 
region; tributaries contribute relatively little 
water and much sediment

Lake Mead 
Basin (Lower 
Basin)

Major Cities: Las Vegas, NV; Henderson, NV; 
St. George, UT

The largest man-made lake in America, Lake 
Mead has a storage capacity of nearly thirty 
million acre-feet of water, though the lake 
seldom approaches these levels now. Las 
Vegas is the closest of several large cities that 
draw on its water.

Reservoirs: Lake Mead

Tributaries: Virgin, Muddy, White

Notable Public Land: Lake Mead National 
Recreation Area

Water Resources: Source of little water, region 
of little irrigation; increasing demands for 
urban use in Las Vegas strains available water 
resources

Lower 
Colorado 
River Basin 
(Lower Basin)

Major Cities: Bullhead City, AZ; Lake Havasu 
City, AZ; Prescott, AZ

The Lower Colorado River Basin is low desert 
country where hot, arid conditions prevail. 
Mountains and broad desert valleys make up 
the landscape away from the river. Recreational 
use focuses on the river and its reservoirs.

Reservoirs: Lake Mohave, Lake Havasu

Tributaries: Bill Williams

Notable Public Lands: Mojave National 
Preserve

Water Resources: The Colorado River is a 
losing stream here, meaning that its discharge 
decreases relative to added runoff as a 
result of evaporation, withdrawals, and low 
precipitation levels in lower-elevation deserts

Gila River 
Basin (Lower 
Basin)

Major Cities: Phoenix, AZ; Scottsdale, AZ; 
Mesa, AZ; Tucson, AZ; Yuma, AZ

Both the most populous and most 
agriculturally productive of the Colorado River 
sub-basins, the Gila Basin is also one of the 
most arid regions of not only the Basin, but 
the country. The Phoenix metro areas one of 
the largest in the nation.

Reservoirs: Painted Rock, Theodore Roosevelt 
Lake, San Carlos Lake

Tributaries: Gila, Salt, San Pedro, Verde, San 
Francisco, San Simon, Santa Cruz, Agua Fria

Notable Public Land: Saguaro National Park, 
Organ Pipe Cactus National Monument

Water Resources: Major consumption by 
Phoenix and Tucson of available water, with 
most of the remainder used for irrigation along 
the Gila River; agricultural leaching and runoff 
adds salt to surface and groundwater. 
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TABLE 2 
CONT.

DESCRIPTIONS OF COLORADO RIVER SUB BASINS

SUB-BASIN NOTABLE FEATURES NOTES

Mexico Major Cities: San Luis Río Colorado The Mexican region of the Colorado River 
Basin was once a lush delta, host to birds, 
wildlife, and many plants. Over the 20th 
century, it became a desert, with the waters 
of the Colorado seldom reaching the gulf. 
Recent international efforts including a release 
of water from upstream hold promise for the 
delta’s rebirth.

Tributaries: Sonora

Notable Public Land:  El Pinacate and Gran 
Desierto de Altar Biosphere Reserve

Water Resources: Extensive crop irrigation for 
export produce

Source: http://cfpub.epa.gov/surf/locate/index.cfm

FIGURE 2 MAP OF THE UPPER COLORADO 
RIVER SUB-BASIN

FIGURE 3 MAP OF THE GREEN RIVER SUB-
BASIN

FIGURE 4 MAP OF THE SAN JUAN RIVER SUB-
BASIN

FIGURE 5 MAP OF THE MIDDLE COLORADO 
RIVER SUB-BASIN

Key for Figure 2 - Figure 9
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FIGURE 6 MAP OF THE LAKE POWELL SUB-
BASIN

FIGURE 7 MAP OF THE LAKE MEAD SUB-BASIN

Geology and Landforms
The geology and landforms of the Colorado River 
Basin are parts of three physiographic provinces: 
Rocky Mountains, Colorado Plateau, and Basin 
and Range. Internally, each province has broadly 
similar geologic materials, soils, and landforms, 
and the provinces are distinctly different from  
each other. 

Rocky Mountains. The Central and Southern 
Rocky Mountains dominate the headwaters 
regions of the Upper Colorado Basin in the Green, 
Colorado, and San Juan River Basins. The terrain 
of these mountainous areas includes crystalline 
rocks such as granite, with considerable folding 
and faulting to create complex geology. Soils 

are generally thin, and although the mountains 
produce the majority of the overall Colorado River 
Basin’s water runoff, they produce only minor 
amounts of sediment.7

The landforms of the Rocky Mountain province 
are primarily mountains sculpted by repeated 
glaciations, and they are characterized by steep 
slopes. Peaks are often above 13,000 feet in 
elevation above sea level, so these mountains 
intercept considerable precipitation, especially as 

FIGURE 8 MAP OF THE GILA RIVER SUB-BASIN

FIGURE 9 MAP OF THE LOWER COLORADO 
RIVER SUB-BASIN
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snowfall in winter. The terrain includes river valleys, 
but they are relatively narrow and have floodplains 
that are generally no more than a few channel-
widths wide. 

Colorado Plateau. Unlike the Rocky Mountain 
province that extends far beyond the Colorado 
River Basin, most of the Colorado Plateau is 
contained within the basin. The plateau province 
lends its geology and landforms to the central and 
southern parts of the Upper Colorado River Basin 
and to the northern part of the Lower Colorado 
River Basin. The plateau province consists of 
terrain developed on relatively flat-lying or gently 
folded sedimentary rocks that are geologically 
younger than those of the Rocky Mountains. These 
sedimentary rocks give the region a layer-cake 
appearance with alternating beds of sandstone, 
shale, and limestone forming relatively flat 
surfaces above steep canyon walls carved by the 
region’s rivers. Volcanic rocks occasionally occur 
as basalt flows forming caps atop some surfaces, 
while small intrusions of basalt or granite form 
the cores of small mountain ranges.8 Although 
the Plateau province does not generally reach the 
great elevations of the Rocky Mountains, some 
mountains and plateaus top out at over 11,000 
feet above sea level.

The landforms of the Colorado Plateau are the 
result of erosion of its geologic materials by its 
rivers. The resulting landscape is a striking terrain 
of spectacular canyons, plateaus, mesas, and 
mountains. Valley floors contain some stored 
sediments with small floodplains, and sharply 
defined cliffs often separate river valleys from the 
surrounding terrain.

Basin and Range. The Basin and Range province 
is characteristic of the southernmost portion 
of the Colorado River Basin, and includes the 
parts of Arizona, Nevada, and California lying to 
the sound and west of Arizona’s Mogollon Rim. 

Geologic faulting left uplifted granitic blocks 
that form widely spaced mountain ranges, with 
the intervening valleys formed by downthrown 
blocks. As the mountains have eroded, they have 
shed their materials into the valleys, filling them 
with sediment to depths of 10,000 feet or more. 
These enormous valleys with their porous geologic 
materials formed great reservoirs of groundwater 
that supported the early Anglo-American 
development in this arid region.9

The terrain of the Basin and Range includes 
“Sky Islands” mountains, reaching elevations of 
nearly 10,000 feet above sea level, with isolated 
woodlands and forests housing animals unique 
among desert regions. The valley floors between 
the mountains are broad, flat expanses underlain 
by sandy soils with broad, shallow rivers and large 
floodplains. Alluvial fans spread outward from 
the bases of the mountain ranges that are often 
outlined by fault zones. Such valley floors serve as 
the sites of the two largest cities of the Colorado 
River Basin, Phoenix and Tucson. 

Hydrography
The Colorado River Basin has three primary 
sources of water in the Upper Basin: the Colorado, 
Green, and San Juan rivers; and two in the Lower 
Basin, the Little Colorado and Gila rivers. Natural 
lakes are few and small, but the Basin includes 
several artificial lakes that are among the largest 
reservoirs in North America. The Colorado River 
of the Upper Basin is a gaining stream, meaning 
that as it flows southward to Lees Ferry near the 
Grand Canyon, it gains increasing amounts of 
water in the downstream direction. From that point 
onward, however, the Colorado River is a losing 
stream, meaning that as it continues to flow west 
and south toward its delta in Mexico, the river 
carries less and less water. Losses are primarily 
the result of diversions for irrigation that reduce 
Basin flows and runoff by about 64 percent, 

CC BY Wolfgang Staudt
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and evaporative loss (particularly from reservoir 
surfaces) that accounts for about 32 percent. Most 
years, the Colorado River retains insufficient flow 
to reach its natural end in the Gulf of California.10

The Green River drains the northernmost 
portion of the Colorado River Basin, rising from 
precipitation and snowmelt in the Wind River 
Mountains of western Wyoming. The Green 
River flows generally southward from the Rocky 
Mountains onto the Colorado Plateau (with an 
easterly detour around the east-west trending 
Uinta Mountains of Utah). One of its major 
tributaries is the undammed Yampa River that 
rises in Colorado’s Rocky Mountains. The Green 
and Colorado rivers join at the confluence in 
Canyonlands National Park, Utah. Although 
the Green River drains about 18 percent of the 
Colorado River Basin by land area, it supplies 
about 34 percent of the flow of the Colorado River 
at Lees Ferry (the boundary between the Upper 
and Lower Basins), along with about 15 percent of 
its sediment load.11

The Colorado River above the confluence was 
originally known as the Grand River. It supplies 
about 42 percent of the flow of the Colorado 
River at Lees Ferry, but only about 8 percent of its 
sediment, reflecting of the role that the Colorado 
Rocky Mountains play in capturing precipitation 
for runoff in a granitic terrain that sheds little. 
The San Juan River contributes 15 percent of the 
flow at Lees Ferry, but supplies 38 percent of the 
sediment because it flows through sediment-rich 
areas of the Colorado Plateau. The Lake Powell 
Basin is dominated by the Colorado Plateau 
landscape, contributing 9 percent of the water, but 
40 percent of the sediment for the river at Lees 
Ferry.12

Below Lees Ferry in the Lower Colorado River 
Basin, the Colorado River receives only minor 
amounts of water from the Little Colorado and 
Paria rivers that join it in the Grand Canyon, and 
the Virgin River that joins it just below the Grand 
Canyon. The Gila River, rising near the Arizona-
New Mexico border, is the largest Lower Basin 
tributary, but its contribution of water to the main 
river is equal to only about 8 percent of the total 
flow. 

A substantial water-control infrastructure alters the 
pre-development flows of water (and sediment) 
in the basin. Although the Colorado River is 
sometimes characterized as one of the most 
regulated rivers in the world, the degree of control 
is not as great as many European rivers, or for 
rivers such as the Tennessee River in the United 
States. The combined Upper and Lower basins 
contain more than 1,600 dams of all sizes; the 
10 largest dams have reservoirs with capacities 
greater than one million acre-feet of water. Table 
3 shows a list of the largest dams in the Colorado 
River Basin. The large dams of the Basin can 
store about 2.5 to 3 years’ flow of the entire river, 
though there rarely is enough flow to fill them all 
to capacity.13 

Biogeography
Three biomes are represented in the Basin: alpine 
tundra at the highest elevations on mountain 
peaks and plateau summits, temperate mountain 
forests on intermediate mountains and plateaus, 
and deserts at the lowest elevations (shown in 
Table 4). The tundra and forests occur in northern 
headwaters regions and in association with high 
plateaus in the Lower Basin. Primary components 
of the forests include Douglas fir, subalpine fir, and 

TABLE 3 LARGEST DAMS IN THE COLORADO RIVER BASIN

DAM RESERVOIR RIVER STATE DATE COMPLETED STORAGE (ACRE-FEET)

Hoover Lake Mead Colorado AZ/CA 1936 28,945,000

Glen Canyon Lake Powell Colorado AZ 1964 26,214,900

Flaming Gorge Flaming Gorge Reservoir Green WY 1964 3,788,800

Theodore Roosevelt Theodore Roosevelt Lake Salt AZ 1911* 2,910,200

Painted Rock Painted Rock Reservoir Gila AZ 1960 2,491,700

Davis Lake Mohave Colorado AZ/CA 1950 1,818,300

Navajo Navajo Lake San Juan NM 1963 1,708,600
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Engelmann spruce, but ponderosa pine is also 
common, especially at lower elevations and along 
the southern rim of the Colorado Plateau in north-
central Arizona.14

Desert shrublands and piñon-juniper woodlands 
are the most common vegetation communities 
in the Colorado River Basin, mostly found within 
the elevation band of about 5,000–10,000 feet 
(1,500–3,000 meters). They include some higher 
altitude areas such as in the Wyoming basins, 
but their most common expression is as plateau 
woodlands in the Middle Colorado River Basin, 
and as low desert shrublands at the southern end 
of the Basin. Iconic species of these shrublands 
include sagebrush, piñon pine, and juniper in 
higher elevations, and creosote bush, desert holly, 
and cacti at the lower elevations.

Riparian communities in higher elevations 
commonly have cottonwood, birch, aspen, and 
several varieties of small willows. In the elevation 
band about 6,000–6,500 feet (1,800–2,000 meters) 
cottonwood and willow gallery forests were 
common, though they can occur at higher and 
lower elevations as well in some areas of the Basin. 
A large portion of these forests were harvested by 
Anglo-American settlers in the 1800s and in some 
cases replaced by the exotic invasive tamarisk 
in 1900s. These forests still exist as low desert 
riparian vegetation, as long as there is a water 
supply to support them.

ECOSYSTEM SERVICES OF THE 
COLORADO RIVER BASIN

Ecosystem goods and services are defined as 
the benefits people derive from ecosystems. 
Humans need ecosystem services to survive: 
breathable air, drinkable water, nourishing food, 
flood risk reduction, water quality treatment, and 
stable atmospheric conditions are all examples 
of nature’s services. These economically valuable 
“gifts of nature” are often taken for granted. 
These ecosystem services provide a foundation 
for economic activity. All the energy and materials 
used to produce manufactured goods and 
services, such as cars, chairs and computers are 
originally derived from nature.

A factory is the built capital asset that, with the 
input of resources and labor, produces cars. So 
too, natural capital such as forests and wetlands 
are the capital assets that produce ecosystem 
goods and services. Natural capital includes the 
planet’s reserve of water, air, land, biodiversity, 
renewable resources, and non-renewable 
resources. Like other forms of capital, natural 
capital provides a flow of goods and services—
the difference is these benefits stem from natural 
systems in the environment and are provided for 
free and in perpetuity, if natural capital assets are 
healthy.

Natural capital provisions ecosystem services, 
and is comprised of ecosystems that result 
from interactions between natural processes 
of biological communities of living organisms 
and their physical environment. Natural capital 
continuously produces suites of goods and 
services, rather than single products. 

For example, forest ecosystems with plant 
and animal communities, soils, slopes, and 
hydrological systems are one category of natural 
capital. Forests intercept rainfall, increase 
infiltration into the soil, and regulate peak water 
flows, functions which then provide the service 
of flood risk reduction downstream. If the natural 
capital assets were to be damaged or destroyed, 
the economic benefit of flood risk reduction 
would be lost at increased costs to communities 
downstream. 

TABLE 4 BIOMES AND TERRESTRIAL 
ECOREGIONS OF THE COLORADO 
RIVER BASIN

BIOMES ECOREGIONS (ID NUMBER AND NAME)

Tundra Not mapped

Temperate 
Mountain 

Forest

43 South Central Rocky Mountain Forests

44 Wasatch and Uinta Montane Forests

45 Colorado Rockies Forests

46 Arizona Mountains Forests

47 Madrean Sky Islands Montane Forests

Desert 77 Wyoming Basin Shrub Steppe

78 Colorado Plateau Shrublands

79 Mojave Desert

80 Sonoran Desert
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The benefits of ecosystem services hold significant 
economic value. Ecosystems are the most 
economically efficient, resilient, and sustainable 
systems (and in some cases the only systems) 
capable of producing many goods and services. 
This can be seen in the case of marketable 
products such as water or trout. Other benefits 
may create economically valuable services, such 
as water filtration. For example, some cities 
in the United States, including Seattle, New 
York, and San Francisco, do not require water 
filtration plants because their upstream forests 
and wetlands filter water to a quality higher than 
regulatory requirements. This has saved hundreds 
of millions of dollars in built capital costs over 
the last century. Within the Colorado River Basin, 
the Tonto National Forest was established with a 
goal of protecting the water supply and quality 
of the Salt and Verde Rivers in 1905. This has 
helped secure the water quality of the Theodore 
Roosevelt Reservoir, a primary water source for the 
Phoenix metropolitan area. This saves rate-payers 
capital and maintenance costs for filtration plants. 
Thus, many ecosystem goods and services can 
be valued with methodologies similar to valuing 
traditional built capital benefits that consider the 
direct market value.15

The loss of ecosystem services would decrease 
economic welfare as measured by a decrease in 
consumer and/or producer surplus. For example, 
some economic impacts would be job loss, 
infrastructure cost, restoration cost, and loss of 
property due to storm events such as flooding. 
It is often impractical, generally undesirable, and 
in some cases absolutely impossible to replace 
valuable natural systems with more costly and less 
efficient built capital substitutes. When ecosystems 
are valued as assets and included in economic 
decision-making, these cost-effective services 
are more likely to be retained and save citizens, 
private companies and government substantial 
amounts of money.

Ecosystem services can be categorized in different 
ways. This study follows an approach similar to 
that developed by the Millennium Ecosystem 
Assessment and divides 21 ecosystem services 
into the four functional groups shown below:

PROVISIONING SERVICES
Basic goods including food, water and 
materials. Forests grow trees that can 
be used for lumber and paper, wild 
and cultivated crops provide food, 
and other plants may be used for 
medicinal purposes. Rivers provide 
fresh water for drinking, and fish for 
food. Coastal waters provide fish, 
shellfish, and seaweed.

REGULATING SERVICES
Benefits obtained from the natural 
control of ecosystem processes. Intact 
ecosystems provide regulation of 
climate, water, soil, floods, and storms 
and keep disease organisms in check.

SUPPORTING SERVICES
Provision of refuge and reproduction 
habitat to wild plants and animals 
which thereby contribute to the 
conservation of biological and genetic 
diversity and evolutionary processes. 
Local to global nutrient, elemental, 
water cycles.

INFORMATION SERVICES
Humans’ meaningful interaction 
with nature. These services include 
recreation, spiritual, aesthetic, 
historic, educational, scientific, and 
subsistence values. 

These services can be classified and grouped by 
good or service. They are summarized in Table 5 
with a brief description of the economic benefit 
provided to people.
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Regulating Services

CO₂

AIR QUALITY
Providing clean, breathable air

BIOLOGICAL CONTROL
Providing pest and disease control

CLIMATE STABILITY
Supporting a stable climate through carbon 
sequestration and other processes

MODERATION OF EXTREME EVENTS
Preventing and mitigating natural hazards such 
as floods, hurricanes, fires, and droughts

POLLINATION
Pollinating wild and domestic plant species

SOIL FORMATION
Creating soils for agricultural use and 
ecosystems integrity; maintaining soil fertility

SOIL RETENTION
Retaining arable land, slope stability, and 
coastal integrity

WASTE TREATMENT
Improving soil, water, and air quality by 
decomposing human and animal waste and 
removing pollutants

WATER REGULATION
Providing natural irrigation, drainage, ground 
water recharge, river flows, and navigation

Supporting Services

GENETIC RESOURCES
Improving crop and livestock resistance to 
pathogens and pests

HABITAT AND NURSERY
Maintaining genetic and biological diversity, 
the basis for most other ecosystem functions; 
promoting growth of commercially harvested 
species

Adapted from de Groot, R.S., Wilson, M.A., Boumans, R.M.J., 2002ii

ii A typology for the classification, description, and valuation of ecosystem functions, goods, and services. Ecological Economics 41, 393-
408.74 and TEEB, 2009. The Economics of Ecosystems and Biodiversity: Mainstreaming the Economics of Nature: A Synthesis of the 
approach, conclusions and recommendations of TEEB.

Provisioning Services

ENERGY AND RAW MATERIALS
Providing fuel, fiber, fertilizer, minerals, and 
energy

FOOD
Producing crops, fish, game, and fruits

MEDICINAL RESOURCES
Providing traditional medicines, 
pharmaceuticals, and assay organisms

ORNAMENTAL RESOURCES
Providing resources for clothing, jewelry, 
handicraft, worship, and decoration

WATER SUPPLY
Provisioning surface and ground water for 
drinking, irrigation, and industrial use

Information Services

AESTHETIC INFORMATION
Enjoying and appreciating the presence, 
scenery, sounds, and smells of nature

CULTURAL AND ARTISTIC INSPIRATION
Using nature as motifs in art, film, folklore, 
books, cultural symbols, architecture, and 
media

RECREATION AND TOURISM
Experiencing natural ecosystems and enjoying 
outdoor activities

SCIENCE AND EDUCATION
Using natural systems for education and 
scientific research

SPIRITUAL AND HISTORICAL
Using nature for religious and spiritual 
purposes

TABLE 5 21 ECOSYSTEM SERVICES
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LAND AND WATER: DEPENDENCY ON  
THE COLORADO RIVER

The Colorado River and its tributaries provide 
water to nearly 40 million people for municipal 
use, 5.5 million acres of land for agricultural use, 
at least 22 federally recognized tribes, 7 National 
Wildlife Refuges, 4 National Recreation Areas, and 
11 National Parks.16 Within these natural areas, 
the survival of many plant and animal species rely 
on direct and consistent supply of fresh water 
throughout a majority of the year. The fate of the 
people and habitat reliant on the Basin’s water 
depends heavily on future use of this water supply. 

In 2012, the Bureau of Reclamation (Bureau) 
conducted a study to define current and future 
imbalances in water supply and demand in the 
Basin and the adjacent areas of the Basin States 
that receive Colorado River water over the next 50 
years (through 2060). The goal of the study was 
to develop and analyze adaptation and mitigation 
strategies to resolve those imbalances. Figure 10 
shows projected supply and demand of Colorado 
River water based on historical trends. Using 

data provided by the Basin States, tribes, federal 
agencies, and other water entitlement holders, 
the Reclamation study detailed four adaptive 
strategies based on several data projections 
scenarios. Each strategy was provided in a 
portfolio of actions, which include the following:

 ● Portfolio A: Is the least restrictive and contains 
all options that are in both Portfolio B and 
Portfolio C.

 ● Portfolio B: Includes options with high 
technical feasibility and high long-term 
reliability; excludes options with high 
permitting, legal, or policy risks.

 ● Portfolio C: Includes only options with 
relatively low energy intensity; includes an 
option that results in increased instream flows; 
excludes options that have low feasibility or 
high permitting risk.

 ● Portfolio D: Is the most selective and contains 
only those options that are included in both 
Portfolio B and Portfolio C.

FIGURE 10 WATER SUPPLY AND DEMAND IN COLORADO RIVER BASIN 

Source: US Bureau of Reclamation
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The results of the Baseline analysis indicate 
that, without action, meeting Basin resource 
needs over the next 50 years will become 
increasingly difficult. Several factors contribute 
to this conclusion: Projected development of 
water supplies, increased consumptive use in 
the Upper Basin, with potential reductions in 
future supply which result in reduced volumes 
of water stored in system reservoirs. With lower 
water elevations in reservoirs, hydropower and 
shoreline recreation decline, while water delivery 
shortages increased. Decreases in flows in key 
river tributaries have negative implications for 
flow-dependent resources such as boating, 
recreation, and river ecology. The study results 
show that water shortage threats are of grave 
concern under most scenarios, particularly under 
scenarios of rapid population growth. Enhanced 
environmental restoration conditions provide the 
best water security to 2060. These findings fully 
support the need to develop and evaluate options 
and strategies to help resolve the water supply 
and demand imbalance.

Though the study above did not attempt to 
consider the effects of climate change, the authors 
recognized that climate change will further 
threaten Basin water resources with extended 
drought periods, stronger heat waves, and more 
intense storm events. 

Without far better water management, the 
economic viability of agriculture, industry, 
households, and natural systems in the Colorado 
Basin are threatened with severe decline. In the 
following sections, water-dependent sectors  
are discussed. 

Agriculture
A substantial area of the Basin in both the United 
States and Mexico—roughly 3.5 million acres 
of land—is dedicated to agriculture, either as 
cropland or pasture. Over 90 percent of this land 
relies on irrigation water from the Colorado River 
for its viability.17 

Around 2 million acres of that irrigated land is 
dedicated in some form to livestock, as pasture 
or forage crops; cattle are the top grossing 
agricultural product in six out of seven Basin 
States, with Colorado’s output of beef and hides 
the 5th largest in the nation.18

Many other crops are grown throughout the 
region; Arizona is noteworthy as the nation’s 
5th largest producer of vegetables,19 with Yuma 
County alone producing about 90 percent of the 
nation’s lettuce in winter months.20 Given Arizona’s 
arid climate—with Yuma Valley one of its most 
parched regions at less than four inches average 
annual rainfall21—and the water-intensive nature of 
many of the state’s cash crops, vast quantities of 
irrigation water are required to sustain this  
desert abundance. 

However, in Arizona as in the other lower Basin 
states and Mexico, the total irrigated acreage has 
been shrinking, as cities grow and overtake land—
and water—that was previously used  
for agriculture.22

Out-of-Basin Agricultural Dependence
Of the nearly 40 million people23 who rely on 
water from the Basin, 70 percent reside outside 
of the Colorado River Basin.24 A myriad of dams, 
pipes, pumps, aqueducts, tunnels, and other 
infrastructure carry the river’s water far afield; 
tunnels beneath the Continental Divide at up to 
3,800 feet below ground bolster water supply 
in the Denver-Fort Collins area,25 and a maze of 
canals and aqueducts supplies taps as far west as 
ocean view apartments in Long Beach, California.26

As within the Basin, most of the Colorado River’s 
water exports go to agriculture, irrigating 2.5 
million acres of crops outside the Basin’s bounds.27 
Nearly 600,000 acres of California land in the 
Imperial and Coachella Valleys are irrigated via 
the All-American Canal system.28 This water allows 
Imperial Valley to supply roughly two thirds of 
the vegetables consumed in America during the 
winter.29 In northeastern Colorado, Colorado River 
water is pumped through the Rockies and helps 
sustain fields in the late summer.30 And in Mexico, 
much of Colorado River water received is diverted 
to sustain agriculture in the Mexicali Valley, where 
wheat, alfalfa, cotton, and other crops are grown in 
a climate that, like Yuma Valley, receives less than 
four inches of rainfall per year.31
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Municipal
While the urban centers of the Basin compromise 
only a small fraction of its land use, these Basin 
cities house most of the region’s residents and 
depend heavily on water from the Colorado River 
to sustain them; particularly those in Arizona, 
where over half of the Basin’s population resides.32  
Despite this, municipal water use accounts for less 
than a quarter of total Colorado River water use; 
however, ongoing urban growth is  
increasing demand.

Out-of-Basin Municipal Dependence
Many of the Basin states’ largest cities—Denver, 
Salt Lake City, Los Angeles33—lie outside the 
Basin. However, this does not mean that those 

TABLE 6 2008 ACRE-FEET AND POPULATION BY WATER SERVICE AREA

STATE SERVICE AREA* ESTIMATED POPULATION DELIVERIES (ACRE-FEET)

CA City of Los Angeles 4,002,071 653,543

CA San Diego County 3,146,274 648,675

NV Southern Nevada Water Authority 1,922,069 519,200

CA Orange County 2,225,192 515,105

AZ Phoenix 1,566,190 305,577

CA Central Basin MWD 2,000,000 276,357

CA Upper San Gabriel Valley 900,000 260,873

CA West Basin MWD 900,000 239,799

CA Riverside County MWD 853,000 219,362

CA Coachella Valley Water Agencies 462,386 208,250

AZ Tucson MWD 952,670 194,000

CA Inland Empire Utilities Agency 850,000 175,969

CA Eastern MWD 660,000 171,341

CO Denver Water 1,154,000 126,161

CA Coachella Valley Water District 282,426 125,283

CA Three Valleys MWD 559,900 117,606

AZ Mesa 469,989 89,937

AZ Scottsdale 242,790 83,603

UT Jordan Valley Water 567,299 83,042

UT Salt Lake City 322,215 75,843
*Service areas outside of the basin are highlighted in orange, while service areas partly or entirely inside the basin are highlighted in green.

cities’ welfare is not directly tied to the welfare 
of the Colorado River Basin. The Los Angeles 
aqueduct conducts Colorado River Water essential 
to the existence and growth of the city.34 San 
Diego residents have recently agreed to foot the 
bill for water conservation improvements to canals 
and aqueducts in order to gain access to “extra” 
Colorado River water.35 Denver alone uses over a 
hundred thousand acre-feet per year.36 And while 
Salt Lake City does not yet depend on water from 
the Colorado River, the Central Utah project is 
slated to pipe Colorado River water to provide up 
to 12 percent of Salt Lake City’s rising water needs 
by 2020.37 Table 6 shows the top municipal water 
users who draw some portion of their supply from 
the Colorado River. 
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Extractive Industry
Millions of acres of timber lands, particularly in 
Colorado, support tens of millions of dollars’ worth 
of forestry within the Basin, though harvests and 
jobs have been declining for some time.38 Mining, 
on the other hand, remains a critical industry as 
well as a significant consumer of water. Arizona’s 
mines produce over two-thirds of US copper, 
making it the 6th largest copper producing area 
in the world.39 Colorado’s coal mines, which are 
mostly located within the Basin,40 produced nearly 
30 million tons of coal in 2012,41 and the last 
operating uranium mill in the United States can be 
found in the Colorado Basin in Utah.42

Oil and gas exploration and recovery also 
consume large quantities of water. Drilling 
vertically and horizontally requires water. A study 
in the Wattenberg Field in Colorado showed 
water extraction with the use of fracking, which 
requires horizontal drilling, typically consumes 
over 2 million gallons per well. On a gallons-per-
million-BTU-produced basis, fracking can use less 
water than vertical drilling and recovery. Water 
consumption per BTU is far higher for corn-based 
ethanol but highest for biodiesel produced from 
soy and rapeseed. Enhanced recovery in older 
oil fields utilizes water pumped down to flush 
additional oil out, though brackish water from 
below potable aquifers is usually used. Altogether, 
mining and fossil fuel extraction within the Basin 
uses over a hundred million gallons of water each 
day.43

ALTOGETHER, MINING AND FOSSIL FUEL EXTRACTION WITHIN THE BASIN 
USES OVER A HUNDRED MILLION GALLONS OF WATER EACH DAY.  
IN THIS PICTURE: GAS AND OIL WELLS IN SOUTHERN COLORADO AND 
NORTHERN NEW MEXICO.
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MEASURING ECOSYSTEM  
SERVICES ACROSS THE 
COLORADO RIVER BASIN

Part 2

QUANTIFICATION OF LAND COVER IN 
THE COLORADO RIVER BASIN

Ecosystem service valuation assigns a dollar 
value to goods and services provided by a given 
ecosystem. This allows for proposed management 
policies to be considered in terms of their ability 
to improve ecological processes that produce 
valuable ecosystem goods and services.

Valuation of ecosystem services in the Basin 
first requires the use of Geographic Information 
Systems (GIS) data to assess the acreage of each 
land cover class within the study region. Examples 
of land cover classes include coniferous forests, 
grasslands, shrubs, and wetlands. Land cover 
classes were chosen based on the ability to derive 
ecosystem valuation data for that type of class.

GIS data is gathered through aerial and/or satellite 
photography and can be classified according to 
several classification systems or “layers.” Earth 
Economics maintains a database of peer-reviewed 
valuation studies organized by land cover class. 
For this study, the region was divided into 14 land 
cover classes by each sub-basin listed in Table 7. 
Several datasets were compiled for the region’s 
land cover and land use data within the Basin. For 
details on the GIS data used, see Appendix B.

Land cover types used in the study area are 
referenced in Table 7, which presents the final 
land cover classes and acreages that comprise 
the study area as categorized for this report, and 
a description of the layer(s). Snapshots of the 
distribution of these land classes by sub-basin are 
provided in Figure 11.

Forest types vary widely between sub-basins. 
Upper Colorado River sub-basins provide much 
higher water storage and store more carbon than 
Lower Colorado River sub-basins. Table 8 provides 
the major forest sub-types that exist within each 
sub-basin. In the valuation sections of Part 4 this 
report, the varying forest sub-types of each basin 
are shown and incorporated in the ecosystem 
service values. 

The spatial distribution of goods and services 
produced in a region’s economy can be mapped 
across the landscape. Mapping goods and services 
provided by factories, restaurants, schools, and 
businesses provides a view of the economy of 
that region. For example, retail, residential, and 
industrial areas occur in different parts of the 
landscape. The economic value of these goods, 
services, housing areas, and industry areas can 
also be estimated from market or appraisal values. 
A map of the Basin by sub-basin is provided in 
Figure 11.

Land cover types across the sub-basins provide 
different functions, such as varying amounts 
of snowpack storage, sediment removal or 
soil retention or erosion. These processes and 
functions provide services, such as water supply. 
Crucial ecosystem functions and process also 
vary widely within proximity to the Colorado River 
and its major Basin tributaries. To consider the 
increased value of habitat, recreation, and other 
ecosystem services near riverine and other water 
systems, land cover types within proximity (200 
feet) to a major river or lake were considered 
separately in this report. The acreage of Basin 
ecosystems within this 200 foot buffer of rivers and 
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TABLE 7 ACREAGE BY SUB-BASIN LAND COVER TYPE IN THE COLORADO RIVER BASIN

LOWER BASIN

Land Cover
Gila  

River Basin
Lake Mead

Basin
Lower Colorado

River Basin
Middle Colorado

River Basin

Lakes and Reservoirs 31,534 109,250 54,416 9,754

Rivers and Streams 22,119 4,409 28,096 11,447

Barren / Desert 481,768 274,648 438,260 420,289

Deciduous Forest 40,227 115,765 8,823 15,596

Coniferous Forest 7,599,052 2,127,525 433,205 5,399,578

Mixed Forest 28,308 7,858 166 346

Shrub / Scrub 27,478,030 9,701,251 9,680,787 14,943,391

Grassland/Herbaceous 1,322,651 637,488 102,803 2,219,230

Pasture / Hay 89,271 31,102 176,572 9,824

Cultivated Crops 989,812 10,190 311,963 5,877

Woody Wetlands 49,508 14,237 12,716 14,315

Riparian 210,130 66,798 98,888 49,536

Herbaceous Wetlands 23,500 14,894 5,442 11,181

Urban Green Space 89,357 15,511 2,457 4,956

Total 38,455,267 13,130,926 11,354,594 23,115,320
UPPER BASIN

Land Cover
San Juan  

River Basin
Upper Colorado

River Basin Green River Basin Lake Powell Basin

Lakes and Reservoirs 25,215 40,924 103,980 121,178

Rivers and Streams 6,705 13,540 33,514 22,411

Barren / Desert 233,757 435,873 499,672 2,557,125

Deciduous Forest 470,810 2,144,264 1,701,426 914,949

Coniferous Forest 2,437,254 4,276,440 4,966,669 3,614,753

Mixed Forest 86,415 87,534 99,523 94,613

Shrub / Scrub 6,176,620 3,337,033 18,578,598 10,256,122

Grassland/Herbaceous 1,582,030 960,846 824,669 2,106,539

Pasture / Hay 248,796 363,709 758,322 140,094

Cultivated Crops 196,318 121,542 16,104 22,545

Woody Wetlands 43,121 80,434 109,641 28,818

Riparian 144,738 289,778 424,232 115,231

Herbaceous Wetlands 5,658 11,249 97,761 3,026

Urban Green Space 2,993 7,199 2,015 199

Total 11,660,430 12,170,365 28,216,126 19,997,603
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TABLE 8 SUB-BASIN FOREST SUB-TYPES 

LOWER BASIN

Dominant  
Forest Type

Gila  
River Basin

Lake Mead
Basin

Lower Colorado
River Basin

Middle Colorado
River Basin

Dominant Coniferous 
Forest Types 

Piñon-Juniper, 
Juniper, Ponderosa 
Pine

Piñon-Juniper, 
Juniper, Ponderosa 
Pine, Singleleaf 
Piñon

Piñon-Juniper, 
Juniper, Ponderosa 
Pine

Piñon-Juniper, 
Juniper, Ponderosa 
Pine

Dominant Deciduous 
Forest Types

Mesquite, 
Evergreen and other 
Oaks

Evergreen Oak, 
Mesquite, Mountain 
Mahogany

Mesquite, 
Evergreen Oak

Mesquite, 
Evergreen Oak

UPPER BASIN

Dominant  
Forest Type

San Juan  
River Basin

Upper Colorado
River Basin Green River Basin Lake Powell Basin

Dominant Coniferous 
Forest Types 

Ponderosa Pine, 
Douglas Fir, Piñon-
Juniper, Spruce, 
Other Pines

Pondersoa Pine, 
Piñon-Juniper, 
Spruce, Lodgepole 
Pine, Other Firs

Piñon-Juniper, 
Spruce/Fir, 
Lodgepole Pine, 
Ponderosa Pine, 
Other Pine and Firs

Piñon-Juniper, 
Spruce/Fir, Other 
Pines

Dominant Deciduous 
Forest Types

Evergreen Oak, 
Aspen, Woodland 
Oaks, 

Aspen, Cottonwood Aspen, Other 
Woodlands

Aspen, Mountain 
Mahogany, Gambel 
Oak

TABLE 9 ACREAGE BY LAND COVER INSIDE OR OUTSIDE 200 FOOT RIVER OR LAKE BUFFER*

LAND COVER  TOTAL ACRES WITHIN BUFFER OUTSIDE BUFFER

Barren/Desert 5,341,391 237,663 5,103,727

Lakes and Reservoirs 496,251 496,251 0

River and Streams 142,242 142,242 0

Riparian 1,399,331 1,399,331 0

Deciduous Forest 5,408,448 442,612 4,965,836

Evergreen Forest 30,825,660 2,490,565 28,335,094

Mixed Forest 404,289 21,104 383,184

Shrub/Scrub 100,151,833 9,454,555 90,697,278

Grassland 9,756,256 682,033 9,074,223

Pasture/Hay 1,817,690 303,815 1,513,875

Cultivated Crops 1,674,351 96,166 1,578,185

Woody Wetlands 352,790 156,423 196,368

Emergent Herbaceous Wetlands 172,711 43,466 129,246

Urban Green Space 32,701 32,701 0

Total 157,975,942 15,998,926 141,977,016
 *Buffers were calculated using ArcGIS software. A 200ft buffer was drawn on both sides of all major rivers and lakes 
within the Basin.
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land cover

flood protection

carbon 
sequestration

timber yield

habitat

lakes is given in Table 9. All ecosystem values in 
the remainder of this report indicate proximity to 
a water system. For each ecosystem service there 
may be one or more methodologies for providing 
a value to those services.

IDENTIFYING ECOSYSTEM SERVICE 
VALUE ACROSS THE LANDSCAPE

The distribution of ecosystem services within the 
Colorado River Basin is similar. Each land cover 
class, from wetland to mature forest to desert 
shrub, provides a set of economically valuable 
goods and services. For example, a wetland may 
provide ecosystem services such as flood risk 

FIGURE 11 MAP OF COLORADO RIVER BASIN BY SUB-BASIN

reduction, biodiversity, climate regulation, and soil 
formation. Figure 12 illustrates how ecosystem 
services are “stacked” upon a landscape example. 
In this figure, the first layer, “land cover,” depicts 
the land cover classes providing ecosystem 
services. Some land cover classes produce both 
flood risk reduction and carbon sequestration, 
while others produce only flood risk reduction. 

Ecosystem Service Beneficiaries
Society has historically regarded the environment 
as a provider of goods and services that produce 
benefits of value that ultimately affect human well-
being.44 However, unless both environmental and 
economic (i.e., labor, and capital goods) inputs are 

FIGURE 12 EXAMPLE OF DIFFERENT 
SUITES OF ECOSYSTEM 
SERVICES PROVIDED BY 
VARIOUS  LAND COVERS

Source: Erik Nelson (Stanford University, Palo 
Alto, CA) and Heather Tallis)
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specified in the general methodologies used to 
estimate ecosystem service value (i.e., production 
functions), it becomes difficult to separate the 
environmental goods and services from human 
investment to realize the total economic value of 
those goods and services.

Hydrologic services move through stream 
networks, carbon sequestration provides emissions 
offsets or climate stability that can be enjoyed 
anywhere in the world, and viewshed values 
are transmitted through lines of sight.45 When 
mapping ecosystem services, it is essential to 
consider the beneficiaries of ecosystem services in 
order to differentiate between different contexts, 
such as urban and rural. For example, a forest 
type in dense urban centers is often both unusual 
and extremely valuable, assuming use and benefit 
by city dwellers. This case suggests a much 
more valuable forest to people than the same 
type of forest in a rural setting, where it is more 
common and there are fewer people to benefit 
from it. Figure 13 demonstrates how benefits of 
three ecosystem services spread throughout the 
landscape.

Non-Market Ecosystem Service Valuation
While certain goods are explicitly priced in 
markets, the services underpinning the production 
of such goods, and those that are not directly 
related to goods, are usually absent from market 
prices. For example, food, fiber, and fuel have 
been valued in markets for centuries, while 
pollination and soil retention are not traded in 
markets, though they have economic value. As 
a result, many ecosystem services that are not 
included in the price of goods have no way to be 
represented in the market signals that influence 
decision-making. 

FIGURE 13 BENEFICIARY MAP OF HYDROLOGIC, CARBON SEQUESTRATION, AND AESTHETIC SERVICES 

In absence of these market signals, actions that 
may damage or destroy basic natural production 
systems may occur without consideration of the 
impacts, since these values are “external” to 
market transactions. Actions may be taken that 
deteriorate or destroy the underlying ecosystems 
that support these valuable services. On the 
other hand, determining the value of ecosystem 
goods and services is straightforward when they 
are recognized on the market. Depending on the 
information available, measuring the value of a 
specific non-market good or service can be easy, 
difficult, barely possible, or impossible. 

Economists have developed a number of methods 
for establishing dollar values to measure and 
assess market and non-market goods and services 
provided by ecosystems. These can be grouped 
into three broad categories: 1) direct market 
valuation approaches such as market-based, cost-
based, and production function-based valuations; 
2) revealed preference approaches such as 
travel cost and hedonic pricing methods; and 3) 
stated preference approaches such as contingent 
valuation, choice modeling, and group valuation 
methods.46

Direct market valuation methods derive estimates 
of ecosystem goods and services from related 
market data. Revealed preference methods 
estimate economic values for ecosystem goods 
and services that directly affect the market prices 
of some related good, and stated preference 
methods obtain economic values by asking people 
to make trade-offs among sets of ecosystem 
services or characteristics.47
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It should be noted that these valuation methods 
differ in the value they estimate. Some methods 
measure the benefits consumers derive from the 
exchange of goods and services (i.e. consumer 
surplus), other methods measure the benefits 
producers derive from the exchange of goods 
and services (i.e., producer surplus), while others 
value components of total revenue. This source 
of heterogeneity in approaches raises the issue of 
non-comparability between estimated values.48 
Recognizing the need to be cautious in comparing 
differing concepts of economic value, this study 
provides a range of values for most ecosystem 
services being measured (see Appendix A for a 
more detailed discussion of the strengths and 
weaknesses of non-market valuation). Table 10 
provides descriptions of accepted techniques. 

TABLE 10 ECOSYSTEM SERVICE VALUATION METHODOLOGIES

VALUATION METHOD  DESCRIPTION VALUE

Measures

Market prices Assigns value equal to the total market revenue of goods/
services

Total revenue

Replacement cost Services can be replaced with man-made systems; for 
example water quality treatment provided by wetlands can 
be replaced with costly built treatment systems.

Value larger than the 
current cost of supply

Avoided cost Services allow society to avoid costs that would have been 
incurred in the absence of those services; for example storm 
protection provided by barrier islands avoids property 
damages along the coast.

Value larger than the 
current cost of supply

Production approaches Services provide for the enhancement of incomes; for 
example water quality improvements increase commercial 
fisheries catch and therefore fishing incomes.

Consumer surplus, 
producer surplus

Revealed Preference Approaches

Travel cost Service demands may require travel, which have costs that 
can reflect the implied value of the service; recreation areas 
can be valued at least by what visitors are willing to pay to 
travel to it, including the imputed value of their time.

Consumer surplus

Hedonic pricing Service demand may be reflected in the prices people will 
pay for associated goods, for example housing prices along 
the coastline tend to exceed the prices of inland homes.

Consumer surplus

Stated Preference Approaches

Contingent valuation Service demand may be elicited by posing hypothetical 
scenarios that involve some valuation of alternatives; for 
instance, people generally state that they are willing to pay 
for increased preservation of beaches and shoreline.

Consumer surplus

Ideally, a valuation of the ecosystem services 
of the Colorado Basin would involve detailed 
ecological and economic studies of each land 
cover/ecosystem service combination, utilizing one 
or more of the above primary valuation techniques 
to estimate a per-acre value. Unfortunately, this 
would require over 120 separate primary studies. 
As this is impractical, a benefit transfer approach 
was used for valuing a range of services in this 
study. 

Benefit transfer as a valuation method involves 
the application of valuation data from a study 
site where previous valuation analysis has 
been conducted to a project site, based on a 
determination that similar value generation is 
present. Benefit transfer can be used to evaluate 
non-market ecosystem services by transferring 
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existing benefit estimates from primary studies 
already completed for another study area. When 
using this method, care must be taken to ensure 
values being transferred exhibit similarities 
within the specific ecosystem good or service 
characteristics. 

Both primary valuation and transferred studies 
were used in this report. This combination was 
necessary due to the lack of primary valuation 
studies on ecosystem services in the study area. 
In addition, because ecosystem services are 
physically different and variably amenable to 
markets, a variety of different valuation techniques 
are required. Existing studies were required to 
meet a set of three criteria to be included in this 
valuation.

1. All primary valuation studies included a 
peer-review process.

2. For nearly all ecosystem services, primary 
study locations were restricted to North 
America. The full list of studies used can be 
found in Appendix E.

3. Primary studies met methodology 
recommendations, based upon Farber et 
al., 2006. See further discussion below. 

TABLE 11 VALUATION METHOD USED BY BENEFIT TYPE

ECOSYSTEM SERVICE
VALUATION METHOD USED  

IN THIS REPORT
RECOMMENDED 

VALUATION METHOD
TRANSFERABILITY 

ACROSS SITES

Aesthetic & Recreational Primary & Benefit transfer TC, CV, H, M, P Low–High

Flood Risk Reduction Benefit transfer AC, H, RC Medium

Carbon Sequestration & Storage Primary & Benefit transfer CV, AC, RC High

Air Quality Benefit transfer AC, H, RC Medium

Habitat Refugium & Nursery Benefit transfer CV, P, AC, TC, H Low-Medium

Energy & Raw Materials Benefit transfer M, P High

Soil Erosion Control Benefit transfer AC, RC, H Medium

Water Quality Benefit transfer RC, AC, CV Medium–High

Water Regulation Benefit transfer M, AC, RC, H, P, CV Medium

Water Supply and Storage Primary & Benefit transfer AC, RC, M, TC, CV Medium

Food Provisioning Benefit transfer M, P High
Note: AC = avoided cost; CV = contingent valuation; H = hedonic pricing; M = market pricing; P = production approach; RC = replacement cost; 

TC = travel cost. Green = Valuation method added by Earth Economics 

Adapted from: Farber, et al., 2006.

Some benefits are easily transferable; for example, 
the value of carbon sequestration provides a 
global benefit, thus the values are global, whereas 
many recreational benefits are very proximal. 
Table 11 provides the valuation approach used for 
each service in this study, the accepted valuation 

STUDY INCLUSION CRITERIA

methods, and degree of transferability. For 
example, waste processing was valued using the 
benefit transfer approach. When choosing primary 
studies, only those that followed the appropriate 
valuation methodology for each ecosystem 
discussed in Table 11 were included in this study. 
Appendix A discusses the limitations of benefit 
transfer method and other methodologies used in 
this report. 
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Valuation of Ecosystem Services in 
Colorado River Basin
The full suite of ecosystem services produced by 
a particular land cover class yields a flow of value 
(typically $/acre/year) for that land cover class. 
This report is focused on market and non-market 
services identified to provide a flow of services. 
In the case of wetlands, all known non-market 
ecosystem service values (i.e. water regulation, 
habitat, recreation, etc.) for which valuation studies 
have been completed are summed for a total 
per-acre ecosystem service value. This number 
can then be multiplied by the number of acres of 
wetland, for example, in the Basin for a value  
in $/year. 

This study utilizes existing valuation publications 
across ecological economics literature and other 
disciplines to derive $/acre/year ecosystem 
service values. By ‘transferring’ these values from 
a database of peer-reviewed academic studies 
and journal articles, the appraisal of ecosystem 
service values is accomplished. (For more on 
benefit transfer, see Appendix A). This approach 
yields an appraisal, rather than a precise measure, 
because often the location of the wetland or other 
land cover is critical to the valuation. For example, 
one wetland may be crucial for trout rearing, while 
another may be too far upstream. 

This study provides specific references for every 
value provided for every land cover type. See 
Appendix E for the list of primary studies applied 
in this valuation. Each of these primary studies 
used one of the seven valuation methods shown  
in Table 10. 

Due to limitations in the range of primary valuation 
studies, for example, the lack of studies conducted 
for snowpack or desert ecosystem services, not all 
ecosystem services that were identified on each 
land cover class in the previous section could be 
assigned a known value. For example, the land 
cover class “lakes and reservoirs” has only been 
valued for three ecosystem services—water supply, 
water quality, and recreation—though such areas 
also clearly provide food, genetic resources, water 
regulation, habitat, spiritual and cultural values, 
and a number of other important benefits. While 
primary studies for some services were provided 
under the scope of this report, resource limitations 
restricted the ability to carry out other primary 
valuations to fill valuation gaps.

Table 12 shows a matrix with the ecosystem 
services stacked vertically and land covers listed 
horizontally. The table provides colored boxes 
showing land cover/ecosystem  
service combinations. 

Some land cover types, such as coniferous forest, 
woody wetlands, and shrubs vary widely in size, 
type, and ecosystem service capacity throughout 
the Basin and should not be treated the same. 
Similarly, ecosystem health and size of habitat 
corridors also influence ecosystem service value. 
Due to limited resources for this project, these 
land cover elements were not considered in this 
study. However, this study incorporated sub-
basin variation across each land cover in order to 
capture the biophysical differences that influence 
ecosystem service value. In Part 4 below, sub-
basin differences in these land cover types are 
addressed when transferring economic vales. 

A large number of ecosystem services (for each 
land cover class) have yet to be valued in any 
primary valuation study. The Colorado Basin is one 
of the least studied areas for ecosystem services in 
the United States. This suggests that this valuation 
significantly understates the true value, because 
many ecosystem services identified as valuable do 
not have an associated valuation study, and thus 
register zero economic value. As further primary 
valuation studies are conducted and incorporated, 
the combined known value of ecosystem services 
in the Colorado River Basin will rise.
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TABLE 12 ECOSYSTEM SERVICES VALUED AND/OR IDENTIFIED BY LAND COVER IN THE 
COLORADO RIVER BASIN
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FOOD X X X X X X

ENERGY AND RAW MATERIALS X X X X

WATER SUPPLY X X X

AIR QUALITY X X X X X X

CARBON SEQUESTRATION AND STORAGE X X X X X X X X X

FLOOD RISK REDUCTION X X X X X X X

EROSION CONTROL X X X X

WATER QUALITY X X X X X

WATER REGULATION X X X X X X

HABITAT AND BIODIVERSITY X X X X X X X X X X

AESTHETIC INFORMATION X X X X X X

RECREATION AND TOURISM X X X X X X X X X X X X X
Several existing ecosystem services such as pollination, biological control, or cultural services, were not considered for this 
report and were not included in the table above.

KEY

Ecosystem service produced by land cover and valued in this report X

Ecosystem service produced by land cover but is not valued in this report 

Ecosystem service not produced by land cover
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VALUING THE  
COLORADO RIVER BASIN

Part 3

This valuation analysis is organized following 
the four primary classes of ecosystem services: 
provisioning, regulating, supporting, and 
information services. The following sections each 
describe the subcategories of ecosystem services 
and goods within each of these four areas. Tables 
26 and 27 then provide values across all land cover 
types for each category. Specific references for 
each dollar value utilized in this study are provided 
in Appendix D. 

PROVISIONING ECOSYSTEM SERVICES

Provisioning services include a large suite of 
basic goods including food, water, and materials. 
Forests grow trees that can be used for lumber 
and paper, wild and cultivated crops provide 
food, and other plants may be used for medicinal 
purposes. Rivers provide fresh water for drinking, 
and fish for food. The following provisioning 
ecosystem services were valued in this report.

Water Supply
To date, the Upper Basin States have not used the 
full apportionment of Colorado River water (7.5 
million acre-feet), allowing Lower Basin storage 
infrastructure to store up to 60 million acre-feet. 
As a result, all requested deliveries have been 
met in the Lower Basin, despite experiencing 
the worst 11-year drought in the last century.49 
However, Basin water authorities face challenges 
and complexities in ensuring a sustainable water 
supply to meet future demand in an over-allocated 
and highly variable system such as the Colorado 
River.

While the demand for water in the Basin is rising, 
supply has been static, on average. Within the 
last decade, water demand has met and in some 
years exceeded the supply of water provided 
by the Colorado River annually. Projections 
of supply under threat from climate change 
suggest that a gap between supply and demand 
threatens to widen.  Severe water shortages in 
California, Arizona, and Mexico are resulting in 
the extraction of groundwater for agricultural 
and municipal at a rate that far exceeds natural 
aquifer replenishment. This gap between supply 
and demand also threatens the 1944 US-Mexico 
Treaty commitments, which require the United 
States to deliver 1.5 million acres of treated water 
to Mexico. 

Primary Valuation
A primary valuation was conducted for this report 
to provide economic values for water supply that 
are specific to the Colorado River Basin.  For the 
purposes of this section, water supply is defined as 
the existing flow and stock of water, where flow is 
provided annually via water flow in the River, and 
the stock is currently stored in reservoirs along the 
Colorado River. The following sections provide 
data sources, methodology, and final calculations 
of water supply in the Basin.

Methodology. The water supply value was 
calculated using data estimates for annual water 
flow provided by the Colorado River, water 
storage along the river, water extraction per sector 
dependent on Colorado River water, and water 
extraction rates per state. Data was collected on 
average annual water flow and reservoir storage 
throughout the Colorado River. This data was 
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Across the Colorado River Basin, aquifers are 
natural resource stocks that hold tremendous 
value as water supply sources for current and 
future generations; shallow riparian aquifers also 
sustain natural ecosystems that provide additional 
benefits. However, in many locations, widespread 
drilling of wells preceded establishment of current 
active management policies, resulting in a vast 
number of wells that are exempt from permitting 
restrictions. Wells that are drilled with permits are 
often authorized for a standard rate of extraction, 
which in many cases is not calculated based on 
recharge rates. For both exempt and approved 
wells, existing policy controls throughout the 
Basin are not sufficient to ensure that groundwater 
extraction does not exceed recharge rates over 
time, commonly resulting in groundwater overdraw 
and aquifer depletion.

The issue of aquifer depletion is particularly 
significant in Lower Basin states such as Arizona, 
which relies on groundwater sources for more than 
40 percent of the state water supply. In the 1970s, 
conflicts occurred between agricultural users and 
mining industry water users over groundwater 
extraction rates. New policies were necessary 
to resolve three issues central to the conflict: 
who has the right to extract groundwater, how 
groundwater overdraft should be avoided, and 
whether management was the responsibility of 
local or state government.50 In 1980, Governor 
Bruce Babbitt established the Arizona Department 

of Water Resources and signed the Groundwater 
Management Act, which required that land 
developers verify access to a 100-year supply as 
part of the permitting process. This resolved the 
short-term conflict and established a medium-
term solution, but did not address the long-term 
issues related to the economics of water resource 
management. One generation later, continued 
depletion of groundwater stocks, particularly 
aquifers, represents a loss of long-term economic 
value with negative ecological and multi-
generational impacts.

These economically valuable groundwater assets 
cannot be replaced with other sources in any 
permanent or sustainable manner: surface flows 
from the Colorado River have decreased due to 
drought and climate change, and groundwater 
depletion is widespread throughout the Lower 
Basin. The risk of this long-term loss of value 
establishes an imperative for managing aquifers 
in a way that reduces the overall footprint of 
consumption beyond recharge, and for protection 
of aquifers as irreplaceable critical natural capital 
assets.51

Emerging approaches help coordinate surface and 
groundwater management, but further consistency 
and alignment of such approaches is needed 
throughout the Colorado River Basin.52 Coordinated 
work at local to inter-state scales is essential to 
management of critical natural capital assets.

AQUIFERS: CRITICAL NATURAL CAPITAL ASSETS AT RISK

then added with data on water extraction for 
agricultural, municipal, and industrial use for each 
state within the Basin. Finally, dollar values were 
derived with the use of average water rate charges 
for each industry by state. Several different water 
use and water charge rates were found in the 
data collection process, resulting in the use of a 
data range, where average low and high values 
reflected regional variability in water per industry 
and the average amount charged in each state. 

Data Sources. 
Water Flow: During the creation of the Colorado 
River Compact, which occurred during a wet 
period, flow data was collected by the Bureau of 
Reclamation and used to measure total flow of the 

Colorado River. These unusually high flows, due to 
measures occurring over the wet period, led the 
Bureau to assume that the mean annual average 
flow of the Colorado River was 16.4 million acre-
feet per year.53 However, additional flow data has 
been reconstructed based on tree-ring analyses, 
and clearly shows that the average annual flow 
is less. A Bureau of Reclamation study provided 
updated results that reduce the estimated average 
flow to 15.3 million acre-feet over 2002 to 2011, 
bringing to light historic miscalculations that 
have led to water shortages for the river.54 This 
recent calculation accounted for water losses 
due to reservoir evaporation and operational 
inefficiencies. This Bureau of Reclamation figure 
was used to estimate water supply flow.
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Water Storage: Reservoirs that currently store 
more than 1,000 acre-feet of water (as of May 
5th, 2014) were considered, making up 47 of 
the largest reservoirs within the Basin, including 
Flaming Gorge, Lake Powell, and Lake Mead. 
Groundwater reservoirs (aquifers) were not 
included in this analysis. Table 13 provides water 
storage in the Basin. 

Water Extraction: According to a study conducted 
in 2013, approximately 70 percent of the Basin’s 
water is allocated to agricultural lands (not 
including evaporation or exports).55 These irrigated 
lands extend across 6 million acres both inside 
and outside of the Basin. More than 90 percent 
of pasture and cropland in the Basin requires 
supplemental water to make land viable for 
agriculture. When including exported water, the 
above study finds that over 80 percent of Basin 
water is extracted for agricultural purposes. In 
Table 14 below, water extraction is broken out by 
state.

Municipal water data accounts for total water 
deliveries, including diversions from surface 
streams and extraction from groundwater, but 
do not account for return flows. The data above 
was used to determine the amount of Basin water 
allocated toward agricultural, industrial, and 
municipal users. 

Water Rates: Water rate data was collected from a 
variety of sources for each Basin state. Agricultural, 
industrial, and municipal water extraction rates are 
summarized in Table 15. Industrial and household 
water users often pay more than 100 times as 
much as agricultural users due to differing water 
quality needs, infrastructure, and conveyance 
standards of these different users.56 Reference to 
each water data source is provided in Appendix B.

Value of Water Supply. In this section, the 
value for annual water flow and storage is 
calculated separately, using the above data and 
methodology. The total value of water flow and 
storage is summarized in Tables 16 and 17. The 
values below are conservative estimates given 
that 15.3 million acre-feet of water are provided 
by the Colorado River every year. The value of this 
water for agricultural, municipal, and industrial 

TABLE 13 WATER STORAGE IN ACRE-FEET

BASIN

NUMBER OF 
RESERVOIRS 
CONSIDERED

AVERAGE 
STORAGE 

(ACRE-FEET)

Upper Colorado  
River Basin

44 17,475,719

Lower Colorado  
River Basin

3iii 14,508,582

Total 31,984,301

TABLE 14 IRRIGATION AND OTHER WITHDRAWALS 
FROM THE COLORADO RIVER BASIN BY 
STATE

STATE

IRRIGATION 
WITHDRAWAL 
(THOUSAND 

ACRE-FEET)*

MUNICIPAL AND 
INDUSTRIAL 
(THOUSAND 

ACRE-FEET)**

Arizona 5,387 1,700.0

California 3,135 1,291.2

Colorado 5,545 298.5

Nevada 72 526.0

New Mexico 422 40.7

Utah 1,236 32.6

Wyoming 1,011 11.3

Total 16,808 3,900.3

Grand Total 20,708
*Accounts only for Colorado River Water
**Accounts for Basin groundwater and surface water from the Colorado 
River. Figures also combine municipal and industrial water use and 
exclude mining and coal production water use.

iii Note: Unlike the Upper Colorado Basin reservoir system, the Lower Colorado Basin does not feature near as many reservoirs. There are 
some small agricultural diversion dams along the Lower Colorado River, but they do not store an appreciable amount of water. These dams 
essentially raise the river elevation enough to run pumps for agricultural water diversions). Lake Mead, Lake Mohave, and Lake Havasu are 
the only dams managed by the Bureau of Reclamation, the source of this data. 

TABLE 15 WATER RATE PER ACRE-FOOT BY 
STATE (2013 $)

STATE

AGRICULTURE
MUNICIPAL AND 

INDUSTRIAL

Low High Low High

Arizona $17.02 $25.67 $623.44 $2,357.95

California $39.84 $41.41 $799.36 $2,675.13

Colorado $5.28 $12.80 $956.78 $1,309.36

Nevada $6.47 $9.24 $671.09 $2,100.10

New Mexico $10.41 $19.99 $814.63 $4,823.46

Utah $5.27 $13.82 $504.76 $867.09

Wyoming $3.04 $6.48 $1,005.75 $1,005.75
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sectors is $16.6 billion to $42.0 billion, which 
is a flow of value provided to Basin water users 
annually. Water flow from the Colorado will also 
continuously feed into reservoir systems, adding 
to total water storage. In Part 4 of this report, this 
annual flow is combined with all other ecosystem 
service values to derive a total value of the Basin 
ecosystems. 

The value of water currently stored in Colorado 
River Reservoirs is presented in Table 17. This 
value was not considered in the annual ecosystem 
service values calculated in Part 4 below, but was 
considered under the asset value calculation in the 
same section.

TABLE 16 ANNUAL FLOW VALUE OF WATER SUPPLY FROM THE COLORADO RIVER

STATE

AGRICULTURAL SECTOR MUNICIPAL AND INDUSTRIAL SECTOR

Low High Low High

Arizona $211,359,892 $318,778,403 $1,796,551,450 $6,794,845,520 

California $494,746,069 $514,242,839 $2,303,495,712 $7,708,855,191 

Colorado $65,568,756 $158,954,560 $2,757,128,988 $3,773,149,953 

Nevada $80,346,563 $114,745,323 $1,933,863,263 $6,051,805,627 

New Mexico $129,274,763 $248,242,317 $2,347,498,889 $13,899,644,002 

Utah $65,444,573 $171,621,252 $1,454,554,263 $2,498,671,559 

Wyoming $3.04 $6.48 $1,005.75 $1,005.75

Total $1,084,492,324 $1,607,055,441 $15,491,337,177 $43,625,216,463 

Grand Total $16,575,829,501 $42,018,161,022 

TABLE 17 STORAGE VALUE OF WATER SUPPLY FROM THE COLORADO RIVER

STATE

AGRICULTURAL SECTOR MUNICIPAL AND INDUSTRIAL SECTOR

Low High Low High

Arizona $441,843,033 $666,398,981 $3,755,649,826 $14,204,469,567 

California $1,034,255,371 $1,075,012,925 $4,815,405,243 $16,115,185,934 

Colorado $137,069,989 $332,290,882 $5,763,715,258 $7,887,683,909 

Nevada $167,962,657 $239,872,481 $4,042,697,038 $12,651,161,618 

New Mexico $270,245,944 $518,944,901 $4,907,392,881 $29,056,888,728 

Utah $136,810,387 $358,770,312 $3,040,712,508 $5,223,415,898 

Wyoming $78,919,085 $168,222,259 $6,058,714,250 $6,058,714,250 

Total $2,267,106,465 $3,359,512,741 $32,384,287,005 $91,197,519,904 

Grand Total $34,651,393,470 $94,557,032,645 

Water currently stored in reservoirs along the 
Colorado River is worth approximately $34.7 
billion to $94.6 billion. This figure was measured 
as a one-time asset value and reflects the value 
of water stored in each reservoir since their 
construction. This calculation reflects the value of 
water available from storage, a value worth nearly 
double the amount provided by the river annually. 

Both the water flow and storage values are 
conservative estimates. Future water demand 
and supply were not considered in the estimate 
of water storage value under this project scope. 
Additionally, other demand-specific concepts, such 
as water scarcity scenarios, were not considered in 
this assessment, which would otherwise result in a 
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much higher total value. Water storage as an asset 
value, along with present value of other Basin 
ecosystem services, is discussed in Part 4 of  
this report.

Water supply and demand scenarios, in addition 
to groundwater and water well storage estimates, 
were not considered in this assessment, thus 
rendering the water supply value above a 
conservative estimate. Although evaporation 
was included in the estimation of water flow from 
the Colorado River each year, increased rainfall 
contribution from reservoir evaporation was not 
assessed in this valuation of water supply. 

Discussion. A substantial portion of renewable 
surface water supplies, such as water from the 
Colorado River, is extracted for Basin agricultural 
purposes within and outside the Basin. Water-
dependent crops, such as almonds, grapes, 
cotton, and apricots in California depend on 
Colorado River water. Elsewhere in the Basin, a 
billion gallons a day irrigate vast fields of cheaper 
agriculture goods, such as wheat, alfalfa, cotton, 
lettuce, cauliflower, and broccoli. Several years of 
drought have taken their toll, and farmers have 
resorted to drilling deeper wells and pumping 
more groundwater to prevent their crops from 
wilting. A recent survey by the US Geological 
Survey shows that in California’s Tulare Basin, 
groundwater levels have dropped by as much as 
50 feet (15 meters) from 2006 to 2009.57 Resulting 
use of the Colorado River has painted a target on 
farms as urban water managers search for the next 
bucket of water to meet future demands.

Additionally, larger farms gain the most benefit 
from Colorado River water in light of outdated and 
subsidized water rate structures and water rights. 
A recent study from American Rivers, a leading 
conservation non-profit, named the Colorado River 
the most endangered river in the nation largely 
due to outdated water management.58 This issue 
becomes evident when considering the quantity 
of water piped to California to produce crops that 
require large amounts of water, like strawberries or 
almonds. According to one study by the University 
of California, the average per-acre return of large 
strawberry farms is approximately $45,144iv per 

year.59 The study also found that farmers paid 
approximately $336 per acre-foot of water, a much 
higher estimate than the rate paid by California 
farmers from the collection of studies presented 
above. Riverside County in California produced 
327 acres of strawberries in 2010, a $15.2 million 
dollar return for the county alone, based on the 
figures above. Using the University study water 
rates, Riverside County farmers paid only $153,690 
for water.

In conclusion, some of the largest Basin farms 
benefit from the cheapest water rates. Few 
incentives exist to invest in water conserving 
infrastructure changes. Those who benefit the 
most from the dwindling Colorado River water 
supply also contribute very little to the upstream 
built and natural infrastructure that provides 
cleaner and more abundant water throughout 
the year. Recommendations made at the end of 
this report propose next steps needed to change 
incentive structures for all users of the Colorado 
River water. 

Energy and Raw Materials
Raw materials include biological materials used 
for medicines, fuel, art, and building, as well 
as materials such as wood or stone used for 
construction or other purposes. Crude oil, natural 
gas, and other fossil fuels, as well as mined 
minerals and quarried rock, are also natural capital 
assets, but are beyond the scope of this study. 

Hydropower facilities along the Colorado River 
provide more than 4,200 megawatts of generating 
capacity. That is enough to supply power to 2.6 
million households for a year.v A series of dams 
and reservoirs along the Lower Colorado River 
moderate flows at the cost of the health of natural 
systems that evolved with a natural flood regime. 
These dams and reservoirs reduced flooding, 
which has encouraged building in floodplain areas 
previously not occupied. The dams control river 
levels and retain large reservoirs of water (2.5 
years of flow) for use in times of drought.

iv Based on 38,760 pounds (4,080 trays) delivered to fresh market and 32% or 18,240 pounds (1,013 trays) delivered to the freezer. Per-
pound return of $10.00 per 10-pound tray for fresh market and $6.30 ($0.35 per pound) per 18-pound tray for freezer market. 

v Based on average American household use of 14,000 kWh per year.
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There are two general types of dams in the 
Basin: storage dams and diversion dams. Storage 
dams create large reservoirs that store water for 
flood control, recreation, hydroelectric power 
generation, and irrigation. Diversion dams 
primarily convey water for water supply and 
irrigation canals. 

Nearly every dam along the Colorado River is 
impaired by sedimentation. Reservoirs reduce 
the river’s gradient and flow velocity upstream of 
the dam, storing sediment that would be swept 
downstream by a natural river and dropping 
it within the reservoir. Sedimentation reduces 
water storage capacity, flood risk reduction, 
and hydropower production. All rivers contain 
sediments: a river can be considered a body of 
flowing sediments as much as one of flowing 
water. Lake Powell, the 186-mile-long reservoir 
on the Colorado River, holds enough sediment 
to fill approximately 1,400 cargo containers 
with silt each day.60 Sedimentation rates in the 
1940s were high, and likely tied to overgrazing 
which, by removing too much vegetative cover, 
enabled rapid erosion, also reducing cattle 
carrying capacity. If climate change accelerates 
with increased high rainfall events causing greater 
flooding and erosion, sediment accumulation rates 
may accelerate again. For smaller reservoirs, this is 
a significant problem. Due to their large size, and 
the fact that smaller reservoirs catch large volumes 
of sediment up-stream, indications are that the 
Glen Canyon and Hoover Dams will not be silted 
up for some few hundred years, but that day will 
arrive. When the Bureau of Reclamation was asked 
about how the sedimentation of these reservoirs 
would be handled, Reclamation commissioner 
Floyd Dominy replied, “We will let people in the 
future worry about it.”61

Food
Providing food is one of the most important 
ecosystem functions. Food includes biomass 
for human consumption, provided by a web 
of organisms and a functioning ecosystem. 
Agricultural lands are our primary source of food; 
farms are considered modified ecosystems, and 
food is considered an ecosystem good with 
labor and built capital inputs. Agricultural value 
is measured by the total market value of crops 
produced. However, market value is only a portion 
of the total value generated by agriculture; carbon 
sequestration, aesthetic value, and other services 
associated with crop production also add value.

Fishing for trout, striped bass, bass, catfish, 
crappie, and bluegill is excellent in the river and 
its canal systems. Several tribes, including the 
Southern Ute Indian Tribes, depend on wildlife for 
food and economic gains.62 Federal laws protect 
several tribal grounds from outside hunting or 
fishing activities. 

Valuation of Provisioning Services
The value of provisioning ecosystem services 
was estimated for eight land classes. The studies 
were drawn from avoided cost, contingent 
valuation, net factor income, and market price 
methodologies to value food, energy, and raw 
materials (see Table 18). The value for water supply 
was calculated above for the Basin as a whole and 
so is excluded from this table. However, those 
water supply values are included in the total values 
in Part 4. Market values of agricultural goods were 
also not considered in this report.

WHEN THE BUREAU OF RECLAMATION 
WAS ASKED ABOUT HOW THE 
SEDIMENTATION OF THESE 
RESERVOIRS WOULD BE HANDLED, 
RECLAMATION COMMISSIONER 
FLOYD DOMINY REPLIED,  
“WE WILL LET PEOPLE IN THE  
FUTURE WORRY ABOUT IT.”
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TABLE 18 VALUE AND METHODOLOGY OF PROVISIONING SERVICES ACROSS LAND COVERS

LAND COVER

TRANSFERRED 
VALUATION 

METHODOLOGIES

VALUES (2013$/ACRE/YEAR)

INSIDE 200FT BUFFER OUTSIDE 200FT BUFFER

LOW HIGH LOW HIGH

Food

Emergent Herbaceous 
Wetlands

Net Factor Income $192.58 $10,017.71 $192.58 $192.58 

Coniferous Forest Meta-Analysis $31.73 $31.73 $31.73 $31.73 

Grasslands Net Factor Income $36.27 $36.27 $36.27 $36.27 

Riparian Market Price $17.77 $793.95 N/A* N/A*

Energy and Raw Materials 

Cultivated Market Price $0.01 $144.01 $0.01 $144.01 

Deciduous Forest Market Price $19.52 $19.52 $19.52 $19.52 

Coniferous Forest Market Price $3.89 $3.89 $3.89 $3.89 

Desert Market Price N/A* N/A* $29.22 $29.22 
*Data that is not available or not applicable (i.e., riverine acreage outside of 200ft buffer) is indicated by “N/A.”

REGULATING ECOSYSTEM SERVICES

Regulating services are benefits obtained from 
the natural control of ecosystem processes. Intact 
ecosystems provide regulation of climate, water, 
and soil, and keep disease organisms in check. 
Degraded ecosystems may not provide effective 
regulation services, resulting in more volatile and 
unpredictable fluctuations in climate, water levels, 
and soil stability, as well as propagation of disease 
organisms that pose risks to human health. The 
following regulating ecosystem services were 
included in the valuation analysis of in this report.

Water Quality
Ecosystems in the Colorado River Basin, including 
forests, riparian buffers, and wetlands, are natural 
capital assets that provide valuable water filtration 
services, improving the quality of water for both 
human consumption and species reliant on 
natural habitat. Water filtration services provide 
environmental benefit and can maintain a level of 
water quality that is relatively clean, though some 
natural contaminants do still require mechanical 
filtration for purification of potable water. These 
functions are also supported by other natural 
capital asset functions, such as erosion control 
and nutrient cycling. Water quality is damaged 
primarily by human activities that generate water 

contaminants such as nitrogen, phosphorus, and 
other soluble pollutants, as well as natural release 
of minerals such as selenium. Naturally occurring 
selenium and uranium may contaminate water 
even in the absence of human disturbance, as 
occurs in some areas of the Colorado Plateau.63 
However, these elements can be released at 
much higher levels through activities such as 
agriculture and mining, causing more widespread 
problems.64,65 Additionally, irrigation waters 
passing through salt-laden sub-soils and draining 
back into the Colorado generate increased salinity. 

A number of federal policies address water quality, 
putting in place measures to control and measure 
different types of water quality issues, regulate 
water suppliers, and set minimum standards for 
drinking water quality. Water quality issues are a 
particular concern in the Colorado River Basin, 
where heavy water re-use and degraded riparian 
ecosystems can combine to result in water that 
is highly saline and with agricultural sediment, 
nutrients, and chemicals. The Colorado River 
waters have at times been so degraded that 
international incidents arose with Mexico: the 
water delivered to Mexico by treaty had such a 
high salt content as to be unusable for drinking 
or irrigation, leading to federal legislation in 1974 
specifically focusing on salinity control of Colorado 
River water. 
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Nationally, drinking water systems are estimated 
to have an average cost of $2 per 1,000 gallons 
of water treated. Only 15 percent of that cost is 
required for the treatment plant, with the remaining 
costs funding equipment, distribution systems, 
labor, general operations, and maintenance. Based 
on an average consumption of 100 gallons of water 
per day per capita, this equates to approximately 
$300 in water bills per household annually.67

Water treatment costs can vary depending 
on the water quality impact and treatment 
technologies, the initial and target concentrations 
of contaminants, and the scale of facility required. 
For example, an EPA study on water treatment for 
nitrogen and phosphorus removal shows a total 
lifecycle cost of $157–$324 per million gallons to 
remove nitrogen, $50-$283 per million gallons to 
remove phosphorus, and $411–$626 per million 
gallons to remove both.68

The Yuma Desalinization plant  was built in 1992 
for a cost of $245 million from federal funding, 
with a potential capacity of 72 million gallons per 
day, in order to remove high concentrations of 
salt and address water quality issues in the Lower 
Colorado Basin.69 However, the plant runs only 
when freshwater supplies from the Colorado River 
are not sufficient and has been in operation only 
twice. A 2012 study on a pilot run of the facility 
resulted in the conservation of 30,496 acre-feet of 
water for deliveries to Mexico as a means to reduce 
the necessity for releases from Lake Mead to meet 
international agreements.70 Desalinization has many 
costs, including energy consumption, the disposal 
of salt and other waste products, and intermittent 
operations. The full costs are not fully captured in 
the capital and operations costs. 

The high cost of water treatment plant construction, 
operations, and maintenance increases the 
urgency of exploring natural capital solutions as 
an alternative to intensive built capital investment. 
By applying a watershed-scale approach to water 
quality control, there is a greater opportunity to 
prevent contamination and pollution, and in some 
cases a reduced cost to treatment and filtration 
through reliance on ecosystem services. Protection 
and restoration of riparian buffers, forested 
floodplains, wetlands, and other ecosystems are 
essential elements to a cost-effective approach of 
water quality management through investment in 
natural capital. Bioswales, infiltration basins, and 
other green infrastructure technologies also present 
opportunities for improving both water supply and 
quality while reducing the need for costly treatment 
plant construction. Natural capital solutions will 
not provide complete solutions in all instances, 
but can be effectively developed in watershed-
scale planning that is coordinated with built 
capital-investment planning for treatment plant 
infrastructure.

Fire is another challenge and opportunity for 
improving water quality management. The 
Colorado River Basin is dry and has a natural fire 
regime that was changed as a result of human 
influence. This has increased fuel loads as well as 
the risk and severity of wildfires throughout the 
Basin over time. Catastrophic fires can severely 
damage water quality and supply, through the 
release of sediment into waterways and reservoirs. 
More frequent, less damaging fires that maintain 
low fuel loads and leave larger trees intact can 
benefit water supply and quality over the long run 
by preventing sedimentation from larger wildfires. 

COST OF WATER QUALITY IMPROVEMENT

vi General information and historical assessments of the Yuma Desalinization Plant are available from the US Department of Interior Bureau of 
Reclamation at the following link: http://www.usbr.gov/lc/yuma/facilities/ydp/yao_ydp.html
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The Upper Colorado Basin region, particularly 
near the Colorado-Utah border, has thousands of 
waterways designated under the Clean Water Act 
as threatened or impaired due to natural deposits 
resulting in selenium contamination from non-
point source contamination, and in some cases 
disturbance from mining operations. Selenium 
contamination is at the highest concentrations in 
areas of the Basin draining into the main stem of 
the Colorado River from the Gunnison River to 
the Utah-Colorado border. This has resulted in 
increased fish and bird mortality, deformities and 
reproductive problems. Some affected species are 
protected under the Endangered Species Act.

Impaired waterway designations in Lower Basin 
regions include issues from pesticides, metals, 
pathogens, mercury, organic enrichment/oxygen 
depletion, pH/acidity/caustic conditions, turbidity, 
ammonia, nutrients, toxic organics, sediment, and 
chlorine.66

Flood Risk Reduction
Ecosystems provide an important buffer against 
disturbances to the local economy, in particular 
by reducing the risk of events such as flooding 
and landslides. Headwater forests, wetlands, 
and aquifers provide critical water regulation 
by intercepting heavy rains, and absorbing and 
storing water, which reduces flood peaks and 
duration. When natural capital, such as forest cover 
or riparian ecosystems, are degraded or converted 
to impervious surfaces, the land’s capacity to 
absorb water is reduced and the velocity of surface 
runoff increases along with erosion and sediment 
loading. Development within the Basin, particularly 
in Nevada, Arizona, and southern California, has 
steadily increased since the expansion of water 
and other infrastructure projects. The population 
of Las Vegas grew by 25 percent between 1999 
and 2010. Arizona experienced a population 
increase from 3.6 million in 1990 to 6.6 million 
in 2013.71 The massive expansion has resulted in 
thousands of acres of land use change including 
conversion to housing development, agriculture, 
and green space. 

Structures have been built in the floodplains and 
impermeable surface has expanded, reducing 
natural flood control and groundwater infiltration. 
As a result, flooding has become a larger problem. 
Rain in major cities is no longer captured by 
vegetation as it moves across the landscape, 

where it can then recharge groundwater. It is 
instead channeled, piped, and handled at great 
cost, picking up dirt, debris, road oil, and other 
material along the way. This runoff is then piped 
into streams and rivers more quickly, contributing 
to higher peak flows, more frequent flood 
events, and erosion. Major Basin cities have thus 
spent more to control stormwater runoff. Cities 
such as Phoenix mostly focus their stormwater 
management efforts on costly built infrastructure,72 
with attempts to place a greater emphasis on 
green infrastructure hampered by outdated 
regulations and a lack of city-wide planning.73

Flood damage has increased in the last two 
decades and has been blamed on the rising 
number of large storm events. After days of 
heavy rain in August of 2008, the Redlands Dam 
located on Havasu Creek in northwestern Arizona 
burst causing flooding in side canyons which are 
home to roughly 400 members of the Havasupai 
tribe. Roughly 300 tribe members and tourists 
were evacuated by helicopter over the course 
of ten hours.74 Additionally, intense monsoon-
like conditions combined with development of 
floodplains resulted in dangerous flash-flood 
conditions for numerous cities across southern 
Utah counties in July of 2013. Floods lasted for 
several days. In some areas, debris flows damaged 
popular hiking trails and campgrounds, making 
navigation of these trails and canyons impossible.75 
Another notable event was extremely high rainfall 
over an extended period of time in September of 
2013, which caused tributaries of the Colorado 
River to overflow and flood nearby towns in 
northwestern New Mexico. The National Weather 
Service issued a flash flood watch for much of 
the area, where heavy rainfall earlier in the week 
had already severely saturated soils and broke 
smaller earthen dams, inundating neighborhoods, 
and leaving behind a muddy mess of debris. The 
flooding caused millions of dollars in damages.76

Soil Erosion Control
Natural erosion, particularly from flood events, 
can add positive value by providing sand and 
gravel to streams, creating habitat for fish and 
other species. Many of these processes have 
been drastically altered by dam construction over 
time.84 Landslides and erosion on a large scale 
can damage the landscape, including agricultural 
lands, for decades.85 Soil erosion control is 
provided by plant roots, tree cover, and soil crusts. 



EARTH ECONOMICS 38

Wildfires are another frequent disturbance in the 
Colorado River Basin. For example, in 2011, over 
900,000 acres in Arizona burned, including the 
535,000 acre Wallow Fire, which destroyed dozens 
of structures and injured 16 people.77

Fire can be beneficial in the maintenance of 
forested lands, leading to healthier, more diverse 
forests. Fire can also be ecologically destructive, 
greatly increasing erosion and runoff. What effects 
a particular fire may have depend on fire frequency, 
intensity, weather conditions, and the nature of 
vegetation communities subject to it. Slower 
burning understory fires that occur with some 
regularity can eliminate fuel build-up, liberate fire-
activated seeds and do not burn deeply into the 
soil. High intensity burns, sometimes called “crown 
fires,” consume vegetation from tree crowns to 
roots, burning deep into the ground and damaging 
soils. Grazing, logging, and fire suppression 
practices have led to massive fuel buildup in many 
areas of the Basin78 as well as denser forests that 
increase the probability of these more damaging 
crown fires.79 Climate change has contributed to 
prolonged droughts that exacerbate the  
problem further.80

The link between the health of natural ecosystems 
and the severity of wildfire can be seen clearly when 
examining the success of efforts to restore forest 
ecosystems to their natural state. In the Rodeo-
Chedinski fire of 2002, the second largest fire in 

WILDFIRES: FULL COSTS AND RISK REDUCTION

regional history, the areas of the landscape that had 
undergone thinning and/or prescribed, managed 
burns to reduce fuel loads behaved like forests 
of the region historically would—burning at the 
surface level, and not the crown level.79 This also 
protected downwind patches of untreated forest.80 

The difference in fire impact from such restoration 
efforts has not typically been quantified 
economically, and we do not value fire risk 
reduction from Basin ecosystems in the scope of 
this report. However, a recent report in nearby 
California examined the 2013 Rim Fire, the third 
largest fire in California’s history, and calculated 
the environmental damages, which is a first step 
towards placing a value on fire risk reduction in 
the future. That study estimated the economic 
value of environmental benefits lost in the Rim 
Fire at between $100 million to $736 million. This 
examination also showed the stark differences 
between Stanislaus National Forest, a catastrophic 
burn area due to high fuel loads, and the Hetch 
Hetchy watershed in Yosemite National Park where 
fires had reduced fuel loads and the Rim Fire 
became a low-intensity, healthy fire.81 While the Rim 
Fire was outside the Basin, these results hold import 
for the whole American Southwest and beyond. 
Furthering this research to gain better information 
about the full costs of fires and the fire mitigation 
benefits of healthy ecosystems will lead to more 
sound decisions about forest management. 

Erosion control is closely linked with disturbance 
prevention, including flood risk reduction, storm 
buffering, and landslide prevention. Sedimentation 
can be costly. From damage in the headwaters 
from a large number of landslides, to dredging 
in irrigation districts, sedimentation can harm 
riverine habitat, agriculture, energy production, 
water supplies, and commerce. On the other 
hand, all agriculture is a product of sedimentation 
and soil building processes. At the mouth of the 
Colorado River, sedimentation supported a delta 
building process, fisheries, and other benefits. 
Sedimentation in the right places is beneficial, 
while in the wrong places, it can do great damage. 

Forested and vegetated areas naturally provide 
stability and erosion control, while impermeable 
built surfaces or deforested areas cannot retain soil 
well. Human activities may not only affect an area’s 
ability to retain soil, but can also increase the flow 
of water that may mobilize soil particles. Wildfires 
can also dramatically compromise the ability of 
ecosystems to regulate soil erosion, potentially 
leading to sediment loads many times higher than 
usual in years after a fire. 
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Windborne erosion also has serious impacts in 
the Colorado River Basin. Dust, when blown from 
desert areas onto snowpack, darkens the snow 
surface and promotes more rapid melting, which 
also results in water losses through evaporation 
of up to a billion cubic meters of water per year.86  
Additionally, dust in the Basin causes a variety of 
human health impacts, from asthma to Valley Fever, 
which was the second most reported disease in 
Arizona in 2012, with about 150,000 reported cases 
per year.87 While many recover, Valley Fever claimed 
170 lives between 2007-2012.88,89

Dust was not always so prevalent in the Colorado 
River Basin. Recent studies show that present dust 
accumulation is five times greater than it was before 
major human settlement occurred in the region.90 

FROM CRUST TO DUST: WINDBORNE EROSION AND SOIL CRUSTS 

Activities such as grazing, mining, and recreation 
in off-road vehicles can all contribute to greater 
volumes of dust.91 This is partly because such 
activities often damage biological soil crusts, which 
are composed of moss, lichen, bacteria and algae. 
These crusts, when intact, slow water runoff, and 
help capture and percolate water into deeper soils 
and groundwater.92 Additionally, they  
suppress dust.93 

These crusts therefore hold significant economic 
value, which has never been directly quantified. 
Future research on the value provided by biological 
soil crusts could lead to long term decisions about 
land use in the Basin that would clear the air, 
improve water supply, and save lives. 

Climate Stability  
(Carbon Sequestration and Storage)
Carbon sequestration is the removal of carbon 
dioxide (CO2) from the atmosphere, thus 
regulating the atmospheric concentrations of this 
significant greenhouse gas. This also contributes 
to the complex and critically valuable service of 
climate stability. Forests, wetlands, grasslands, 
and shrub ecosystems all play a role in carbon 
sequestration; in the Colorado River Basin, carbon 
sequestration occurs primarily in wetlands, forests, 
grasslands and urban green spaces. Croplands are 
also integral to carbon cycles, though the rate of 
sequestration of carbon depends on the end uses 
of crops and soil management practices.

Storage of greenhouse gases contributes to 
the build-up of carbon “stocks.” Carbon stocks 
refer to carbon that is being retained rather 
than released into the atmosphere. Living plants 
sequester and store carbon. Non-living biomass, 
organic matter, sediments, and rocks also store 
large stocks of carbon. Decaying organic matter 
releases carbon dioxide back into the atmosphere. 
Thus, there are flows of carbon to and from the 
atmosphere through geological and biological 
stocks of carbon. Both the flow of carbon in 
sequestration and the stocks of carbon in trees 
and soils are assessed in this report. 

This study determined sequestration rates for 
land cover classes within the Basin for calculating 
sequestration values. Different land cover classes, 
such as grasslands, different forest types, and 
wetlands, have different carbon sequestration 
rates and different carbon stocks. The carbon price 
of $45.32 to $48.30 per metric ton of CO2 was 
derived from the two sources: the White House 
report on the social cost of carbon estimated the 
emissions cost of one metric ton of carbon at 
$45.32, and the International Panel on Climate 
Change Fourth Assessment Report at $48.30. Both 
dollar figures are the lower, more conservative 
estimates from these reports; values were 
converted to 2013 US dollars. Multiple sources 
were used to estimate carbon sequestration rates 
and carbon stock values for each land cover type 
in the Basin. Differences in carbon sequestration 
and storage values were represent by a value 
range (See Table 19). To accommodate the 
difference in carbon storage across forest types 
in each sub-basin, carbon stock and storage data 
specific to forest sub-species was collected and 
used in the final valuations in Part 4 of this report. 
The studies in this review are listed in Appendix 
B. Carbon sequestration rates were converted to 
metric tons of CO2 per acre per year (mTC/acre/
year), multiplied by the social cost per metric ton 
of carbon, and compared with relevant ecosystem 
service valuation studies. The rate of carbon 
sequestered per acre and storage of carbon per 
acre are shown in Table 19.
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TABLE 19 CARBON SEQUESTERED AND STORED PER LAND COVER TYPE

LAND COVER TYPE

CARBON SEQUESTRATION RATE
(MTC/ACRE/YEAR)

CARBON STORED 90 TO 100 YEARS
(MTC/ACRE)

Low High Low High

Cropland 0.01 1.88 4.50 26.10

Pasture 0.01 0.45   

Rangeland 0.28 1.65   

Coniferous forest 0.15 0.82 42.41 127.15

Deciduous forest 0.39 0.82 19.97 94.62

Mixed forest 0.15 0.82 19.97 127.15

Grassland 0.11 0.21 4.72 29.14

Shrub 0.08 0.19 4.27 4.27

Emergent Herbaceous Wetland 0.06 0.29 6.21 48.87

Inland wetland 0.07 0.77   

Though not included in this report, desert 
biological soil crusts play an important role in 
desert carbon balances. These crusts oxidize 
methane from the atmosphere, a gas 20 times 
more powerful than CO2 as a greenhouse gas.  

SOIL CRUSTS: DESERT CARBON

Water Regulation
Ecosystems absorb water during rains, also 
regulating water temperature and flow. Forest 
cover, riparian vegetation and wetlands all 
contribute to modulating the flow of water from 
upper portions of the watershed to streams 
and rivers in the lower watershed. These 
processes regulate the flow, timing, amount, 
and temperature of water, which are considered 
separately from water supply in this report. Built 
capital, such as dams, levees, and weirs also 
modulate flows. 

The conversion of natural landscapes to less 
pervious surfaces—clear cutting, loss of forest 
duff, and overgrazing—can dramatically increase 
flooding exacerbated by stormwater runoff, which 
contributes to higher peak flows and turbidity, 
flash floods, soil loss, streambank erosion, and 
landslides.95 This may also reduce the recharge 
volume to aquifers, as runoff with accelerated 

velocity due to impervious surfaces does not 
infiltrate into soil as effectively as in areas covered 
with forest or other natural ecosystems. The 
cumulative effects of urban development, land 
use, and management decisions can create 
lasting damage to both built and natural capital 
by reducing the effectiveness of water regulation 
services.

A wide variety of stream-flow augmentation 
techniques have been adopted in the Colorado 
River Basin. In order to balance the demand for 
commercial water supply with other services such 
as water regulation and habitat, management 
must be carefully evaluated for the impact on 
water flows elsewhere in the watershed. Much of 
the science behind stream-aquifer relationships 
and other hydrologic relationships within the 
watershed is still not fully understood. A greater 
understanding of stream-aquifer dynamics will 
improve our ability to protect other ecosystem 
services while relying on valuable groundwater.

One study estimated methane consumption by 
microorganisms in desert soils for the San Pedro 
River and Santa Rita Experimental Range in 
Arizona.94 The study found methane consumption 
to be greatest in open patches, intermediate in 
mesquite, and lowest in sacaton grasslands. 
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thousands of tons of pollutants in more rural 
areas each year, including hundreds of pounds 
of mercury, with different but also troubling 
impacts.104  For example, haze from the Navajo 
Generating Station clouds visibility at eleven 
different national parks and wilderness areas for 
more than four months out of the year at the most 
affected sites, which include the Grand Canyon. 
Far worse, the emissions bring increased health 
risks for local residents, many of whom are low 
income members of the Hopi and Navajo tribes.105 
In some cases, partial decommissioning is being 
looked at as a way of addressing EPA concerns,106 
but in other areas, pollution and pushback 
continue.107 All in all, millions of dollars have been 
spent in the United States to comply with Clean 
Air Act requirements; and still more has been 
spent on the health costs associated with  
air pollution.

Cities can reap significant economic benefit by 
following a low impact development strategy 
of investing in green infrastructure: building, 
maintaining, or restoring natural assets within 
urban areas. This investment may be as simple 
as including strips of grass between traffic lanes, 
or as extensive as urban stream restoration. 
Green infrastructure brings economic and 
environmental benefits by reducing stormwater 
runoff and flooding, recharging groundwater, 
improving air quality, and other spillover benefits 
for city residents.  Unlike traditional gray water 
infrastructure, such as storm pipes and lined 
ditches, green infrastructure has regenerative 
capacity and its value can even appreciate over 
time.96

While large cities in the Midwest and Northwest 
are often motivated to explore green infrastructure 
approaches by EPA stormwater regulations or 
water impairment, cities in and around the Basin 
are starting to recognize a different set of potential 
long-term benefits, such as water conservation and 
flood-risk mitigation.97

These were some of the reasons that spurred 
Denver, Colorado and Tucson, Arizona to pursue 
investments in green infrastructure. Tucson was 
primarily motivated by water scarcity and the 
demand for commercial and residential irrigation, 
while Denver sought to mitigate water impairment 
and flood risk. Both cities have implemented 

URBAN WATER REGULATION: INVESTING IN GREEN INFRASTRUCTURE 

pilot projects with the support of multiple city 
stakeholders. Tucson incorporated curb cut-
outs, micro-basins, swales, and native planting 
along Scott Avenue as part of its Downtown 
Infrastructure Improvement Project.98 Denver’s 
South Lincoln Redevelopment Project has installed 
porous landscape detention, grass buffers and 
swales, porous pavement, rooftop detention, and 
green roofs.99 Both cities have made progress 
in designing green streets and restoring urban 
streams. Tucson has gone even further in promoting 
green infrastructure in private development with 
a city-wide ordinance requiring new commercial 
development to meet half of its irrigation 
requirements through rainwater harvesting.100

The city of Phoenix, Arizona is an example of 
a Basin city with unrealized potential for green 
infrastructure. With even less annual rainfall than 
Denver and Tucson, Phoenix would benefit from 
improved rainwater capture. And while nearby 
Scottsdale’s Indian Bend Wash Greenbelt provides 
an example of a green infrastructure solution 
to historic flooding problems,101 Phoenix has 
historically lacked the local support and policy 
framework that enables green infrastructure 
investment. In 2012, however, the EPA provided 
technical assistance to help Phoenix overcome 
barriers to green infrastructure.102 The city may be 
on its way to realizing the benefits from investing in 
its natural capital.

Air Quality
Ecosystems help cleanse the atmosphere by 
filtering pollutants that include tropospheric 
ozone, ammonia, sulfur dioxide, nitrogen 
oxide compounds, mercury, carbon monoxide, 
methane, and particulate matter. In its 2011 annual 
report, the American Lung Association wrote 
that in the year prior, Los Angeles had 310,610 
cases of underage asthma and 1,030,481 adult 
cases.103 This proliferation in respiratory disease 
is a consequence of air pollution from industrial 
production and vehicular exhaust. Other cities like 
Las Vegas or Phoenix face similar issues. 

In addition to the air pollution found in these 
larger cities, coal fired power plants, such as the 
Navajo Generating Station in Arizona or the San 
Juan Generating Station in New Mexico, emit 
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As air pollution has become a globally recognized 
hazard to human health, more studies have valued 
air pollution reduction by measuring the rate of 
toxins absorbed by trees. In 2006, one report 
measured the amount of atmospheric gases 
removed by forests in the United States. The 
study concluded that trees in US cities removed 
approximately 711,000 metric tons of carbon 
monoxide, nitrogen dioxide, sulfur dioxide, 
and other particulates that were less than 10 
micrometers in diameter.108 These particulates are 
the most damaging to human health. Tree cover 
in urban areas also provides shade to homes, 
which lowers energy costs, and in turn reduces 
carbon emissions from local power plants. The 
study concluded that each acre of forested land 
located near to cities provided over $230 per year 
in average value for pollution removal.

Valuation of Regulating Services
The value of regulating ecosystem services was 
estimated for eleven land classes. The primary 
valuation studies were transferred from avoided 
cost, replacement cost, market price, contingent 
valuation and hedonic pricing methodologies to 
value water quality, soil erosion control, water 
regulation, air quality, and flood risk reduction 
services. These values were applied as low and 
high values for each land cover with the valuation 
methodologies noted, through use of benefit 
transfer (see Table 20). Each individual dollar value 
is referenced in Appendix D. Carbon sequestration 
and storage is a primary calculation and is 
provided separately in Table 21.

TABLE 20 VALUE AND METHODOLOGY OF REGULATING SERVICES ACROSS LAND COVERS

LAND COVER

TRANSFERRED 
VALUATION 

METHODOLOGIES

VALUES (2013$/ACRE/YEAR)

INSIDE 200FT BUFFER OUTSIDE 200FT BUFFER

LOW HIGH LOW HIGH

Water Quality

Emergent Herbaceous Wetlands Avoided Cost $10.56 $15,661.43 $10.56 $15,661.43 

Woody Wetlands Avoided Cost $8.21 $5,693.90 $8.09 $5,496.05 

Coniferous Forests Avoided Cost, 
Replacement Cost

$33.67 $208.90 $33.67 $208.90 

Grasslands Avoided Cost $6,759.91 $21,934.08 N/A N/A

Deciduous Forest Avoided Cost $286.34 $287.53 N/A N/A

Lakes Avoided Cost $2.30 $1,529.16 N/A N/A

Flood Risk Reduction

Emergent Herbaceous Wetlands Avoided Cost $16.02 $8,286.26 $10.56 $15,661.43 

Woody Wetlands Avoided Cost, Market 
Price, Hedonic Pricing

$523.24 $7,869.53 $8.21 $5,693.90 

Coniferous Forests Avoided Cost $681.00 $681.00 $33.67 $208.90 

Grasslands Avoided Cost $61.47 $4,151.26 N/A N/A

Riparian Avoided Cost $46.30 $64.01 N/A N/A

Urban Green Space Avoided Cost N/A N/A $91.41 $129.11 

Soil Erosion Control

Cultivated Avoided Cost, 
Contingent Valuation, 
Market Price

$2.38 $131.75 $2.38 $131.75 

Coniferous Forest Avoided Cost $0.82 $0.82 $0.82 $0.82 

*Data that is not available or not applicable (i.e., riverine acreage outside of 200ft buffer) is indicated by “N/A.”
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LAND COVER

TRANSFERRED 
VALUATION 

METHODOLOGIES

VALUES (2013$/ACRE/YEAR)

INSIDE 200FT BUFFER OUTSIDE 200FT BUFFER

LOW HIGH LOW HIGH

Soil Erosion Control

Grasslands Avoided Cost, 
Contingent Valuation

$7.27 $3,393.34 $7.27 $7.27 

Pasture/Hay Avoided Cost $2.38 $6.22 $2.38 $6.22 

Water Regulation

Cultivated Replacement Cost, 
Avoided Cost

$24.78 $49.11 $24.78 $49.11 

Emergent Herbaceous Wetlands Avoided Cost $101.44 $2,632.77 $101.44 $2,632.77 

Coniferous Forest Avoided Cost $0.08 $0.08 $0.08 $0.08 

Grassland Avoided Cost $1.62 $1.62 $1.62 $1.62 

Woody Wetlands Avoided Cost $342.06 $1,070.30 $690.71 $2,667.57 

River Avoided Cost $737.68 $2,848.97 N/A N/A

Urban Green Space Avoided Cost N/A N/A $9.08 $438.30 

Air Quality

Cultivated Avoided Cost/Market 
Price

$0.01 $101.48 $0.01 $101.48 

Deciduous Forest Avoided Cost $61.43 $271.24 $61.43 $271.24 

Coniferous Forest Avoided Cost $165.98 $165.98 $165.98 $165.98 

Desert Avoided Cost $1.12 $1.12 $1.12 $1.12 

Urban Green Space Avoided Cost/Market 
Price

$31.95 $234.26 $31.95 $234.26 

TABLE 21 VALUE OF ANNUAL CARBON SEQUESTRATION AND CARBON STORAGE PER ACRE

LAND COVER TYPE

CARBON SEQUESTRATION
($/ACRE/YEAR)

CARBON STORAGE
($/ACRE)

Low High Low High

Cropland $0.55 $90.61 $203.89 $1,260.81

Pasture $0.57 $21.50

Rangeland $12.84 $79.57

Coniferous forest $6.58 $39.82 $1,922.07 $6,141.46

Deciduous forest $17.72 $39.82 $905.22 $4,570.33

Mixed forest $6.58 $39.82 $905.22 $6,141.46

Grassland $4.76 $10.27 $214.01 $1,407.23

Shrub $3.67 $9.19 $193.67 $206.41

Herb Wetland $2.93 $13.87

Inland wetland $3.09 $37.42 $281.29 $2,360.19

TABLE 20 
CONT.

VALUE AND METHODOLOGY OF REGULATING SERVICES ACROSS LAND COVERS
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Public Domain Image (National 
Park Service)

SUPPORTING ECOSYSTEM SERVICES

Supporting services relate to the refuge and 
reproductive habitat ecosystems provide to 
wild plants and animals. Intact ecosystems 
provide commercially harvested species, and the 
maintenance of biological and genetic diversity. 
The Colorado River Basin holds a great diversity of 
fish, wildlife, habitats, and ecosystems. The Lower 
Colorado River includes wetland areas in southern 
Nevada, western Arizona, and southeastern 
California, providing exceptional habitats for 
waterfowl and passerine bird species.109 This 
stretch of the river also is home to four US Fish and 
Wildlife Service refuges. The following supporting 
ecosystem services were valued in this report. 

Habitat and Nursery
The Basin is home to many endemic species of 
plants and animals and several of these species 
are listed as threatened or endangered by the US 
Fish and Wildlife Service. 

A diverse and unique native fish fauna exist within 
the Basin. However, of the 26 remaining native fish 
species in the Basin, 16 are listed as threatened 
or endangered. Four species of endangered fish, 
including the humpback chub, the bonytail, the 
Colorado pikeminnow, and the razorback sucker 
occur in the Upper Colorado River and some of its 
main tributaries. Several smaller fish species that 
occur in springs and smaller headwater streams, 
such as chubs, minnows, dace, and pupfish, are 
also federally listed. The decline of many of the 
native fishes is attributed primarily to modifications 
of flow regimes and water availability (such as 
dams and pumping of water out of the Colorado 
River for other uses) and the introduction of 
more than 70 non-native fishes (many for sport 
fishing).110 The majority of revenue generated from 

fishing results from the harvest of these non-native 
fish, which often have negative effects on native 
species. Modification of flow regimes via dams 
and dewatering has dramatically decreased the 
quality of habitats of fishes in river systems across 
the Basin. 

The Basin has large populations of harvestable 
species, including big game (elk, white-tailed 
and mule deer, and pronghorn antelope), small 
game (dove, grouse, and quail), upland game 
(rabbits, squirrels, and wild turkey), waterfowl, and 
furbearers (martens, beavers, and badgers). There 
are very limited numbers of hunting permits issued 
by states in the Basin for bighorn sheep and bears.

The introduction and establishment of non-native, 
invasive species is just one of many threats to 
both aquatic and terrestrial species and their 
habitats across the Basin. Non-native invasive 
species compete directly with native ones, but 
they may also lead to modification of fundamental 
ecological processes, such as natural flood 
or fire regimes. Other primary threats include 
urbanization (loss of habitat, need for water), 
overgrazing (loss of soil productivity, reduced 
vegetation condition, increased erosion), reduced 
water availability and ecological flows (competition 
with agriculture and urban areas, impoundments), 
and climate change.111 Many of the Sky Islands 
and their isolated floras and faunas are likely 
to be impacted by climate change as suitable 
habitats will be eliminated from these areas. Due 
to the Sky Islands’ isolated nature, some resident 
species may be unable to migrate in response to 
climate change when faced with physical migration 
barriers of surrounding inhospitable ecosystems 
and the rapid pace of change.112 This issue has 
received considerable recent attention in the 
conservation community and has prompted new 
research and potential management options for 
regional corridors.113

THE HUMPBACK CHUB IS AN 
ENDANGERED SPECIES WHICH LIVES 
IN THE COLORADO RIVER BASIN. 
LEFT: YOUNG HUMPBACK CHUB 
SWIMMING IN SHINUMO CREEK IN 
THE GRAND CANYON NATIONAL 
PARK. 
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Valuation of Supporting Services
The position, pattern (size and shape), and 
connectivity of habitat elements often determine 
the quality and number of ecosystem services 
provided at local to Basin scales. This leads to 
the conclusion that not all similar habitats provide 
the same level of ecosystem services.114 This 
insight also is important in that environmental 
managers have limited budgets and must prioritize 
environmental restoration for a very limited 
number of areas. Therefore, ecosystem service 
valuations must consider differential importance 
of habitat features at local, watershed, and Basin-
wide scales across the Basin.

The Department of Interior’s Landscape 
Conservation Cooperatives is a response by the 
Federal government, states, and universities and 

institutions to incorporate multi-scaled landscape 
concepts into natural resource management. The 
Western Governors Association’s wildlife corridor 
initiative also recognizes the importance of a 
system of natural land cover corridors to support 
migration of plants and animals across large areas. 
This broader landscape perspective is viewed as 
critical in offsetting some of the impacts of climate 
change. 

The value of supporting ecosystem services was 
estimated for seven land cover classes. The studies 
were drawn from used contingent valuation 
methods that are in some cases combined with 
avoided cost and market pricing methodologies to 
value habitat and nursery services (see Table 22). 
All studies measure non-use value of habitat, often 
based on a willingness to pay to preservation. 

TABLE 22 VALUE AND METHODOLOGY OF SUPPORTING SERVICES ACROSS LAND COVERS

LAND COVER

TRANSFERRED 
VALUATION 

METHODOLOGIES

VALUES (2013$/ACRE/YEAR)

INSIDE 200FT BUFFER OUTSIDE 200FT BUFFER

LOW HIGH LOW HIGH

Habitat and Nursery

Cultivated Factor Income 
and Contingent 
Valuation

$0.01 $298.17 $0.01 $298.17 

Emergent Herbaceous 
Wetlands

Contingent 
Valuation

$13.62 $9,356.54 $13.62 $5,946.53 

Woody Wetlands Contingent 
Valuation

$2.53 $14,490.32 $2.53 $14,490.32 

Coniferous Forests Avoided Cost 
and Contingent 
Valuation

$0.97 $3,844.50 $0.97 $3,844.50 

Grasslands Contingent 
Valuation

N/A N/A $35.29 $35.29 

Pasture Contingent 
Valuation

$1.94 $4.82 $1.94 $4.82 

Riparian Market Price 
and Contingent 
Valuation

$2.26 $4,416.03 $2.26 $4,416.03 

Shrub Contingent 
Valuation

$0.65 $335.22 $0.65 $335.22 

*Data that is not available or not applicable (i.e., riverine acreage outside of 200ft buffer) is indicated by “N/A.”
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INFORMATION ECOSYSTEM SERVICES

Information services are those that provide 
humans with meaningful interaction with nature. 
These services include spiritually significant 
species and natural areas, natural places for 
recreation and enjoyment, and scientific and 
educational opportunities to learn about the 
planet.

Various species contribute substantially to the 
Basin’s economic vitality and its high quality of life. 
It is estimated that hunting, fishing, and wildlife 
viewing contribute more than $10 billion to the 
economy of the Basin.115,116 Arizona contributes 
the largest amount of revenue from these three 
sources, primarily because 95 percent of the state 
is within the Basin. The state also has great habitat 
and ecosystem diversity, including large stands 
of forests, woodlands, and grasslands. Moreover, 
Arizona contains all four major North American 
desert biome types, and a large number of lakes, 
rivers, streams, riparian areas and wetlands. 
Terrestrial biodiversity increases greatly as one 
goes from north to south within the Basin.117 
Pine-oak woodlands and coniferous forests of 
southern Arizona and southwestern New Mexico 
(forests in the Sky Islands), which extend northward 
into the United States from the Sierra Madre 
Occidental of Mexico, contribute substantially 
to the diversity of the area’s bird, mammal, and 
reptile fauna.118 This region provides some of the 
most exceptional wildlife viewing of any area in 
the US. This likely contributes to New Mexico’s 
relatively high economic benefit derived from 
wildlife viewing (third among all of the states in 
the Basin). Colorado and Utah provide the second 
and third greatest economic contribution from 
fishing, hunting, and wildlife viewing. Colorado’s 
mountainous landscapes have numerous streams, 
rivers, lakes, and forests that provide exception 
hunting and fishing. Moreover, the Colorado River 
and its major tributaries and riparian areas provide 
exceptional habitat for many species of fish and 
wildlife. 

Recreation and Tourism
National parks and recreation areas of the 
Colorado River Basin include several of the 
most famous and iconic parks in the world, 
with millions of visitors annually: Grand Canyon 
National Park, Arches National Park, Glen Canyon 
National Recreation Area, and many others.119 

Most of these parks encompass some portion 
of the Colorado River or one of its tributaries, 
and derive a significant amount of their inherent 
beauty from the river itself. Depletion of the river’s 
water or degradation of associated ecosystems 
risks significantly diminishing the economic value 
of these areas. Tourism is a major industry in 
every Basin state, with significant land area and 
national parks that bring tens of billions of dollars 
of annual revenue and directly sustains hundreds 
of thousands of jobs.120,121,122 The preservation of 
natural beauty is an economic priority as much as 
anything else.

In this section, recreation and tourism services are 
assessed within each Colorado River sub-Basin. 

Upper Colorado Basin (UCB)
Rafting within the UCB is a popular activity on 
several of the tributaries and the main stem 
Colorado River.123 However, boating and fishing 
at the Blue Mesa, the state of Colorado’s largest 
reservoir, is by far the largest recreation activity 
in the UCB, with about 883,000 annual visits and 
recreation benefits of $113 million.124 Following 
is Ridgeway Reservoir providing approximately 
$9.5 million.125 Together these reservoirs account 
for more than 90 percent of the water-based 
recreation in the UCB. Commercial rafting values 
are substantial at $7.6 million, but represents 
about 6 percent of the overall water-based 
recreation in the UCB. Data on private rafting and 
river fishing was not available, so the $130 million 
in annual economic value understates the total 
economic value of water-based recreation in the 
UCB. 

Front Range of Colorado. Several reservoirs are 
at least partially filled by water from diversions 
of the Colorado River to the urban Front Range 
of Colorado. The largest reservoir is Pueblo 
Reservoir. An estimated 25 percent of the water 
for the reservoir comes from the multiple diversion 
projects on the west slope of the Colorado (the 
Upper Colorado River Basin). Pueblo Reservoir 
State Park has 687,000 visits annually, worth about 
$64 million in net willingness to pay. Rafting on 
the State of Colorado’s most popular rafting river 
(the Arkansas River) also receives an estimated 
25 percent of its flows from west slope water 
diversions. Thus 50,000 commercial rafting days 
would be attributable to Colorado River Basin 
water, yielding about $2.4 million annually. This is 
a minimum estimate as these figures reflect only 
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commercial rafting and do not include a sizeable 
amount of private rafting and kayaking. However, 
one study on the river showed a 35 percent 
drop in commercial rafting on the Arkansas River 
occurred in 2002 with a 75 percent drop in flows, 
roughly a .5 percent drop in visitation for every 1 
percent drop in flows.126 Though this drop in usage 
was not incorporated elsewhere, the Arkansas 
River calculation was discounted to reflect the loss 
of visits, amounting to a final $1,249,968. 

Denver also receives slightly more than half its 
water from the west slope, and a significant 
portion of this is stored in Chatfield Reservoir. 
The estimated proportion of recreation visits 
to Chatfield Reservoir State Park attributable 
to Colorado River water is about 25 percent of 
257,000 visits annually, worth about $19,878,750 
in net willingness to pay. In northern Colorado, 
the west slope water diversions represent about 
17 percent of the water that fills Horsetooth 
Reservoir County Park and Boyd Lake State Park. 
Together these parks see approximately 97,000 
people attributable to Colorado River water, 
worth about $9 million a year. The estimated total 
recreation value on the Front Range associated 
with Colorado River water is nearly $100 million 
annually in recreation benefits. 

Green River Basin (GRB)
The biggest water resource in the GRB is Flaming 
Gorge Reservoir in Flaming Gorge National 
Recreation Area. Its total recreation use value 
is $43 million annually.127 The primary activity is 
boating (74 percent), followed equally by fishing 
at Flaming Gorge and rafting on the Green and 
Yampa Rivers. Rafting on some of the rivers would 
be higher if not for the use limits placed on rafting 
by the Bureau of Land Management to protect 
the riverine resources and quality of the recreation 
experience.128

Lake Powell Basin (LPB)
The LPB recreation is dominated by Lake Powell 
itself, representing most of Glen Canyon National 
Recreation Area. This massive reservoir provides 
about 1.86 million visitor days,129 producing 
benefits of $241 million annually to visitors. 
However, there is a significant amount of rafting 
that takes place as well in the LPB. The largest 
amount of rafting use is on the Colorado River 
upstream and downstream of Moab, Utah, for 
a total of 70,500 days.130 In total, rafting use is 
valued at about $8 million a year. 

The Middle Colorado Basin (MCB) 
This Basin begins just below Lake Powell. The 
region encompasses the southernmost part of 
Glen Canyon National Recreation Area (GCNRA) 
which provides both fishing and rafting. This 
Basin also include rafting in Grand Canyon 
National Park, one of the premiere rafting 
areas in the country, and represents very highly 
valued recreation experience to users. However, 
recreational use is also capped in the Grand 
Canyon, and use has been at this cap for decades. 
Nonetheless rafting through the Grand Canyon 
provides about $19 million in benefits. Day use 
rafting in GCNRA provides about $2 million 
annually. Rafting represents about 18 percent of 
the benefits. Fishing below Glen Canyon Dam in 
Glen Canyon National Recreation Area provides 
about $4 million in benefits. Fishing values 
along the Little Colorado River and its tributaries 
in northern Arizona are $89 million annually, 
according to angler use statistics from Arizona Fish 
and Game.131

Lake Mead Basin (LMB)
As the name implies this region is dominated by 
Lake Mead, which is part of Lake Mead National 
Recreation Area (NRA) managed by the National 
Park Service. It was estimated that about two-
thirds of the total visitation of 7.69 million visits 
to the Lake Mead NRA were to Lake Mead itself 
(the remainder is to Lake Mojave in the Lower 
Colorado River Basin). Boating and fishing are 
the primary activities. At a value of $93 per day132 
for the intermountain region, NRA recreation 
(which is predominantly water-based recreation) 
yields an annual value of $479 million. This is the 
single most valuable water recreation area in the 
Colorado River basin. In part this is due to Lake 
Mead’s proximity to the Las Vegas metropolitan 
area. 

Lower Colorado River Basin (LCRB)
The major waters in this Basin are Lake Mojave, 
Lake Havasu, and the Colorado River forming 
the border between California and Arizona. 
Estimated use at Lake Mojave (part of Lake Mead 
NRA) is 2.5 million visitors. Lake Havasu State 
Park has 315,500 visits. The BLM administers 
8 concessionaires who have developed resorts 
(hotels, RV parks) along the Colorado River in this 
Basin.133 With about half the 2.4 million visits to 
these concessionaires engaged in water-based 
recreation (fishing and boating), this amounts 
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to about 1.2 million visits. All of these visits are 
valued using the estimate of $93 per day134 based 
on intermountain NRA’s, since Lake Mojave NRA 
represents more than half the visitation, and all of 
these sites offer boating and fishing.

Southern California. While southern California 
receives a significant amount of water from the 
Colorado River, most of it is directly used for 
agricultural, municipal, and industrial use. One 
reservoir at the terminus of the Colorado River 
Aqueduct (Cajalco Reservoir or Lake Mathews) is 
not open to recreational use (the reservoir itself 
is fenced off to the public to safeguard water 
quality). 

San Juan Basin
The major water resource in the San Juan Basin 
is the San Juan River, and especially Navajo 
Reservoir in New Mexico. This large reservoir 
supports about 533,000 visits that are dominated 
by swimming and boating/fishing.135 There is 
also fishing on the San Juan River below Navajo 
Reservoir. A total of $40 million in annual 
recreation benefits are provided by the waters of 
the San Juan Basin. 

Gila River Basin
The Gila River Basin is made of up the Gila, Salt, 
and Verde Rivers along with associated reservoirs. 
According to Arizona Game and Fish, collectively 
these receive about 2.2 million angler days. 
Patagonia State Park and the areas administered 
by the Tonto National Forest (Saguaro and Canyon 
Lakes) receive about 140,000 combined boaters 
and anglers. The fishing is valued at $50 a day136  
and fishing/boating at $93 per day. The total 
recreation value in this Basin is $139 million.

Aesthetic Information
Aesthetic value, as an ecosystem service, refers 
to the appreciation of, and attraction to, beautiful 
natural land.137 The existence of lakes, federal and 
state parks, scenic areas, and officially designated 
scenic roads attest to the social importance of 
this service. A plethora of research has shown that 
proximity to and/or views of healthy ecosystems 
enhance property value.138 Greater economic 
value provided by environmental aesthetics is 
shown by analysis of data on housing markets, 
wages, and relocation decisions.139 Similar data 
show degraded landscapes are associated with 
lower property values, economic decline, and 
stagnation.140

While most of the land along the Colorado River 
is in public ownership, some the land around Lake 
Havasu is private, and houses with views of the 
lake have an extra value associated with them due 
to the views. Likewise, in Las Vegas some homes 
are built around artificial bodies of water (derived 
from Colorado River Basin water) and they, too, 
have enhanced value, particularly waterfront 
homes and view properties. 

The economic value of the enhancement in 
property values is quantified using the hedonic 
pricing method.141 While there are no studies 
of aesthetic value for residences related to the 
Colorado River, there are examples of this in other 
similarly dry states such as California.142 A study by 
Loomis and Feldman found that a view of a lake 
added $31,000 to the price of a home, and being 
on the lakeshore itself increased house prices by 
$209,000. The $31,000 gain represented a 16 
percent gain. The $209,000 essentially doubled 
the house price compared to an equivalent house 
without lakefront property.

Cultural Services
The Millennium Ecosystem Assessment (MEA), 
a globally accepted and standard framework for 
ecosystem service assessment, defines cultural 
services to be inclusive of concepts such as 
spiritual enrichment, cognitive development, 
reflection, recreation, and aesthetic experience.143 
In this report, recreation and aesthetic information 
were discussed separate from the others listed 
above due to their ability to be monetarily valued. 
Other cultural ecosystem services are difficult 
or impossible to value. Existing ecosystem 
service frameworks and typologies consider 
cultural services in a variety of ways. While some 
frameworks only consider spiritual and religious 
experiences often related to indigenous peoples, 
others have defined cultural services to be 
inclusive of recreation, aesthetic, education, and 
scientific research.

The concept of social benefits has emerged 
in limited sociological contexts, offering an 
alternative approach to the MEA cultural services 
definition given above. Under the realm of the 
natural environment, social benefits first emerged 
in the 1970s under the analyses of benefits 
derived from tourism and recreation.144 Social 
benefits have since included a wide array of things 
people receive from nature, which are rarely 
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or in limited cases represented in mainstream 
ecosystem service typologies. In 2011, a case 
study was conducted on community members 
of the Deschutes National Forest and forest staff 
to determine how people benefit from forests. 
Results showed that the groups identified benefits 
from the national forest, including stewardship, 
self-identification, and regulation of urban sprawl, 
all of which are not benefits identified in the MEA 
classification scheme.145

Cultural services are not valued in this report. The 
following are considerations in recognition of their 
importance in the Colorado River Basin. 

Indigenous Peoples and a Sense of Place. The 
natural environment is often associated with 
the identity of an individual, a community, or a 
society. It provides experiences shared across 
generations and offers settings for communal 
interactions important to cultural relationships. 
Cultural heritage is usually defined as the legacy 
of biophysical features, physical artifacts, and 
intangible attributes of a group or society that are 
inherited from past generations, maintained in the 
present, and bestowed for the benefit of future 
generations. The long-term interaction between 
nature and human interaction (e.g., property 
distribution, cultivation, and nature conservation) 
are characterizations of cultural heritage and their 
relationship with the landscape. 

There are numerous cases where forests, prairies, 
or deserts, species, or even individual mountains, 
rivers, plants or animals are strongly associated 
with cultural identities and place attachments. 
Relations between ecosystems and religion can 
center around very material concerns, such as 
staking claim to land contested by immigrants, 
invading states, or other government agencies. 
Nonmarket economic valuation techniques have, 
in limited cases, been successfully applied to 
cultural heritage objects. However, valuations of 
some cultural services, such as regional identity 
or sense of place, remain elusive and are even 
impossible to monetize.

Health and Safety in Urban Environments. In 
recent decades, increased understanding of how 
trees and green space in urban surroundings 
benefit people has developed to include social, 
psychological, and physical domains. In the wake 
of global climate change and increased population 
pressure, there is an increased demand for relief 

from the negative health effects associated with 
living in densely populated areas. The health 
consequences of climate change that put people 
at the highest risk in the United States include 
mortality from excessive heat, extreme weather, 
disease, stress, respiratory disease, and air 
pollution. 

Several categories of health benefits from green 
space can be estimated in dollars, while others 
are nearly impossible to value. The value of stress 
relief from a walk in the park, for example, is more 
difficult to measure than the reduced number of 
doctor visits per year. Crime reduction, mental 
illness alleviation, and increased community 
strength are also missing in the economic 
valuation literature, but they are recognized as 
highly valuable in health literature.

Community Benefits. People benefit from 
positive social interactions, and open spaces 
encourage greater sense of community with more 
opportunities for social interactions. Lower-income 
communities with a larger population of at-risk 
youth and families are even more likely to benefit 
from the social interactions made available by 
shared green space. One study found a positive 
link between the social integration of the elderly 
and their exposure to green common spaces.146 

Before scientific studies established the social, 
physical, and mental benefits of interaction with 
natural environments, green spaces and parks 
were recognized as places where people came 
together. Today, strong social institutions have 
formed around local parks, further enhancing their 
benefits. Community gardeners, educators, and 
recreational sporting teams are all active users of 
parks and in many cases are also involved in park 
upkeep and enhancement.

Once communities become united around their 
local park, volunteers and donors come together 
to keep these green spaces alive and thriving. 
Community efforts to maintain parks increase 
social capital, or the inventory of organizations, 
institutions, laws, informal social networks, and 
relationships of trust that make up or provide for 
the productive organization of the economy. This 
increase in social capital creates a stronger sense 
of community, making the neighborhood safer 
and stronger, especially in communities that had 
previously suffered from fear or alienation due to 
lack of usable public spaces.147
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Valuation of Information Services
The value of information ecosystem services 
was estimated for nine land classes. The studies 
that were drawn from used the avoided cost, 
replacement cost, factor income, contingent 
valuation and hedonic pricing methodologies to 
value aesthetic information and recreation services 

TABLE 23 VALUE AND METHODOLOGY OF INFORMATION SERVICES ACROSS LAND COVERS

LAND COVER
TRANSFERRED VALUATION 

METHODOLOGIES

VALUES (2013$/ACRE/YEAR)

INSIDE 200FT BUFFER OUTSIDE 200FT BUFFER

LOW HIGH LOW HIGH

Aesthetic Information

Cultivated Contingent Valuation $34.46 $87.83 $34.46 $87.83 

Deciduous Forest Contingent Valuation $492.80 $492.80 $492.80 $492.80 

Emergent Herbaceous 
Wetlands

Contingent Valuation, 
Hedonic Pricing

$40.01 $14,924.14 $40.01 $6,299.36 

Woody Wetlands Contingent Valuation $46.15 $7,158.99 $1,104.85 $7,158.99 

Grasslands Contingent Valuation, 
Hedonic Pricing

$255.13 $4,882.34 $0.01 $0.01 

River Contingent Valuation, 
Hedonic Pricing

$8.12 $12,453.45 N/A N/A

Lake Hedonic Pricing $1.81 $247.61 N/A N/A

Pasture/Hay Contingent Valuation, 
Hedonic Pricing, 
Replacement Cost

$5.20 5.20 $5.20 $5.20

Urban Green Space Contingent Valuation, 
Hedonic Pricing, 
Replacement Cost

N/A N/A $135.15 $23,402.96

*Data that is not available or not applicable (i.e., riverine acreage outside of 200ft buffer) is indicated by “N/A.”

(see Table 23). Recreation was uniquely considered 
where river-specific activities were valued using 
visitation and expenditure data from major park 
systems. This calculation was broken down by 
each sub-basin. Non-water-related recreational 
activities were considered separately across all 
private and public lands outside the buffer of the 
major Basin riverine and lake systems.  

TABLE 24 NON-RIVER RECREATION ACTIVITIES

LAND COVER TRANSFERRED VALUATION METHODOLOGIES

VALUES (2013$/ACRE/YEAR)

LOW HIGH

Cultivated Hunting $23.62 $27.65 

Desert Hiking, Camping, Wildlife Viewing, Recreational 
Vehicles, Photography

$0.01 $61.47 

Emergent Herbaceous 
Wetlands

Bird Hunting, Bird Watching, Hiking $391.00 $5,311.99 

Woody Wetlands Recreation (unspecified) $102.55 $7,549.10 

Coniferous Forests Recreation (unspecified) $0.44 $6,445.98 
*Data that is not available or not applicable (i.e., riverine acreage outside of 200ft buffer) is indicated by “N/A.”
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Summing across the sub-basins of the Colorado 
River Basin and its tributaries, the area provides 
18.9 million days of water-based recreation such 
as boating (motorized and non-motorized, such 
as rafting), fishing, and swimming, valued at $1.7 
billion annually. This is the net economic value or 
consumer surplus over and above expenditures. 

Table 25 provides the economic value of water-
based recreation activities by sub-watershed. 
This is a conservative estimate and does not 
include some areas because visitor use data were 
unavailable. This is also limited to water-based 
recreation related to the Colorado River and its 
tributaries.

TABLE 25 ANNUAL RIVER RECREATION AND 
TOURISM VALUE BY SUB-BASIN

UPPER COLORADO BASIN

Rafting $8,828,162

Boat/Fish $177,533,708

Total $186,361,870
LAKE MEAD REGION

Boat/Fish $479,315,812

Total $479,315,812
GREEN RIVER BASIN

Rafting 6,958,684

Boating $36,348,160

Fishing $7,004,160

Total $50,311,004
SAN JUAN BASIN

Swimming $9,875,491

Boating/Fishing $28,312,588

River Fishing $2,201,150

Total $40,389,229
LAKE POWELL BASIN

Boat/Fish $241,576,132

Rafting $8,321,662

Total $249,897,794
LOWER COLORADO BASIN

Boat/Fish $391,927,021

Total $391,927,021
MIDDLE COLORADO BASIN

Rafting $21,228,388

Fishing $93,657,250

Total $114,885,638
GILA RIVER BASIN

Fishing $109,025,800

Boat/Fish $29,527,221

Total $138,553,021
Grand Total $1,651,641,389
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CALCULATING AN 
ASSET VALUE FOR THE 
COLORADO RIVER BASIN

Part 4

Aggregating the dollar values of ecosystem 
services across ecosystems and land cover types 
provides a partial estimate of the annual flow of 
economic value that the Colorado River Basin 
provides to people. The total value estimated 
for 11 ecosystem services over 14 land classes 
ranges from $69.2 billion to $496.4 billion per 
year. This is a tremendous value by any measure. 
And as we discussed previously, this is likely 
an underestimate, since many services lacked 
valuation data. As more economic valuation 
studies are done, these combined known values 
will rise. 

Summary results of ecosystem service valuations 
from each chapter above are provided in Tables 
26 and 27. Ecosystem services are valued for each 
sub-basin across land cover types. The annual 
value of ecosystem services provided by the 
Colorado River Basin is shown below. From this 
flow of value, an asset value can be calculated. 
The 100 year asset value is calculated for the 
Colorado River Basin using a discount rate of 
4.125 percent and 0 percent. 

The low and high values represent the range 
of the lowest and highest values in the peer-
reviewed academic literature. Some primary 
values were also conducted for this study, for 
example carbon sequestration values based on 
the actual forest types in the Colorado Basin, 
rather than transferring these values from outside 
the Basin. Though a great deal of research has 
been completed on ecosystem services in the last 
40 years, this is still a new field. Many ecosystem 
services identified as valuable have no valuation 
studies. For example, though snowpack is critically 

important for potable water and flood risk 
reduction, there are no valuations of snowpack in 
the Colorado Basin. There are also geographical 
gaps, where studies may have been conducted in 
one state but not in others. To base this valuation 
entirely on original research would require more 
than 100 studies for an individual study area. That 
would be cost prohibitive, so a benefit transfer was 
used to provide a range of values for ecosystem 
service benefits. This is analogous to a business or 
house appraisal. 

ANNUAL ECOSYSTEM SERVICE 
VALUATION IN THE  
COLORADO RIVER BASIN

Tables 26 and 27 present the total annual 
ecosystem service value across all sub-basins. All 
values are standardized to 2013 dollars using the 
Bureau of Labor Statistics Consumer Price Index 
Inflation Calculator. Each unique forest type from 
the sub-basins in Table 8 was consolidated for the 
purpose of these calculations. Ecosystem service 
values for each land cover and ecosystem service 
of each sub-basin are provided in Appendix D. 
These tables provide insight into the annual flow 
of benefits provided by the ecosystems of the 
Basin. This represents the annual flow of value for 
the specific ecosystem services and land cover 
types examined. 

Aggregating the dollar values of ecosystem 
services across land cover types generates a 
partial estimate of the total flow of economic value 
that natural systems in the Colorado River Basin 
provide to people. Total high and low values are 
presented in Table 26.
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To arrive at total ecosystem service values for the 
entire basin, we added together all of the values 
from both inside and outside the 200 foot buffers.  
Carbon sequestration values were then included, 
resulting in the grand total annual value across all 
ecosystem services. The grand total low and high 
values are provided in Table 28.

When adding the inner and outer buffer ecosystem 
service values, the Colorado River Basin provides 
between $69.2 and $496.4 billion in benefits for 
people every year. This includes 12 ecosystem 
services over 14 land classes. The dollar values for 
each ecosystem service/land cover type enables 
the data to be useful for benefit/cost analysis, 
or rate of return on investment calculations for 
any activity that enhances or degrades these 
land covers. FEMA, for example, will accept the 
appropriate local values in this report in their 
mitigation benefit/cost tool. 

TABLE 26 TOTAL ANNUAL ECOSYSTEM SERVICE VALUE BY LAND COVER

LAND COVER

VALUES (2013$/ACRE/YEAR)

INSIDE 200FT BUFFER OUTSIDE 200FT BUFFER

LOW HIGH LOW HIGH

Lakes and Reservoirs $2,036,416 $881,723,246 N/A* N/A*

River and Streams $106,083,375 $2,176,645,462 N/A* N/A*

Barren/Desert $267,134 $267,134 $154,938,885 $468,592,897 

Deciduous Forest $388,529,537 $491,593,216 $3,586,568,054 $5,383,500,232 

Evergreen Forest $1,895,927,167 $11,171,343,334 $21,739,619,128 $309,855,507,380 

Mixed Forest $18,927,892 $23,421,611 $341,630,500 $415,413,580 

Shrub/Scrub $40,862,362 $3,256,258,219 $17,722,982,770 $48,067,652,698 

Grassland/Herbaceous $4,882,310,307 $23,468,188,701 $772,053,041 $1,777,583,117 

Pasture/Hay $3,066,494 $29,108,599 $14,471,595 $24,633,942 

Cultivated Crops $7,769,443 $956,505,282 $163,913,346 $15,739,897,235 

Woody Wetlands $144,735,418 $5,681,370,848 $409,122,164 $8,514,363,921 

Riparian $97,134,573 $7,432,431,994 N/A* N/A*

Emergent Herbaceous Wetlands $16,393,286 $2,646,769,109 $119,879,582 $5,082,227,909 

Urban N/A* N/A* $23,466,559 $791,515,452 

Water Supply** $16,575,829,501 $42,018,161,022 N/A* N/A*

Total $24,179,872,905 $100,233,787,777 $45,048,645,624 $396,120,888,363 
*Data that is not available or not applicable (i.e., riverine acreage outside of 200ft buffer) is indicated by “N/A.” 
**Water Supply was calculated independent of specific land cover types, although arguably this service could be attributed to a combination of 
riparian areas, lakes, and rivers. Therefore, water supply was separated from any land cover type to show how the total was derived. 

$24 BILLION TO 
$100 BILLION

INSIDE 
BUFFER

$68.7  MILLION TO 
$278.5 MILLION

CARBON 
SEQUES-
TRATION

$45 BILLION TO 
$396 TRILLION

OUTSIDE 
BUFFER

$69.2 BILLION TO 
$496 BILLION

TOTAL 
ANNUAL
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TABLE 27 TOTAL ANNUAL VALUE (MINUS CARBON SEQUESTRATION) BY ECOSYSTEM SERVICE

ECOSYSTEM SERVICE

VALUES (2013$/ACRE/YEAR)

INSIDE 200FT BUFFER OUTSIDE 200FT BUFFER

LOW HIGH LOW HIGH

Aesthetic Information $408,025,731 $7,231,254,334 $2,736,022,915 $5,767,815,232 

Air Quality $444,356,664 $549,201,275 $5,078,640,862 $6,327,626,535 

Energy and Raw Materials $13,145,762 $27,332,115 $302,470,772 $535,863,448 

Food $139,453,736 $2,528,515,735 $1,315,560,734 $15,688,263,499 

Habitat and Nursery $576,581,462 $21,627,309,908 $6,332,028,202 $143,750,439,146 

Flood Risk Reduction $978,258,238 $5,288,017,071 $9,980,682,518 $11,494,555,097 

Soil Erosion Control $29,825,896 $2,330,975,351 $96,943,328 $306,603,969 

Water Supply $16,575,829,501 $42,018,161,022 N/A N/A

Water Quality $3,161,848,604 $16,149,028,066 $491,154,398 $6,098,003,397 

Water Regulation $166,526,092 $693,116,558 $136,602,145 $659,162,285 

Recreation $1,651,641,389 $1,651,641,389 $18,544,159,920 $205,353,320,802 

Total $24,145,493,075 $100,094,552,824 $45,014,265,794 $395,981,653,410 
*Data that is not available or not applicable (i.e., riverine acreage outside of 200ft buffer) is indicated by “N/A.” 
**Carbon Sequestration was not divided into inner buffer and out buffer assessments and therefore were not included in the table above. Carbon 
sequestration across all land covers, valued at $68.6 million to $278 million per year, was included in the Grand Total calculations in Table 28 below. 

TABLE 28 GRAND TOTAL ANNUAL ECOSYSTEM SERVICE VALUE ACROSS ALL LAND COVERS (2013 $/YEAR)

LOW HIGH

Carbon Sequestration $68,759,661 $278,469,906 

Grand Total $69,228,518,529 $496,354,676,140 

Better information as to the scale of an asset’s 
value helps improve economic decisions. If 
the natural assets of the Colorado River Basin 
are conserved or enhanced, they will provide 
numerous, vast, and long-term benefits to the 
people of the Basin. Why are these “big numbers” 
important? The State of Louisiana provides an 
example of understanding the value of natural 
assets and investing in those assets at the 
appropriate scale. 

With the deterioration of the Mississippi River 
Delta (loss of 1.4 million acres of wetlands since 
1930), 30 linear miles of buffering wetlands were 
lost along the path that Hurricane Katrina took 
before the hurricane struck. With a far larger storm 
surge due to the absence of coastal wetlands, 
the Hurricane inflicted $200 billion in damage 
to built assets within 24 hours. The natural asset 
value of the Mississippi River Delta was estimated 

at between $300 billion and $1 trillion, in a 2010 
report, “Gaining Ground: Wetlands, Hurricanes 
and the Economy: The Value of Restoring the 
Mississippi River Delta”. The State of Louisiana, 
based on solid science, is embarking on a $50 
billion restoration investment.148 This investment 
will certainly return many times that amount in 
the form of increased fisheries, reduced hurricane 
damage, higher food production and rising rather 
than falling coastal community incomes. This 
investment also brings jobs, greater productivity 
and higher wages to rural coastal Louisiana. 

While the Mississippi Delta has one of the richest 
sets of ecosystem service primary valuation 
studies in the world, the Colorado River Basin, 
with the notable exception of recreational values, 
has relatively few studies. Because of this lack of 
primary literature in the basin, and gaps in the 
general literature of ecosystem service valuation 
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for certain land covers and ecosystem services, not 
all ecosystem benefits can be valued. This means 
that only a portion of the asset value of the Basin’s 
natural capital can be estimated, and implies that 
the asset values we calculate are likely  
significant underestimates.

High and low values are provided in this report. 
This approach provides values that reflect the 
inherent uncertainty involved in valuation. Every 
business or house appraisal also has a range 
of comps that better reflect the uncertainty of 
valuation than the final choice of a single number. 
This is the first and most comprehensive overview 
of natural capital values for the Colorado River 
Basin, but it is not complete. The authors felt it 
better to provide the range of values rather than 
choose a single mean or average. 

A healthier Colorado River Basin could provide 
greater economic benefits from the headwaters 
in the Rockies to the delta in Baja California. 
To do so requires an understanding not only of 
the annual flow of value provided by working 
and conservation lands within the Basin, but an 
understanding of the total asset value of that 
landscape for providing that flow of services. From 
the annual flow of benefits shown in Table 27, an 
estimate of asset value can be calculated.

ASSET VALUE

An ecosystem produces a flow of valuable services 
over time, like a traditional capital asset. This 
analogy can be extended to calculating the asset 
value through net present value of the future flows 
of ecosystem services, just as the asset value of 
a capital asset (such as a power plant or bridge) 
can be calculated as the net present value of its 
expected future benefits. 

Like bridges, roads and many other built assets, 
ecosystems are generally not sold on the market. 
Thus, this calculation is an estimate of asset value 
without a potential for sale. However, it is useful 
for revealing the scope and scale of the economic 
value that the Colorado River Basin possesses. 
When the value of natural systems is exposed 
it shows that investments in restoration and 
conservation have the capacity to provide good 
rates of return. Benefit/cost analysis and rate of 
return calculations were initiated after the 1940s 
to examine investments in built capital assets 
which were expected to be productive for a few 

decades until they required replacement. Natural 
systems do not depreciate or fall apart like built 
capital assets. In fact, natural systems can even 
appreciate in value over time, being comprised of 
living and growing organisms. Of course, natural 
systems are only renewable if they are protected 
against degradation, development, unsustainable 
extraction, and other impacts. As long as the 
natural infrastructure of the Basin is not degraded 
or depleted below its ability to renew itself, this 
flow of value will likely continue into the future.

Calculating the net present value of an asset 
implies the use of a discount rate. Discounting 
can be adjusted for different types of assets and is 
designed to reflect the following:

 ● Time preference of money. This is the value 
that people put on something for use now, as 
opposed to the value they assign for that use 
or income at a later date.

 ● Opportunity cost of investment. A dollar in 
one year’s time has a present value of less than 
a dollar today, because a dollar today can be 
invested for a positive return in one year.

 ● Depreciation. Built assets such as roads, 
bridges and levees deteriorate and lose value 
due to wear and tear. Eventually, they must be 
replaced.

Discounting has limitations that may result in 
under- or overestimates when applied to natural 
capital. Using a discount rate assumes that the 
benefits humans reap in the present are more 
valuable than the benefits provided to future 
generations, or even to this generation in just a 
few years into the future. Natural capital assets 
should be treated with lower discount rates 
than built capital assets because they tend to 
appreciate over time, rather than depreciate. 
The Colorado River Basin is providing more 
water, to more people, for a greater total value 
than it provided 100 years ago. Unlike a factory 
that is 100 years old, a protected watershed will 
appreciate in value if it remains mostly intact and 
experiences an increase in demand for its services. 
Additionally, most of the benefits that a natural 
asset such as the Basin provides reside in the 
distant future, whereas most of the benefits of 
built capital reside in the near-term, with few or 
no benefits provided into the distant future. Both 
types of assets are important to maintain a high 
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quality of life, but each operates on a different 
time scale. It would be unwise to treat human time 
preference for a forest like it were a building, or 
that of a building as if it were a disposable coffee 
cup. Thus, a low discount rate better reflects the 
asset value of the Basin.

Asset Value of the Colorado River Basin 
The net present value of the Basin was calculated 
using two discount rates over 100 years: 0 and 
4.125 percent. The discount rate of 4.125 percent 
reflects the fact that human population and future 
development will degrade Basin ecosystems and 
reduce their ability to provide ecosystem services 
if they are not adequately protected. This process 
is analogous to depreciation of a built capital 
asset. Federal agencies like the Army Corps of 
Engineers use a 4.125 percent discount rate for 
water resource projects.149

The cut-off date of 100 years is arbitrary. 
Clearly, far greater value yet resides for the 
many generations who should benefit from 
the watershed well beyond the 100-year point, 
assuming the watershed is adequately protected. 
Currently, the value of economic assets is generally 
not considered beyond 100 years. This study 
follows that tradition. With no cut-off for value, 
any renewable resource would register an infinite 
value. However, the value of watersheds does 
extend far beyond a 100-year period, and better 
tools for capturing that value are being developed 
by economists.

TABLE 29 ASSET VALUES OF CARBON STOCK AND WATER STORAGE (2013 $)

GRAND TOTAL ASSET VALUE - LOW GRAND TOTAL ASSET VALUE - HIGH

Carbon Storage $102,236,520,491 $214,806,321,348

Water Storage $69,228,518,529 $496,354,676,140  

TABLE 30 TOTAL ASSET VALUE OF ALL ECOSYSTEM SERVICES (2013 $)

DISCOUNT RATE: 0% DISCOUNT RATE: 4.125%

Low Estimate High Estimate Low Estimate High Estimate

$7,041,664,202,893 $49,892,292,096,370  $1,767,610,856,363  $12,078,381,061,065

Overall, 12 categories of ecosystem services were 
valued across the entire Basin. Results show that 
nature in the Basin generates about $69.2 billion 
to $496.4 billion (US dollars, 2013) in goods and 
services every year. These are economic benefits 
provided to people. From this annual flow of 
value, a net present value, analogous to an asset 
value, can be calculated.

The asset values for carbon and water storage 
are calculated in Part 3 above, and are shown 
in Table 29. While other ecosystem services like 
carbon sequestration or recreation are provided 
every year, carbon and water storage represent the 
current stock of ecosystem service benefits. These 
values are added to the 100 year asset value 
provided by all other ecosystem services. The 
resulting final asset value is shown in Table 30.

$7.0 TRILLION TO 
$49.9 TRILLION

ASSET 
VALUE, 

0%

$1.8 TRILLION TO 
$12.1 TRILLION

ASSET 
VALUE, 
4.125%
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CONCLUSIONS, 
RECOMMENDATIONS, 
AND FUTURE RESEARCH

Part 5

This report provides an appraisal valuation of 
ecosystem services in the Colorado River Basin, 
quantifying the economic value supplied by nature 
in the watershed every year. By protecting against 
flooding, assuring a clean water supply, buffering 
climate instability, supporting fisheries, recreation, 
and food production, maintaining critical habitat, 
and providing water quality treatment and other 
benefits, Basin ecosystems provide between 
$69.2 billion and $496.4 billion in economic 
value every year. If treated like an asset, the asset 
value of the Colorado River Basin ecosystems 
is between $1.8 trillion and $12.1 trillion at a 
4.125 percent discount rate, and between $7.0 
trillion to $49.9 trillion at a 0 percent  
discount rate.

This initial estimate, which yet excludes many 
ecosystem services, demonstrates the enormous 
economic value provided by the Colorado River 
Basin. The Basin provides these goods and 
services across long time spans and to people well 
beyond its boundaries, at little or no cost. The 
loss of “free” services like flood risk reduction and 
drinking water quality has real local and regional 
economic costs. Protecting and restoring the 
Basin’s natural capital is critical to maintaining 
quality of life, sustainability, equity, and economic 
progress in the region. Though only a snapshot 
in time, these appraisal values are defensible 
and applicable to decision-making at every 
jurisdictional level. For example, the dollar values 
provided in this study can be used immediately 
in local, state, or federal benefit/cost analysis. 

In allocating $460 million in federal funding for 
mitigation after the 2013 Colorado floods, local 
dollar values derived in this study are better than 
the FEMA national average values used in the 
FEMA benefit/cost tool. FEMA recognizes Earth 
Economics data, and allows it to be substituted by 
county or state floodplain managers in the FEMA 
benefit/cost tool to arrive at more accurate flood 
mitigation values for flood affected businesses, 
households and local agencies. It also helps 
allocate mitigation funding more quickly  
and efficiently. 

Because this is a meta-analysis, utilizing many 
valuation studies, the uncertainty associated 
with these results is not known. However, both 
the low and high values established are likely 
underestimates of the full value of ecosystem 
services provided within the Basin because 
values for most ecosystem services have not 
been estimated. In addition, for those ecosystem 
services for which value was estimated, most have 
not been estimated across all vegetation types. 
Sparse data and omission of existing value are still 
the greatest hurdles to studies such as this one, 
and likely the greatest source of uncertainty in  
this valuation.

While this report provides a valuation of 
ecosystem services in the Colorado River Basin, 
it is only a first step in the process of developing 
policies, measures, and indicators that support 
discussions about the tradeoffs in investments of 
public and private money that ultimately shape the 
regional economy. 
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Policymakers in the Basin could initiate institutional 
improvements that coordinate ecosystem 
conservation and restoration to preserve and 
improve drinking water quality and supply, 
flood risk reduction, habitat, climate adaptation, 
recreation, stormwater conveyance and forest 
stewardship. Adopting an integrated approach 
saves money and provides greater benefits for 
Basin residents and regional communities. This 
approach also reduces “infrastructure conflict,” 

NATURAL CAPITAL: AVOIDING NEW TAX DISTRICTS

where investments in one location create new 
costs for taxpayers. The replacement of certain 
ecosystem services with built infrastructure, such 
as wetlands with sewage treatment plants, costs 
money: “lose an ecosystem service, gain a tax 
district.” When an ecosystem service is lost, a tax 
district is often created to fund costly built capital 
replacements to the functions once served by 
natural ecosystems.

Investment in natural capital is essential to the 
long-term health of the Basin’s economy and 
natural environment. Consider the conservation 
of the Colorado River Basin ecosystems as a key 
investment opportunity to generate economic 
prosperity. This appraisal of value is defensible 
and applicable to decision-making at every 
jurisdictional level. For example, in the late 1990s, 
New York City invested in the nearby Catskill-
Delaware watershed as a water supply, when a 
filtration plant would have cost the city from $8 
billion to $10 billion over 10 years. In contrast, 
the cost of investing in its natural capital was 
only $1.5 billion over the same amount of time. 
The watershed program saved the city money 
and also infused an annual $100 million into the 
rural economy in the watershed.150 Subsequently, 
during Hurricane Sandy, the area affected in New 
York, which used this gravity-fed, forest-filtered 
water supply, was completely resilient throughout 
the storm. People in New York City could turn 
on the tap and drink the water, though all other 
services may have failed. In New Jersey, filtration 
plants and pumps went down and water was 
either unavailable or it had been contaminated by 
sewage, which required boiling. The repair costs 
for the New Jersey water infrastructure will be 
around $2.6 billion.151

A major investment to restore the riverine and 
other ecosystem processes of the Colorado River 
Basin is required to maintain and expand the 
vast value of this natural asset. The movement of 
water and sediment, and the maintenance and 
expansion of healthy natural systems underlies the 
production of many economic benefits, including 

protection against drought and flood. Without 
this investment, and with increasing impacts from 
drought and flood alone, people will be forced 
to retreat from the Basin, and current economic 
assets will be degraded. Recommendations of this 
report are included below. 

RECOMMENDATIONS:

 ● Invest in natural capital. The conservation 
and restoration of natural systems in the 
Colorado River Basin should be considered 
investments in a key asset and an opportunity 
for promoting economic prosperity and 
sustainability. The Colorado River Basin’s 
natural capital has a large asset value and high 
rate of return. Investments in natural capital 
deliver 21 categories of economic benefits to 
rural and urban communities including water 
supply, flood risk reduction, recreation, and 
healthier ecosystems. This appraisal of value is 
legally defensible and applicable to decision-
making at every jurisdictional level. 

 ● Conduct a more detailed valuation, 
mapping, and modeling of key ecosystem 
services. This study provides a baseline 
valuation of ecosystem services and identifies 
key benefits. A more detailed analysis can be 
used to make more cost-effective investments 
across the landscape. Expanding on existing 
attempts to better map and model water 
supply, flood risk reduction, and more, and 
integrating economic valuation with those 
more detailed maps and models, will provide 
critical information to citizens and businesses. 
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 ● Adapt to water realities. Continue 
developing local, state, and federal processes 
that are flexible and open to adapting to 
the changing reality of water supply, and 
the likelihood of future scarcity, rather than 
assuming a set amount of water will be 
available. There should be a detailed study 
of the full stocks and flows of water within the 
Basin. This would include reservoirs, snowpack, 
and aquifers. Continuing demand-side actions 
to better allocate water for maintaining healthy 
rivers, agriculture, and municipal and industrial 
uses are essential. 

 ● Include ecosystem services to advance 
rural economic development. By including 
agriculture, sustainable forestry, water 
provisioning, flood risk reduction, and access 
to quality outdoor recreation in economic 
development planning, long-term and 
sustainable jobs can be identified, quantified, 
and secured in the Colorado River Basin. 
Restoration projects can and should be linked 
to economic advancement, sustainability, and 
long-term job creation. 

 ● Bring ecosystem service valuation into 
standard accounting and decision-making 
tools. Accounting rules currently recognize 
timber and fossil fuel natural capital values, 
but need to be improved to include water 
provisioning. Ecosystem service valuation 
can provide governments, businesses, and 
private landowners with a way to calculate 
the rate of return on conservation and 
restoration investments. Benefit/cost analysis 
is a widely used economic decision support 
tool. Strengthening benefit/cost analyses 
with ecosystem services will shift investment 
of public and private funds towards more 
productive and sustainable projects. 

 ● Improve incentives for investment. Water 
users in Los Angeles pay a portion of the bill 
for the built capital pipes conveying water 
from the Colorado Basin. There is nothing on 
the bill for investing back into the watersheds 
that actually produce the water. In Denver, 
by contrast, water users pay a small premium 
(about $1.65 per year) to support forest 
management practices that protect water 
supply and water quality.152 This program and 
others like it can bring income into rural areas, 
reduce conflict, and improve water supply.

 ● Improve the management of natural 
assets. “Lose an ecosystem service, gain 
a tax district,” states Earth Economics 
Executive Director David Batker. If natural 
flood risk reduction is lost, flooding hits and 
a flood district is created. Pave a city, and 
the groundwater that used to recharge the 
aquifer must now be piped and paid for with 
a storm water district. An ecosystem services 
framework can solve multiple economic 
problems while minimizing trade-offs. A 
systems approach improves natural asset 
management. Floods can be reduced while 
groundwater is recharged. Adopting an 
integrated approach reduces “infrastructure 
conflict” where one investment destroys 
another, such as a stormwater system that 
pushes water more quickly into rivers, 
increasing flood risk. A systems approach with 
incentives for landowners saves money and 
provides greater benefits for Basin residents 
and regional communities. 

 ● Apply the dollar values in this report. 
This appraisal of value is legally defensible 
and applicable to decision-making at every 
jurisdictional level. For example, some values 
from this report can be used in FEMA’s benefit/
cost toolkit for post-disaster mitigation. 

This study enables better actions, incentives and 
outcomes for long-term economic prosperity at 
the local and Basin scales. Understanding the 
natural capital asset value calculated for the 
Colorado River Basin shows the vast scale of 
benefits that it provides. The scale of the asset 
guides the scale of investment. Annual values 
provided can be included in microeconomic 
decisions, such as benefit/cost analysis or rate 
of return on investment. Integrated into local, 
county, state, and federal decisions, this analysis 
can provide long-term benefits to everyone who 
benefits from the natural capital of the Colorado 
River Basin. 
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APPENDIX A 
STUDY LIMITATIONS
The results of the first attempt to assign monetary 
value to the ecosystem services produced by 
the Colorado River Basin have important and 
significant implications for the restoration and 
management of natural capital in the region. 
Valuation exercises have limitations that must be 
noted, although these should not detract from the 
core finding that ecosystems produce a significant 
economic value to society. A benefit transfer 
analysis estimates the economic value of a given 
ecosystem (e.g., wetlands) from prior studies of 
that ecosystem type. Like any economic analysis, 
this methodology has strengths and weaknesses. 
Some arguments against benefit transfer include:

 ● Every ecosystem is unique; per-acre values 
derived from another location may be of 
limited relevance to the ecosystems  
being studied.

 ● Even within a single ecosystem, the value per 
acre depends on the size of the ecosystem; in 
most cases, as the size decreases, the per-acre 
value is expected to increase and vice versa. (In 
technical terms, the marginal cost per acre is 
generally expected to increase as the quantity 
supplied decreases; a single average value is 
not the same as a range of marginal values).

 ● Gathering all the information needed to 
estimate the specific value for every ecosystem 
within the study area is not currently feasible. 
Therefore, the full value of all of the wetlands, 
forests, pastureland, et cetera in a large 
geographic area cannot yet be ascertained. 
In technical terms, far too few data points are 
available to construct a realistic demand curve 
or estimate a demand function.

 ● To value all, or a large proportion of the 
ecosystems in a large geographic area 
is questionable in terms of the standard 
definition of exchange value. A transaction in 
which all or most of a large area’s ecosystems 
would be bought and sold cannot be 
conceived in this case. This emphasizes the 
point that the value estimates for large areas 
(as opposed to the unit values per acre) are 
more comparable to national income account 

aggregates and not exchange values.153 These 
aggregates (i.e. GDP) routinely impute values 
to public goods for which no conceivable 
market transaction is possible. The value of 
ecosystem services of large geographic areas 
is comparable to these kinds of aggregates 
(see below).

Proponents of the above arguments recommend 
an alternative valuation methodology that limits 
valuation to a single ecosystem in a single 
location. This method only uses data developed 
expressly for the unique ecosystem being 
studied, with no attempt to extrapolate from 
other ecosystems in other locations. The size 
and landscape complexity of the Basin makes 
this approach to valuation extremely difficult and 
costly. Responses to the above critiques can be 
summarized as follows:

 ● While every wetland, forest, or other 
ecosystem is unique in some way, ecosystems 
of a given type, by their definition, have many 
things in common. The use of average values 
in ecosystem valuation is no more or less 
justified than their use in other macroeconomic 
contexts; for instance, the development of 
economic statistics such as Gross Domestic or 
Gross State Product. This study’s estimate of 
the aggregate value of the Basin ecosystem 
services is a valid and useful (albeit imperfect, 
as are all aggregated economic measures) 
basis for assessing and comparing these 
services with conventional economic goods 
and services.

 ● As employed here, the prior studies upon 
which calculations are based encompass a 
wide variety of time periods, geographic areas, 
investigators and analytic methods. Many of 
them provide a range of estimated values 
rather than single-point estimates. The present 
study preserves this variance; no studies 
were removed from the database because 
their estimated values were deemed to be 
“too high” or “too low.” Also, only limited 
sensitivity analyses were performed. This 
approach is similar to determining an asking 
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price for a piece of land based on the prices of 
comparable parcels (“comps”): Even though 
the property being sold is unique, realtors 
and lenders feel justified in following this 
procedure to the extent of publicizing a single 
asking price rather than a price range.

 ● The objection to the absence of even an 
imaginary exchange transaction was made in 
response to the study by Costanza et al. (1997) 
of the value of all of the world’s ecosystems. 
Even this is not necessary if one recognizes 
the different purpose of valuation at this 
scale–a purpose that is more analogous to 
national income accounting than to estimating 
exchange values.154

This report displays study results in a way that 
allows one to appreciate the range of values and 
their distribution. It is clear from inspection of the 
tables that the final estimates are not precise. 
However, they are much better estimates than the 
alternative of assuming that ecosystem services 
have zero value, or, alternatively, of assuming they 
have infinite value. Pragmatically, in estimating the 
value of ecosystem services, it seems better to be 
approximately right than precisely wrong.

The estimated value of the world’s ecosystems 
presented in Costanza et al. (1997), for example, 
has been criticized as both (1) a serious 
underestimate of infinity and (2) impossibly 
exceeding the entire Gross World Product. These 
objections seem to be difficult to reconcile, 
but that may not be so. Just as a human life is 
priceless so are ecosystems, yet people are paid 
for the work they do.

Upon some reflection, it should not be surprising 
that the value ecosystems provide to people 
exceeds the gross world product. Costanza’s 
estimate of the work that ecosystems do is 
obviously an underestimate of the “infinite” value 
of priceless systems, but that is not what he sought 
to estimate. Consider the value of one ecosystem 
service, such as photosynthesis, and the 
ecosystem good it produces: atmospheric oxygen. 
Neither is valued in Costanza’s study. Given the 
choice between breathable air and possessions, 
informal surveys have shown the choice of oxygen 
over material goods is unanimous. This indicates 
that the value of photosynthesis and atmospheric 
oxygen to people exceeds the value of the gross 
world product.

GENERAL LIMITATIONS

 ● Static Analysis. This analysis uses a static, 
partial equilibrium framework that ignores 
interdependencies and dynamics, though new 
dynamic models are being developed. The 
effect of this omission on valuations is difficult 
to assess.

 ● Increases in Scarcity. The valuations probably 
underestimate shifts in the relevant demand 
curves as the sources of ecosystem services 
become more limited. The values of many 
ecological services rapidly increase as they 
become increasingly scarce.155 If the Basin 
ecosystem services are scarcer than assumed 
here, their value has been underestimated in 
this study. Such reductions in supply appear 
likely as land conversion and development 
proceed; climate change may also adversely 
affect the ecosystems, although the precise 
impacts are difficult to predict.

 ● Existence Value. The approach does not fully 
include the infrastructure or existence value of 
ecosystems. It is well known that people value 
the existence of certain ecosystems, even if 
they never plan to use or benefit from them 
in any direct way. Estimates of existence value 
are rare; including this service will obviously 
increase the total values.

 ● Other Non-Economic Values. Economic and 
existence values are not the sole decision 
making criteria. A technique called multi-
criteria decision analysis is available to formally 
incorporate economic values with other social 
and policy concerns.156,157 Having economic 
information on ecosystem services usually 
helps this process because traditionally, only 
opportunity costs of forgoing development 
or exploitation are counted against non-
quantified environmental concerns.

GIS LIMITATIONS

 ● GIS Data. Since this valuation approach 
involves using benefit transfer methods to 
assign values to land cover types based, 
in some cases, on the context of their 
surroundings, one of the most important issues 
with GIS quality assurance is reliability of the 
land cover maps used in the benefits transfer, 
both in terms of categorical precision and 
accuracy.
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 ● Accuracy. The source GIS layers are assumed 
to be accurate but may contain some minor 
inaccuracies due to land use changes done 
after the data was sourced, or classification 
errors during remote sensing.

 ● Ecosystem Health. There is the potential that 
ecosystems identified in the GIS analysis are 
fully functioning to the point where they are 
delivering higher values than those assumed 
in the original primary studies, which would 
result in an underestimate of current value. On 
the other hand, if ecosystems are less healthy 
than those in primary studies, this valuation will 
overestimate current value.

 ● Spatial Effects. This ecosystem service 
valuation assumes spatial homogeneity of 
services within ecosystems, i.e. that every 
acre of forest produces the same ecosystem 
services. This is clearly not the case. Whether 
this would increase or decrease valuations 
depends on the spatial patterns and services 
involved. Solving this difficulty requires spatial 
dynamic analysis. More elaborate system 
dynamic studies of ecosystem services have 
shown that including interdependencies and 
dynamics leads to significantly higher values,158 
as changes in ecosystem service levels cascade 
throughout the economy.

BENEFIT TRANSFER/DATABASE 
LIMITATIONS

 ● Incomplete coverage. That not all ecosystems 
have been valued or studied well is perhaps 
the most serious issue, because it results in 
a significant underestimate of the value of 
ecosystem services. More complete coverage 
would almost certainly increase the values 
shown in this report, since no known valuation 
studies have reported estimated values of 
zero or less for an ecosystem service. Table 
12 illustrates which ecosystem services were 
identified in the Basin for each land cover type, 
and which of those were valued.

 ● Selection Bias. Bias can be introduced in 
choosing the valuation studies, as in any 
appraisal methodology. The use of ranges 
partially mitigates this problem.

 ● Consumer Surplus. Because the benefit 
transfer method is based on average rather 
than marginal cost, it cannot provide estimates 
of consumer surplus. However, this means that 
valuations based on averages are more likely 
to underestimate total value.

PRIMARY STUDY LIMITATIONS

 ● Willingness-to-pay Limitations. Most 
estimates are based on current willingness 
to pay or proxies, which are limited by 
people’s perceptions and knowledge base. 
Improving people’s knowledge base about the 
contributions of ecosystem services to their 
welfare would almost certainly increase the 
values based on willingness to pay, as people 
would realize that ecosystems provided more 
services than they had previously known.

 ● Price Distortions. Distortions in the current 
prices used to estimate ecosystem service 
values are carried through the analysis. 
These prices do not reflect environmental 
externalities and are therefore again likely to 
be underestimates of true values.

 ● Non-linear/Threshold Effects. The valuations 
assume smooth and/or linear responses 
to changes in ecosystem quantity with no 
thresholds or discontinuities. Assuming (as 
seems likely) that such gaps or jumps in the 
demand curve would move demand to higher 
levels than a smooth curve, the presence 
of thresholds or discontinuities would likely 
produce higher values for affected services.159 
Further, if a critical threshold is passed, 
valuation may leave the normal sphere of 
marginal change as larger-scale social and 
ethical considerations such as endangered 
species listings dominate.

 ● Sustainable Use Levels. The value estimates 
are not necessarily based on sustainable use 
levels. Limiting use to sustainable levels would 
imply higher values for ecosystem services 
as the effective supply of such services is 
reduced.

If the above problems and limitations were 
addressed, the result would most likely be 
a narrower range of values and substantially 
higher values overall. At this point, however, it is 
impossible to determine more precisely how much 
the low and high values would change.
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APPENDIX B 
GIS AND PRIMARY VALUATION DATA SOURCES

GIS DATA SOURCES

Land cover acreage was calculated from various 
sources. 2006 NLCD data was used as the baseline 
data source for land cover calculations, resulting 
in acreage estimations for all forest, wetland, 
shrub, grassland, cultivated, barren/desert, and 
water land types. Other data sources were used to 
estimate riparian and urban land cover types, as 
well as the detailed forest land cover types used 
for carbon sequestration and storage analysis. 
These alternate data sources are listed below. GIS 
databases were provided by USGS. 

National Land Cover Database (NLCD)
Fry, J., Xian, G., Jin, S., Dewitz, J., Homer, C., 
Yang, L., Barnes, C., Herold, N., and Wickham, 
J., 2011. Completion of the 2006 National Land 
Cover Database for the Conterminous United 
States, PE&RS 77(9), 858-864.

Riparian Land Covers
USGS National Gap Analysis Program, 2004. 
Provisional Digital Land Cover Map for the 
Southwestern United States. Version 1.0. RS/GIS 
Laboratory, College of Natural Resources, Utah 
State University.

Urban Green Space Boundaries
United States Census Bureau, 2010. Cartographic 
Boundary Files - Urban Areas. http://www.
census.gov/geo/maps-data/data/cbf/cbf_ua.html 
(Retrieved April, 2014)

CARBON SEQUESTRATION AND 
STORAGE DATA SOURCES

Social Cost of Carbon Calculation Data 
Sources
International Panel for Climate Change, 2007. 
History and present state of aggregate impact 
estimates. IPCC Fourth Assessment Report: 
Climate Change 2007. http://www.ipcc.ch/
publications_and_data/ar4/wg2/en/ch20s20-6-1.
html (Retrieved April, 2014)

Interagency Working Group on Social Cost of 
Carbon, 2013. Technical Support Document: 
Technical Update of the Social Cost of Carbon 
for Regulatory Impact Analysis - Under Executive 
Order 12870. http://www.whitehouse.gov/sites/
default/files/omb/inforeg/social_cost_of_carbon_
for_ria_2013_update.pdf (Retrieved April, 2014)

Carbon Sequestration and Storage Data 
Sources
Aalde, H., Gonzalez, P., Gytarsky, M., Krug, T., 
Kurz, W.A., Ogle, S., Raison, J., Schoene, D., 
Ravindranath, N.H., Elhassan, N.G., Heath, L.S., 
Higuchi, N., Kainja, S., Matsumoto, M., Sanchez, 
M., Somogyi, Z., 2006. Chapter 4: Forest land, in: 
2006 IPCC Guidelines for National Greenhouse 
Gas Inventories: Volume 4 Agriculture, Forestry, 
and other land use. http://www.ipcc-nggip.iges.
or.jp/public/2006gl/pdf/4_Volume4/V4_04_Ch4_
Forest_Land.pdf (Retrieved April, 2014)

Bridgeham, S.D., Megonigal, J.P., Keller, J.K., 
Bliss, N.B., Trettin, C., 2006. The carbon balance of 
North American wetlands. Wetlands 26(4), 889-
916.

DeLonge, M.S., Ryals, R., Silver, W., 2013. A 
Lifecycle Model to Evaluate Carbon Sequestration 
Potential and Greenhouse Gas Dynamics of 
Managed Grasslands. Ecosystems 16, 962-979.

Heath, L.S., Smith, J.E., Birdsey, R.A., 2003. 
Chapter 3: Carbon Trends in US forestlands: 
a context for the role of soils in forest carbon 
sequestration. The Potential of US Forest Soils to 
Sequester Carbon, in: Kimble, J M., Heath, Linda 
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S., Richard A. Birdsey, and Rattan Lal (Eds.), The 
Potential of US Forest Soils to Sequester Carbon 
and Mitigate the Greenhouse Effect. CRC Press, 
Boca Raton, FL, p. 35-45.

Liu, S., Liu, J., Young, C.J., Werner, J.M., Wu, Y., 
Li, Z., Dahal, D., Oeding, J., Schmidt, G., Sohl, 
T.L., Hawbaker, T.J., Sleeter, B.M., 2012. Chapter 
5: Baseline carbon storage, carbon sequestration, 
and greenhouse-gas fluxes in terrestrial 
ecosystems of the western United States, in: Zhu, 
Z. and Reed, B.C. (Eds.), Baseline and projected 
future carbon storage and greenhouse-gas fluxes 
in ecosystems of the western United States. 
USGS Professional Paper 1797. http://pubs.usgs.
gov/pp/1797/pdf/PP1797_WholeDocument.pdf 
(Retrieved April, 2014)

Manley, J., van Kooten, G.C., Moeltner, K., 
Johnson, D.W., 2005. Creating carbon offsets 
in agriculture through no-till cultivation: a meta-
analysis of costs and carbon benefits. Climatic 
Change 68, 41-65.

Malmer, N., Johansson, T., Olsrud, M., 
Christensen, T.R. , 2005. Global Change Biology 
11, 1895-1909.

Post, W., Kwon, K., 2000. Soil carbon 
sequestration and land-use change: processes and 
potential. Global Change Biology 6(3), 317-327.

Ryals, R., Silver, W.L., 2013. Effects of organic 
matter amendments on net primary productivity 
and greenhouse gas emissions in annual 
grasslands. Ecological Applications 23, 46-59.

Schuman, G.E., Janzen H.H., Herrick J.E., 2002. 
Soil carbon dynamics and potential carbon 
sequestration by rangelands. Environmental 
Pollution 116, 391-396.

Smith, W.N., Desjardins, R.L., Grant, B., 2001. 
Estimated changes in soil carbon associated with 
agricultural practices in Canada. Canadian Journal 
of Soil Science 81, 221-227.

Smith, J.E., Heath, L.S., Skog, K.E., Birdsey, R.A., 
2006. Methods for calculating forest ecosystem 
and harvested carbon with standard estimates for 
forest types of the United States. USDA Forest 
Service Northeastern Research Station, General 
technical report NE-343. http://www.nrs.fs.fed.us/
pubs/gtr/ne_gtr343.pdf (Retrieved April, 2014)

WATER RATE DATA SOURCES

Jones, E., Adams, T., Klotz, E., Williams, G., 
Summers, L., 2010. The Cost of Water in Utah: 
Why are our water costs so low? Utah Division 
of Water Resources. http://www.water.utah.gov/
Reports/The%20Cost%20of%20Water%20in%20
Utah.pdf (Retrieved April, 2014)

Raftelis Financial Consultants, Inc., California-
Nevada Section of the American Water Works 
Association, 2013. 2013 Water Rate Survey. http://
www.sweetwater.org/Modules/ShowDocument.
aspx?documentid=5333 (Retrieved April, 2014)

Walton, B., 2012. The Price of Water 2012. 
Circle of Blue. http://www.circleofblue.org/
waternews/2012/world/the-price-of-water-2012-
18-percent-rise-since-2010-7-percent-over-last-
year-in-30-major-u-s-cities/ (Retrieved April, 2014)

Walton, B., 2013. The Price of Water 2013. 
Circle of Blue. http://www.circleofblue.org/
waternews/2013/world/the-price-of-water-2013-
up-nearly-7-percent-in-last-year-in-30-major-u-s-
cities-25-percent-rise-since-2010/ (Retrieved April, 
2014)

Walton, B., 2014. Price of Water 2014. 
Circle of Blue. http://www.circleofblue.org/
waternews/2014/world/price-water-2014-6-
percent-30-major-u-s-cities-33-percent-rise-
since-2010/ (Retrieved April, 2014)

Water Infrastructure Finance Authority of Arizona, 
2012. Water and Wastewater Residential Rate 
Survey for the State of Arizona. http://www.azwifa.
gov/download.aspx?path=publications/residential-
rates/&file=2012RateStudy.pdf (Retrieved April, 
2014)
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APPENDIX C 
ADDITIONAL TABLES
Tables 31 – 38 summarize the combined high 
and low ecosystem service values for each land 
cover of each sub-basin in the Basin. In the case 
where high and low values are the same, only one 
relevant value was found. It is important to note 
that additional values may increase or decrease 
the value range presented.

TABLE 31 TOTAL ECOSYSTEM SERVICE VALUE BY LAND COVER OF UPPER COLORADO RIVER SUB-BASIN

LAND COVER TYPE ACRES

TOTAL 2013 $/ACRE/YEAR

INSIDE 200FT BUFFER TOTAL $/ACRE/YEAR

LOW HIGH LOW HIGH

Lakes and Reservoirs 40,924 $167,934 $72,711,731 N/A N/A

Rivers and Streams 13,540 $10,098,414 $207,201,807 N/A N/A

Barren/Desert 435,872 $10,720 $10,720 $12,942,678 $39,143,479 

Deciduous Forest 2,142,691 $213,993,537 $270,817,676 $1,371,485,242 $2,058,622,897 

Coniferous Forest 4,271,528 $394,750,641 $2,121,922,102 $3,532,094,229 $43,769,011,548 

Mixed Forest 87,476 $6,028,159 $7,233,130 $74,373,000 $87,774,731 

Shrub/Scrub 3,337,033 $1,689,970 $134,671,094 $575,675,194 $1,561,326,084 

Grassland/Herbaceous 960,846 $379,033,032 $1,821,928,178 $77,245,693 $177,851,303 

Pasture/Hay 363,709 $613,624 $5,824,807 $2,895,646 $4,929,047 

Cultivated Crops 121,542 $942,593 $116,043,777 $11,411,837 $1,095,829,896 

Woody Wetlands 80,434 $40,628,945 $1,594,828,049 $76,095,789 $1,583,652,265 

Riparian 289,778 $20,114,935 $1,539,131,542 N/A N/A

Emergent Herbaceous Wetlands 11,249 $843,951 $136,259,642 $8,357,976 $354,331,706 

Urban Greenspace 6,543 N/A N/A $4,695,321 $158,370,863 

Total 12,163,165 $1,068,916,455 $8,028,584,255 $5,747,272,605 $50,890,843,819 
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TABLE 32 TOTAL ECOSYSTEM SERVICE VALUE BY LAND COVER OF GREEN RIVER SUB-BASIN

LAND COVER TYPE ACRES

TOTAL 2013 $/ACRE/YEAR

INSIDE 200FT BUFFER TOTAL $/ACRE/YEAR

LOW HIGH LOW HIGH

Lakes and Reservoirs 103,980 $426,694 $184,748,821 N/A N/A

Rivers and Streams 33,514 $24,994,501 $512,843,471 N/A N/A

Barren/Desert 499,671 $36,997 $36,997 $14,169,779 $42,854,689 

Deciduous Forest 1,700,705 $129,737,404 $164,188,053 $1,121,585,885 $1,683,519,673 

Coniferous Forest 4,966,371 $404,970,644 $2,176,858,174 $4,160,224,343 $51,552,675,415 

Mixed Forest 99,519 $5,548,203 $6,657,235 $85,911,309 $101,392,201 

Shrub/Scrub 18,578,599 $7,705,119 $614,008,945 $3,282,039,665 $8,901,432,948 

Grassland/Herbaceous 824,668 $467,250,419 $2,245,969,696 $64,610,930 $148,760,892 

Pasture/Hay 758,322 $1,565,759 $14,862,915 $5,766,112 $9,815,233 

Cultivated Crops 16,104 $99,454 $12,243,926 $1,544,740 $148,334,726 

Woody Wetlands 109,641 $46,694,247 $1,832,912,338 $123,290,012 $2,565,825,386 

Riparian 424,232 $29,448,053 $2,253,272,374 N/A N/A

Emergent Herbaceous Wetlands 97,762 $8,750,621 $1,412,826,828 $69,156,659 $2,931,857,953 

Urban Greenspace 1,023 N/A N/A $734,115 $24,761,332 

Total 28,214,111 $1,127,228,115 $11,431,429,773 $8,929,033,549 $68,111,230,448 

TABLE 33 TOTAL ECOSYSTEM SERVICE VALUE BY LAND COVER OF LAKE POWELL RIVER SUB-BASIN

LAND COVER TYPE ACRES

TOTAL 2013 $/ACRE/YEAR

INSIDE 200FT BUFFER TOTAL $/ACRE/YEAR

LOW HIGH LOW HIGH

Lakes and Reservoirs 121,178 $497,264 $215,304,392 N/A N/A

Rivers and Streams 22,411 $16,714,254 $342,947,281 N/A N/A

Barren/Desert 2,557,125 $91,472 $91,472 $75,158,636 $227,307,712 

Deciduous Forest 914,948 $6,184,196 $7,826,356 $655,731,398 $984,264,088 

Coniferous Forest 3,614,754 $75,129,325 $403,846,274 $3,245,908,139 $40,222,650,243 

Mixed Forest 94,613 $2,279,424 $2,735,059 $84,648,259 $99,901,553 

Shrub/Scrub 10,256,122 $1,388,651 $110,659,442 $1,941,344,691 $5,265,247,029 

Grassland/Herbaceous 2,106,539 $274,226,611 $1,318,146,829 $175,969,230 $405,153,423 

Pasture/Hay 140,094 $57,956 $550,145 $1,284,311 $2,186,189 

Cultivated Crops 22,545 $20,198 $2,486,581 $2,315,603 $222,357,475 

Woody Wetlands 28,818 $3,437,322 $134,926,901 $52,300,750 $1,088,446,577 

Riparian 115,231 $7,998,763 $612,040,192 N/A N/A

Emergent Herbaceous Wetlands 3,026 N/A N/A $2,806,707 $118,988,763 

Urban Greenspace 0 N/A N/A N/A N/A

 Total 19,997,404 $388,025,436 $3,151,560,924 $6,237,467,724 $48,636,503,052 
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TABLE 34 TOTAL ECOSYSTEM SERVICE VALUE BY LAND COVER OF SAN JUAN RIVER SUB-BASIN

LAND COVER TYPE ACRES

TOTAL 2013 $/ACRE/YEAR

INSIDE 200FT BUFFER TOTAL $/ACRE/YEAR

LOW HIGH LOW HIGH

Lakes and Reservoirs 31,534 $103,474 $44,802,033 N/A N/A

Rivers and Streams 22,119 $5,000,693 $102,605,481 N/A N/A

Barren/Desert 481,768 $35,280 $35,280 $6,143,488 $18,580,195 

Deciduous Forest 40,227 $30,657,635 $38,798,505 $314,037,894 $471,376,272 

Coniferous Forest 7,599,052 $180,152,246 $968,381,033 $2,058,543,405 $25,509,061,822 

Mixed Forest 28,308 $3,817,248 $4,580,279 $75,584,610 $89,204,669 

Shrub/Scrub 27,478,030 $2,928,584 $233,374,322 $1,074,552,268 $2,914,363,001 

Grassland/Herbaceous 1,322,651 $1,297,629,900 $6,237,420,696 $119,179,292 $274,399,667 

Pasture/Hay 89,271 $315,742 $2,997,172 $2,079,282 $3,539,410 

Cultivated Crops 989,812 $670,439 $82,538,586 $19,528,029 $1,875,193,094 

Woody Wetlands 49,508 $22,018,329 $864,296,347 $40,262,598 $837,916,986 

Riparian 210,130 $10,046,978 $768,763,162 N/A N/A

Emergent Herbaceous Wetlands 23,500 $942,840 $152,225,714 $2,929,141 $124,179,284 

Urban Greenspace 89,357 N/A N/A $1,979,168 $66,756,357 

Total 38,455,267 $1,554,319,388 $9,500,818,610 $3,714,819,175 $32,184,570,757 

TABLE 35 TOTAL ECOSYSTEM SERVICE VALUE BY LAND COVER OF LAKE MEAD SUB-BASIN

LAND COVER TYPE ACRES

TOTAL 2013 $/ACRE/YEAR

INSIDE 200FT BUFFER TOTAL $/ACRE/YEAR

LOW HIGH LOW HIGH

Lakes and Reservoirs 31,534 $448,318 $194,111,871 N/A N/A

Rivers and Streams 22,119 $3,288,212 $67,468,370 N/A N/A

Barren/Desert 481,768 $36,003 $36,003 $7,365,367 $22,275,613 

Deciduous Forest 40,227 $6,975,193 $8,733,606 $77,851,867 $116,856,988 

Coniferous Forest 7,599,052 $200,476,457 $1,311,280,706 $1,112,361,868 $18,932,248,620 

Mixed Forest 28,308 $369,094 $651,770 $4,232,648 $7,445,648 

Shrub/Scrub 27,478,030 $6,385,984 $508,889,123 $1,606,975,638 $4,358,383,003 

Grassland/Herbaceous 1,322,651 $725,439,197 $3,487,026,200 $45,616,544 $105,028,015 

Pasture/Hay 89,271 $70,542 $669,622 $230,503 $392,369 

Cultivated Crops 989,812 $98,000 $12,064,893 $932,369 $89,531,422 

Woody Wetlands 49,508 $7,139,459 $280,248,719 $13,586,153 $282,745,494 

Riparian 210,130 $4,636,786 $354,792,268 N/A N/A

Emergent Herbaceous Wetlands 23,500 $1,281,182 $206,852,574 $10,663,816 $452,086,519 

Urban Greenspace 89,357 N/A N/A $654,460 $22,074,618 

Total 38,455,267 $956,644,427 $6,432,825,725 $2,880,471,233 $24,389,068,309 
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TABLE 36 TOTAL ECOSYSTEM SERVICE VALUE BY LAND COVER OF MIDDLE COLORADO RIVER SUB-BASIN

LAND COVER TYPE ACRES

TOTAL 2013 $/ACRE/YEAR

INSIDE 200FT BUFFER TOTAL $/ACRE/YEAR

LOW HIGH LOW HIGH

Lakes and Reservoirs 9,754 $40,027 $17,330,592 N/A N/A

Rivers and Streams 11,447 $8,537,121 $175,166,803 N/A N/A

Barren/Desert 420,288 $10,614 $10,614 $12,472,433 $37,721,282 

Deciduous Forest 15,596 $359,904 $450,633 $10,968,063 $16,463,250 

Coniferous Forest 5,385,861 $158,754,687 $1,038,386,055 $3,162,037,130 $53,817,444,521 

Mixed Forest 346 $1,245 $2,198 $212,002 $372,933 

Shrub/Scrub 14,943,392 $3,965,832 $316,031,035 $2,740,753,952 $7,433,376,808 

Grassland/Herbaceous 2,219,230 $1,113,800,429 $5,353,792,979 $175,578,448 $404,253,683 

Pasture/Hay 9,823 $18,521 $175,813 $76,360 $129,982 

Cultivated Crops 5,877 $77,479 $9,538,526 $510,793 $49,049,296 

Woody Wetlands 14,316 $5,415,663 $212,583,690 $17,632,205 $366,949,105 

Riparian 49,536 $3,438,543 $263,106,527 N/A N/A

Emergent Herbaceous Wetlands 11,181 $937,598 $151,379,305 $8,064,876 $341,905,913 

Urban Greenspace 13,717 N/A N/A $9,843,454 $332,014,845 

Total 23,110,364 $1,295,357,663 $7,537,954,770 $6,138,149,716 $62,799,681,618 

TABLE 37 TOTAL ECOSYSTEM SERVICE VALUE BY LAND COVER OF LOWER COLORADO RIVER SUB-BASIN

LAND COVER TYPE ACRES

TOTAL 2013 $/ACRE/YEAR

INSIDE 200FT BUFFER TOTAL $/ACRE/YEAR

LOW HIGH LOW HIGH

Lakes and Reservoirs 54,416 $223,301 $96,684,591 N/A N/A

Rivers and Streams 28,096 $20,953,870 $429,936,795 N/A N/A

Barren/Desert 438,260 $10,214 $10,214 $13,028,834 $39,404,047 

Deciduous Forest 8,815 $386,238 $483,607 $6,048,830 $9,079,397 

Coniferous Forest 433,204 $17,022,586 $111,341,695 $250,122,511 $4,257,051,327 

Mixed Forest 160 $28,631 $50,559 $70,257 $123,588 

Shrub/Scrub 9,680,787 $4,193,117 $334,143,020 $1,702,122,187 $4,616,436,137 

Grassland/Herbaceous 102,803 $64,533,593 $310,198,749 $7,979,671 $18,372,478 

Pasture/Hay 176,572 $249,398 $2,367,398 $1,451,704 $2,471,130 

Cultivated Crops 311,963 $1,012,155 $124,607,564 $31,099,918 $2,986,392,036 

Woody Wetlands 12,716 $2,420,532 $95,014,340 $21,042,807 $437,928,153 

Riparian 98,888 $6,864,315 $525,235,753 N/A N/A

Emergent Herbaceous Wetlands 5,442 $437,872 $70,696,449 $3,970,757 $168,338,035 

Urban Greenspace 14 N/A N/A $10,047 $338,865 

 11,352,136 $118,335,822 $2,100,770,734 $2,036,947,523 $12,535,935,193 
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TABLE 38 TOTAL ECOSYSTEM SERVICE VALUE BY LAND COVER OF GILA RIVER SUB-BASIN

LAND COVER TYPE ACRES

TOTAL 2013 $/ACRE/YEAR

INSIDE 200FT BUFFER TOTAL $/ACRE/YEAR

LOW HIGH LOW HIGH

Lakes and Reservoirs 31,534 $129,404 $56,029,215 N/A N/A

Rivers and Streams 22,119 $16,496,310 $338,475,454 N/A N/A

Barren/Desert 481,768 $35,834 $35,834 $13,657,670 $41,305,880 

Deciduous Forest 40,225 $235,430 $294,780 $28,858,875 $43,317,667 

Coniferous Forest 7,591,320 $464,670,581 $3,039,327,295 $4,218,327,503 $71,795,363,884 

Mixed Forest 28,308 $855,888 $1,511,381 $16,598,415 $29,198,257 

Shrub/Scrub 27,478,030 $12,605,105 $1,004,481,238 $4,799,519,175 $13,017,087,688 

Grassland/Herbaceous 1,322,652 $560,397,126 $2,693,705,374 $105,873,233 $243,763,656 

Pasture/Hay 89,271 $174,952 $1,660,727 $687,677 $1,170,582 

Cultivated Crops 989,812 $4,849,125 $596,981,429 $96,570,057 $9,273,209,290 

Woody Wetlands 49,508 $16,980,921 $666,560,464 $64,911,850 $1,350,899,955 

Riparian 210,130 $14,586,200 $1,116,090,176 N/A N/A

Emergent Herbaceous Wetlands 23,501 $3,199,222 $516,528,597 $13,929,650 $590,539,736 

Urban Greenspace 7,734 N/A N/A $5,549,994 $187,198,572 

 38,365,912 $1,095,216,098 $10,031,681,964 $9,364,484,099 $96,573,055,167 
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APPENDIX D 
VALUE TRANSFER STUDIES USED BY LAND COVER

LAND COVER ECOSYSTEM SERVICE AUTHOR(S)
LOW  

$/ACRE/YEAR
HIGH  

$/ACRE/YEAR

Cultivated Food Faux, J. $18.62 $233.82

  Piper, S. $45.68 $45.68

  Sandhu, H.S., Wratten, 
S.D., Cullen, R., Case, B.
 

$555.74 $9,133.43

  $405.93 $6,765.51

  Zhou, X., et al. $21.99 $108.23

 Water Regulation Sandhu, H.S., Wratten, 
S.D., Cullen, R., Case, B.
 

$49.11 $49.11

  $24.78 $24.78

 Habitat and Nursery Sandhu, H.S., Wratten, 
S.D., Cullen, R., Case, B.
 
 
 

$0.00
 

$228.09

  $298.17

  $25.61 $39.63

  $26.10 $35.28

 Soil Erosion Control Moore, W.B $4.68 $4.68

  Pimentel, D., et al. $131.75 $131.75

   $119.66 $119.66

  Wilson, S. J. $2.38 $2.38

 Aesthetic Information Bergstrom et al. $34.46 $87.83

 Nutrient Cycling Wilson, S. J. $10.01 $10.01

 Soil Formation Pimentel, D. $7.05 $7.05

  Sandhu, H.S., Wratten, 
S.D., Cullen, R., Case, B.
 
 
 
 

$0.00 $44.46

  $14.50 $168.65

  $12.56 $205.38

  $0.34 $5.32

  $0.97 $4.35

  Wilson, S. J. $2.58 $2.58

 Biological Control
 

 
 
 

Cleveland, C.J., et al. $14.16 $201.81

 Pimentel, D.
 

$82.42 $82.42

 $56.74 $56.74

 Pimentel, D., et al. $30.91 $30.91

 Sandhu, H.S., Wratten, 
S.D., Cullen, R., Case, B.

$0.00 $48.33

 Energy and Raw 
Materials

Sandhu, H.S., Wratten, 
S.D., Cullen, R., Case, B.

$0.00 $108.25

    $144.01
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Cultivated (continuted) Air Quality
 

Canadian Urban Institute. $100.63 $100.63

 Sandhu, H.S., Wratten, 
S.D., Cullen, R., Case, B.

$0.00 $101.48

 Pollination
 
 
 
 
 

Costanza, R., et al. $2.78 $13.99

 Pimentel, D. $103.09 $103.09

 Ricketts, T.H., et al. $196.21 $196.21

 Sandhu, H.S., Wratten, 
S.D., Cullen, R., Case, B.
 

$0.00
 

$211.66

 $219.88

 Winfree et al. $47.14 $1,956.30

Deciduous Forest
 
 
 
 
 
 
 
 
 
 

Recreation and Tourism
 
 
 
 

Prince, R. and Ahmed, E. $42.70 $54.23

Shafer, E. L., et al.
 
 

$568.94 $568.94

$3.14 $3.14

$102.65 $102.65

Willis $1.23 $550.23

Aesthetic Information Standiford, R., 
Huntsinger, L.

$492.80 $492.80

Biological Control
 
 

Krieger, D.J. $10.35 $10.35

Pimentel, D.
 

$4.53 $4.53

$30.14 $30.14

Energy and Raw 
Materials

Pimentel, D. $19.52 $19.52

Air Quality Mates. W., Reyes, J. $61.43 $271.24

Desert
 

Recreation and Tourism Richer, J. $46.95 $61.47

Air Quality Delfino, K., et al. $1.12 $1.12

Emergent Herbaceous 
Wetland
 
 
 
 
 

Food Allen, J. et al. $354.89 $354.89

Water Regulation
 
 
 

Brander, L.M., , et al
 
 
 

$2,632.77 $2,632.77

$101.44 $101.44

$1,182.20 $1,182.20

$677.75 $677.75

Habitat and Nursery Everard, M. $13.62 $13.62

  Gren, I.M. and 
Soderqvist, T.

$17.93 $17.93

  Loomis, J. $5,946.53 $5,946.53

  Pearce, D. and Moran, D. $4,306.57 $4,306.57

   $286.97 $286.97

  Woodward, R., and Wui, 
Y.

$169.40 $1,749.27

Recreation and Tourism Brander, L.M., et al. $28.60 $857.97

LAND COVER ECOSYSTEM SERVICE AUTHOR(S)
LOW  

$/ACRE/YEAR
HIGH  

$/ACRE/YEAR
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Emergent Herbaceous 
Wetland (continued)

Recreation and Tourism
(continued)

Cooper J. and Loomis, J. $14.18 $337.50

Farber and Costanza 
1987

$123.97 $259.63

 Gren, I.M. and 
Soderqvist, T.
 
 

$219.89 $219.89

 $241.38 $241.38

 $3,141.22 $3,141.22

 Kreutzwiser, R. $210.95 $210.95

 Lant, C.A., and Roberts, 
R.S.

$206.10 $206.10

 Stoll et al. 1989 $620.07 $620.07

 Whitehead $972.18 $6,299.36

 Willis, K.G.
 

$35.79 $39.37

 $121.69 $121.69

 Wilson, S. J. $128.86 $128.86

 Woodward, R., and Wui, 
Y.
 
 

$1.78 $24.96

 $44.58 $351.28

 $941.50 $4,960.71

 Aesthetic Information
 

Mahan, B. L., et al. $40.01 $40.01

 (blank) $972.18 $6,299.36

 Water Quality
 
 
 
 
 
 
 
 
 
 
 

Brander, L.M., et al. $16.02 $4,003.85

 de Groot, D., $15,661.43 $15,661.43

 Gosselink et al $2,519.32 $7,452.98

 Gren, I.M. and 
Soderqvist, T.
 

$423.25 $423.25

 $268.71 $268.71

 Grossman, M. $10.56 $12.41

 Lant, C.A., and Roberts, 
R.S.

$206.10 $206.10

 Meyerhoff, J., and 
Dehnhardt, A.

$323.02 $965.35

 Olewiler, N. $324.46 $911.64

 Wilson, S. J.
 

$1,329.73 $1,329.73

 $208.90 $208.90

 Woodward, R., and Wui, 
Y.

$224.68 $2,457.18

Flood Protection Brander, L.M., et al. $16.02 $2,230.72

Costanza, R., et al.
 

$2,127.01 $2,127.01

$2,126.43 $2,126.43

LAND COVER ECOSYSTEM SERVICE AUTHOR(S)
LOW  

$/ACRE/YEAR
HIGH  

$/ACRE/YEAR
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Emergent Herbaceous 
Wetland (continued)

Flood Protection 
(continued)

Gupta, T.R., and Foster, 
J.H.

$55.73 $445.84

U.S. Army Corps of 
Engineers 1971

$460.16 $460.16

Woodward, R., and Wui, 
Y.

$158.70 $3,115.16

Evergreen Forest
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Food Lampietti, J.A., and 
Dixon, J.A.

$31.73 $31.73

Water Regulation Adger, W.N., et al. $0.08 $0.08

Habitat and Nursery
 
 
 

Brander, L.M., et al.
 

$1.05 $7.23

$417.23 $3,844.50

Costanza, R., et al. $1.30 $670.45

Haener, M. K. and 
Adamowicz, W. L.

$0.97 $6.62

Recreation and Tourism
 
 
 
 
 
 

Barrick, K., et al. $6,445.98 $6,445.98

Boxall, P. C., et al. $0.22 $0.22

Costanza, R., et al. $0.44 $2,662.47

Haener, M. K. and 
Adamowicz, W. L.

$0.01 $0.06

Hanley N.D. $119.33 $119.33

Walsh et al. (1978) $41.80 $41.80

Wilson, S. J. $128.75 $128.75

Soil Erosion Control Moore, W.B $0.82 $0.82

Water Quality
 

Olewiler, N. $33.67 $33.67

Wilson, S. J. $208.90 $208.90

Biological Control Wilson, S. J. $11.45 $11.45

Energy and Raw 
Materials

Haener, M. K. and 
Adamowicz, W. L.

$3.89 $3.89

Flood Protection Wilson, S. J. $681.00 $681.00

Air Quality Wilson, S. J. $165.98 $165.98

Pollination
 
 

Costanza, R., et al. $72.79 $326.95

Wilson, S. J.
 

$426.51 $426.51

$236.68 $236.68

Grasslands Food US Dept of Comm (1995) $36.27 $36.27

 Water Regulation Jones, O.R., et al. $1.62 $1.62

 Recreation and Tourism Brookshire, D., et al. $0.31 $0.31

 Butler, L.D., and 
Workman, J.P

$4.62 $115.43

 Pearce, D. and Moran, D. $0.28 $0.28

 Pollination Wilson, S. J. $426.51 $426.51

LAND COVER ECOSYSTEM SERVICE AUTHOR(S)
LOW  

$/ACRE/YEAR
HIGH  

$/ACRE/YEAR
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Shrub Habitat and Nursery Costanza, R., et al. $0.65 $335.22

 Recreation and Tourism
 

Bennett, R., et. al. $194.75 $194.75

 Costanza, R., et al. $16.13 $1,347.13

 Pollination Costanza, R., et al. $1.39 $7.00

Woody Wetlands
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Water Regulation
 

Brander, L.M., , et al
 

$342.06 $342.06

$1,070.30 $1,070.30

Habitat and Nursery
 
 
 
 

Brander, L.M., et al. $38.89 $1,086.76

Meyer and Anderson 
1987

$14,490.32 $14,490.32

van Kooten, G. C. and 
Schmitz, A.
 

$2.53 $17.36

$40.03 $40.03

Wilson, S. J. $2,569.93 $2,569.93

Recreation and Tourism Gupta, T.R., and Foster, 
J.H.

$195.06 $390.11

 Kozak, J., et al. $543.62 $543.62

 Whitehead, J. C. $1,104.85 $7,158.99

Aesthetic Information
 

van Vuuren, W. and Roy, 
P.

$1,440.98 $1,440.98

Whitehead, J. C. $1,104.85 $7,158.99

Water Quality
 
 
 

Grossman, M. $8.21 $9.65

Jenkins, W.A., et al.
 

$546.47 $546.47

$582.78 $582.78

Thibodeau, F. R. and 
Ostro, B. D.

$5,693.90 $5,693.90

Flood Protection
 
 
 
 
 

Brander, L.M., , et al $3,149.05 $3,149.05

Leschine, T.M., et al. $2,000.78 $6,365.32

Loomis, J. and Elkstrand, 
E.

$1,619.89 $7,396.61

Qiu, Z., et al. $1,880.54 $5,982.79

Streiner, C., Loomis, J. $523.24 $523.24

Wilson, S. J. $1,779.86 $1,779.86

Pasture/Hay Habitat and Nursery
 

Bastian, C.T., et al.
 

$4.82 $4.82

 $1.94 $1.94

 Recreation and Tourism Boxall, P. C. $0.03 $0.03

 Soil Erosion Control
 

Canadian Urban Institute. $6.22 $6.22

 Wilson, S. J. $2.38 $2.38

 Aesthetic Information Bastian, C.T., et al. $5.20 $5.20

 Nutrient Cycling
 

Canadian Urban Institute. $23.86 $23.86

 Wilson, S. J. $10.01 $10.01

LAND COVER ECOSYSTEM SERVICE AUTHOR(S)
LOW  

$/ACRE/YEAR
HIGH  

$/ACRE/YEAR
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Soil Formation Canadian Urban Institute. $6.22 $6.22

 Pimentel, D., et al. $7.73 $7.73

 Wilson, S. J. $2.58 $2.58

Biological Control
 

Pimentel, D., et al. $18.55 $18.55

Wilson, S. J. $17.52 $17.52

Pollination Wilson, S. J. $426.51 $426.51

Desert Energy and Raw 
Materials

Delfino, K., et al. $29.22 $29.22

Grasslands
 
 
 

Habitat and Nursery Gascoigne, W.R., et al. $35.29 $35.29

Soil Erosion Control Gascoigne, W.R., et al. $7.27 $7.27

Aesthetic Information
 

Ready, R.C., et al. 
 

$0.01 $0.01

$0.01 $0.01

Urban Water Regulation
 
 
 
 

Birdsey, R.A. $196.78 $196.78

 McPherson, G.
 

$9.08 $9.08

 $9.09 $9.09

 Trust for Public Land
 

$143.26 $194.41

 $438.30 $438.30

 Recreation and Tourism
 
 
 
 
 

Bishop, K. $2,073.88 $2,324.41

 Brander, L.M., et al. $558.81 $6,567.48

 Breffle, W., et al. $11,426.81 $11,426.81

 Tyrvainen, L.
 
 

$1,452.41 $1,452.41

 $2,144.99 $2,144.99

 $4,257.60 $4,257.60

 Aesthetic Information Bolitzer and Netusil $15,545.87 $23,402.96

  McPherson, G.and 
Simpson

$353.25 $2,208.85

  Nowak, D.J., et al. 
 
 
 
 
 
 
 

$4,370.71 $6,441.04

  $5,179.05 $7,632.26

  $5,626.00 $8,290.95

  $5,896.07 $8,688.95

   $9,285.98

  $6,211.80 $9,154.24

  $7,472.80 $11,012.56

  $12,119.29 $17,860.02

  Opaluch, R.J. et al. $1,839.52 $3,180.55

  Qiu, Z., et al. $1,023.78 $1,345.61

  Thompson, R., et al. $135.15 $11,390.07

LAND COVER ECOSYSTEM SERVICE AUTHOR(S)
LOW  

$/ACRE/YEAR
HIGH  

$/ACRE/YEAR

 Pasture/Hay (continued)



EARTH ECONOMICS 76

 Urban (continued) Flood Protection McPherson, G.and 
Simpson

$91.41 $129.11

 Air Quality
 
 
 
 

Birdsey, R.A. $234.26 $234.26

 McPherson, E.G., et al. $31.95 $31.95

 McPherson, G.
 

$209.83 $209.83

 $209.96 $209.96

 McPherson, G.and 
Simpson

$79.83 $172.11

 Climate Stability McPherson, G. $1,238.19 $1,238.19

Cultivated
 

Recreation and Tourism
 

Costanza, R., et al. $31.79 $31.79

Knoche, S. and Lupi, F. $23.62 $27.65

Deciduous Forest
 
 
 

Recreation and Tourism
 

Bennett, R., et. al. $194.75 $194.75

Maxwell, S. $141.57 $188.75

Water Quality
 

Zhongwei, L.
 

$286.34 $286.34

$287.53 $287.53

Emergent Herbaceous 
Wetland
 
 
 
 
 

Food Woodward, R., and Wui, 
Y.

$192.58 $10,017.71

Habitat and Nursery Meyerhoff, J., and 
Dehnhardt, A.

$5,680.76 $9,356.54

Aesthetic Information
 

Mazzotta, M. $6,295.74 $14,924.14

Opaluch, R.J. et al. $7,436.08 $10,030.98

Flood Protection
 

Thibodeau, F. R. and 
Ostro, B. D.

$7,690.98 $7,690.98

U.S. Army Corps of 
Engineers 1976

$8,286.26 $8,286.26

Grasslands Soil Erosion Control
 
 
 

Rein, F. A.
 
 
 

$3,393.34 $3,393.34

 $39.31 $39.31

 $1,541.00 $1,541.00

 $226.43 $226.43

 Aesthetic Information
 
 
 

Mazzotta, M. $1,982.11 $3,731.04

 Opaluch, R.J. et al. 
 

$1,839.52 $3,180.55

 $4,882.34 $4,882.34

 Qiu, Z., et al. $255.13 $1,249.75

 Water Quality
 
 

Rein, F. A. $21,934.08 $21,934.08

 Zhongwei, L.
 

$6,759.91 $6,759.91

 $11,722.46 $11,722.46

 Biological Control
 

Rein, F. A.
 

$24.66 $24.66

 $314.49 $314.49

 Flood Protection Rein, F. A. $4,151.26 $4,151.26

LAND COVER ECOSYSTEM SERVICE AUTHOR(S)
LOW  

$/ACRE/YEAR
HIGH  

$/ACRE/YEAR
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 Grasslands (continued) Flood Protection Rein, F.A. $61.47 $271.42

Lake
 
 
 
 
 
 
 
 

Recreation and Tourism
 
 
 
 

Cordell, H. K. and 
Bergstrom, J. C.

$1,009.93 $1,987.94

Costanza, R., et al. $1.78 $2,016.79

Ribaudo, Marc , et al $762.53 $873.29

Ward, F. A., et al. $4,754.30 $4,754.30

Young, C. E. and Shortle, 
J. S.

$7.00 $7.00

Aesthetic Information
 

Berman, M.A., et al. $247.61 $247.61

Young, C. E. and Shortle, 
J. S.

$1.81 $1.81

Water Quality
 

Bouwes, N. W. and 
Scheider, R.

$1,529.16 $1,529.16

Young, C. E. and Shortle, 
J. S.

$2.30 $2.30

Riparian
 
 
 
 
 
 
 
 
 

Food
 

Knowler, D. J. et al. $793.95 $793.95

Knowler, D.J., et al. $17.77 $51.95

Habitat and Nursery
 
 
 
 

Amigues, J. P., et al. $732.84 $732.84

Berrens, R. P., et al. $4,416.03 $4,416.03

Berrens, R.P., et al. $37.13 $37.13

Haener, M. K. and 
Adamowicz, W. L.

$2.26 $15.48

Wu, J. Skelton-Groth, K. $141.71 $3,082.63

Recreation and Tourism
 

Everard, M. $15.69 $15.69

Lant, C. L. and Tobin, G. $202.13 $2,225.43

Flood Protection Zavaleta, E. $46.30 $64.01

River Water Regulation
 
 
 

Gibbons, D.C.
 
 
 

$2,848.97 $2,848.97

 $1,214.63 $2,124.01

 $737.68 $737.68

 $2,321.14 $2,321.14

 Recreation and Tourism
 
 
 
 

Loomis, John B., et al
 

$18.52 $23.00

 $77.33 $199.10

 Mathews, Leah Greden, 
et al

$14,481.01 $14,481.01

 Shafer, E. L., et al.
 

$4,689.06 $4,689.06

 $17,909.56 $17,909.56

 Aesthetic Information Berman et al. $507.28 $507.28

  Kulshreshtha, S. N. and 
Gillies, J. A.

$31.22 $862.15

LAND COVER ECOSYSTEM SERVICE AUTHOR(S)
LOW  

$/ACRE/YEAR
HIGH  

$/ACRE/YEAR
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 River (continued)
 

Aesthetic Information 
(continued) 
 

Rich, P. R. and Moffitt, 
L. J.

$8.12 $8.12

Sanders, L. D., et al. $12,453.45 $12,453.45

Woody Wetlands
 

Aesthetic Information Thibodeau, F. R. and 
Ostro, B. D.

$46.15 $147.67

Flood Protection Leschine, T.M., et al. $1,723.46 $7,869.53

LAND COVER ECOSYSTEM SERVICE AUTHOR(S)
LOW  

$/ACRE/YEAR
HIGH  

$/ACRE/YEAR



WATER AND NATURE:
ECONOMIC ENGINES OF THE COLORADO RIVER BASIN79

APPENDIX E 
VALUE TRANSFER STUDIES FULL REFERENCES
Adamowicz, W.L., Swait, J., Boxall, P., Louviere, J., and Williams, M., 1997. Perceptions versus objective 

measures of environmental quality in combined revealed and stated preference models of 
environmental valuation. Journal of Environmental Economics Management 32, 65–84.

Adger, W.N., Brown, K., Cervigini, R., Moran, D., 1995. Towards estimating total economic value of 
forests in Mexico. Centre for Social and Economic Research on the Global Environment, University of 
East Anglia and University College London, Working Paper 94-21.

Alberta-Pacific Forest Industries Inc., 1997. Detailed forest management plan (April 30, 1997 Draft). 
Alberta-Pacific Forest Industries Inc., Edmonton.

Allen, J., Cunningham, M., Greenwood, A., Rosenthal, L., 1992. The value of California wetlands: an 
analysis of their economic benefits. Campaign to Save California Wetlands, Oakland, California.

Amigues, J. P., Boulatoff, C., Desaigues, B., Gauthier, C., Keith, J.E., 2002. The benefits and costs of 
riparian analysis habitat preservation: a willingness to accept/willingness to pay contingent valuation 
approach. Ecological Economics 43, 17-31.

Barrick, Kenneth A, Beazley, Ronald l., 1990. Magnitude and Distribution of Option Value for the 
Washakie Wilderness, Northwest Wyoming, USA. Environmental Management 14(3), 367-380. 
Transcribed by Allen Posewitz, reviewed by Angela Fletcher.

Bennett, R., Tranter, R., Beard, N., Jones, P., 1995. The value of footpath provision in the countryside: 
a case-study of public access to urban fringe woodland. Journal of Environmental Planning and 
Management 38, 409-417.

Bergstrom, J. C., Dillman, B.L., Stoll, J.R., 1985. Public environmental amenity benefits of private land: 
the case of prime agricultural land. Southern Journal of Agricultural Economics 7 139-149.

Berman, Matthew, Armagost, Jeffrey., 2013. Contribution of Land Conservation and Freshwater 
Resources to Residential Property Values in the Matanuska-Susitna Borough. http://www.iser.uaa.
alaska.edu/Publications/2013_02-PropertyValues.pdf (Retrieved April, 2014)

Berrens, R. P., Ganderton, P., Silva, C.L., 1996. Valuing the protection of minimum instream flows in New 
Mexico. Journal of Agricultural and Resource Economics 21, 294-308.

Birdsey, R.A., 1996. Regional Estimates of Timber Volume and Forest Carbon for Fully Stocked 
Timberland, Average Management After Final Clearcut Harvest, in: R.N. Sampson and D. Hair (Eds.), 
Forests and Global Change: Volume 2, Forest Management Opportunities for Mitigating Carbon 
Emissions. American Forests, Washington, DC.

Bishop, K., 1992. Assessing the benefits of community forests: An evaluation of the recreational use 
benefits of two urban fringe woodlands. Journal of Environmental Planning and Management 35, 63-
76.

Bolitzer, B., Netusil, N. R., 2000. The impact of open spaces on property values in Portland, Oregon. 
Journal of Environmental Management 59(3), 185-193.

Bouwes, N. W., Scheider, R., 1979. Procedures in estimating benefits of water quality change. American 
Journal of Agricultural Economics 61, 635-639.



EARTH ECONOMICS 80

Boxall, P. C., 1995. The economic value of lottery-rationed recreational hunting. Canadian Journal of 
Agricultural Economics-Revue Canadienne D Economie Rurale 43 119-131.

Boxall, P. C., McFarlane, B.L., Gartrell, M., 1996. An aggregate travel cost approach to valuing forest 
recreation at managed sites. Forestry Chronicle 72, 615-621.

Brander, Luke M, Koetse, Mark J., 2007. The Value of Urban Open Space: Meta-Analyses of Contingent 
Valuation and Hedonic Pricing Results. IVM Working Paper: I. 07/03.

Brander, Luke M., Florax, Raymond J.G.M., Vermaat, Jan E., 2006. The Empirics of Wetland Valuation: 
A Comprehensive Summary and a Meta-Analysis of the Literature. Environmental and Resource 
Economics 33(2), 223-250. Transcribed by Allen Posewitz and Cameron Otsuka, reviewed by Zachary 
Christin.

Breffle, W., Morey, E. Lodder, T., 1997. Using Contingent Valuation to Estimate a Neighborhood’s 
Willingness to Pay to Preserve Undeveloped Urban Land. University of Colorado, Department of 
Economics, 1-29. http://www.colorado.edu/economics/morey/4535/cunning.pdf (Retrieved April, 
2014)

Brookshire, D., Thayer, M.A., Schulze, W.D., D’Arge, R.C., 1982. Valuing public goods: a comparison of 
survey and hedonic approach. American Economic Review 72(1), 165-177.

Brouwer, R., Langford, I. H., Bateman, I.J., Turner, R.K., 1999. A meta-analysis of wetland contingent 
valuation studies. Regional Environmental Change 1(1), 47-57. 

Butler, Larry D., Workman, John P., 1993. Fee hunting in the Texas Trans Pecos area: A descriptive and 
economic analysis. The Journal of Range Management 46(1), 38-42. 

Canadian Urban Institute, 2006. Nature Counts: Valuing Southern Ontario’s Natural Heritage. Toronto, 
Canada. http://www.canurb.com/media/pdf/Nature_Counts_rschpaper_FINAL. (Retrieved April, 2014)

Cleveland, C.J. Betke, M. Federico, P., Frank, J.D., Hallam, T.G., Horn, J., Lopez, Juan D.J., McCracken, 
G.F., Medellin, R.A., Moreno-Valdez, A., Sansone, C.G., Westbrook, J.K., Kunz, T.H., 2006. Economic 
value of the pest control service provided by Brazilian free-tailed bats in south-central Texas. Frontiers 
in Ecology and the Environment 4(5), 238-243.

Cooper, J., Loomis, J. B., 1991. Economic value of wildlife resources in the San Joaquin Valley: Hunting 
and viewing values. In Economic and Management of Water and Drainage, in: Diner and Zilberman 
(Eds.), Agriculture, Vol. 23. Kluwer Academic Publishers.

Cordell, H. K., Bergstrom, J.C., 1993. Comparison of recreation use values among alternative reservoir 
water level management scenarios. Water Resources Research 29, 247-258.

Costanza, R, d’Arge, R., deGroot, R., Farber, S., Grasso, M., Hannon, B., Limburg, K., Naeem, S., O’Neill, 
RV., Paruelo, J., Raskin, RG., Sutton, P., van den Belt, M., 1997. The value of the world’s ecosystem 
services and natural capital. Nature 387, 253-260.

de Groot, R.S., 1992. Functions of nature: Evaluation of nature in environmental planning, management, 
and decision making. Wolters-Noordhoff, Groningen. 

Delfino, Kim, Skuja, Mike, Albers, D’Anne., 2007. Economic Oasis: Revealing the True Value of the 
Mojave Desert. This study reviewed the ways the Mojave desert contributes to the economy. http://
www.defenders.org/sites/default/files/publications/economic_oasis.pdf (Retrieved April, 2014)

Everard, M., 2009. Ecosystem Services Case Studies. Environment Agency. UK. 

Farber, S., Costanza, R., 1987. The economic value of wetlands systems. Journal of Environmental 
Management 24, 41-51.



WATER AND NATURE:
ECONOMIC ENGINES OF THE COLORADO RIVER BASIN81

Faux, John, Perry, Gregory M., 1999. Estimating Irrigation Water Value Using Hedonic Price Analysis: A 
Case Study in Malheur County Oregon. Land Economics 75(3), 440-452.

Gascoigne, W.R., Hoag, D., Koontz, L., Tangen, B.A., Shaffer, T.L., Gleason, R.A., 2011. Valuing ecosystem 
and economic services across land-use scenarios in the Prairie Pothole Region of the Dakotas, USA. 
Ecological Economics 70(10). 

Gibbons, D. C., 1986. The economic value of water. A Study from Resources for the Future. The John 
Hopkins University Press, Washington D.C.

Gosselink, J. G., Odum, E.P., Pope, R.M., 1974. The value of the tidal marsh. Center for Wetland 
Resources, Louisiana State University, Baton Rouge, Louisiana.

Gren, I.M., Soderqvist, T., 1994. Economic valuation of wetlands: a survey. Beijer International Institute of 
Ecological Economics. Beijer Discussion Paper series. 54. Stockholm, Sweden.

Grossmann, Malte, 2012. Economic value of the nutrient retention function of restored floodplain 
wetlands in the Elbe River basin. Ecological Economics 83, 108-117.

Gupta, T. R., Foster, J.H., 1975. Economic criteria for freshwater wetland policy in Massachusetts. 
American Journal of Agricultural Economics 57, 40-45.

Haener, M.K. 1998. Regional forest resource accounting: a northern Alberta case study incorporating fire 
and price risk. M.Sc. thesis, Department of Rural Economy, University of Alberta, Edmonton.

Hanley, N. D. 1989. Contingent valuation as a method for valuing changes in environmental services 
flows. Paper presented at the University of Uppsala, Uppsala, Sweden.

Hauser, A., Cornelis van Kooten, G., 1993. Benefits of Improving Water Quality in the Abbotsford aquifer: 
An application of contingent valuation methods. http://research.rem.sfu.ca/frap/9340.pdf (Retrieved 
April, 2014)

Howe, C. W., Easter, K.W., 1971. Interbasin transfer of water: Economic issues and impacts. The Johns 
Hopkins Press, Baltimore.

Jenkins, W.A., Murray, B.C., Kramer, R.A., Faulkner, S.P., 2010. Valuing ecosystem services from wetlands 
restoration in the Mississippi Alluvial Valley. Ecological Economics 69, 1051-1061. 

Jones, O. R., Eck, H.V., Smith, S.J., Coleman, G.A., Hauser, V.L., 1985. Runoff, soil, and nutrient losses 
from rangeland and dry-farmed cropland in the southern high plains. Journal of Soil and Water 
Conservation 1, 161-164.

Knoche, S. and Lupi, F., 2007. Valuing deer hunting ecosystem services from farm landscapes. Ecological 
Economics 64, 313-320.

Knowler, D.J., MacGregor, B.W., Bradford, M.J., Peterman, R.M., 2003. Valuing freshwater salmon habitat 
on the west coast of Canada. Journal of Environmental Management 69, 261–273.

Kozak, J., Lant, C., Shaikh, S., Wang, G., 2011. The geography of ecosystem service value: The case of 
the Des Plaines and Cache River wetlands, Illinois. Applied Geography 31, 303-311.

Kreutzwiser, R., 1981. The economic significance of the long point marsh, Lake Erie, as a recreational 
resource. Journal of Great Lakes Resources 7, 105-110.

Krieger, D.J., 2001. Economic value of forest ecosystem services: A review. The Wilderness Society, 
Washington, D.C. http://www.wilderness.org/Library/Documents/upload/Economic-Value-of-Forest-
Ecosystem-Services-A-Review.pdf (Retrieved April, 2014)



EARTH ECONOMICS 82

Kulshreshtha, S. N., Gillies, J.A., 1993. Economic-evaluation of aesthetic amenities - a case-study of river 
view. Water Resources Bulletin 29, 257-266.

Lampietti, J.A., Dixon, J.A., 1995. To see the forest for the trees: a guide to non-timber forest benefits. 
The World Bank. Environmental Economics Series 013, Washington, D.C.

Lant, C. L., Roberts, R.S., 1990. Greenbelts in the corn-belt - riparian wetlands, intrinsic values, and 
market failure. Environment and Planning 22, 1375-1388.

Lant, C. L., Tobin, G., 1989. The economic value of riparian corridors in cornbelt floodplains: a research 
framework. Professional Geographer 41, 337-349.

Leschine, T. M., Wellman, K.F., Green, T.H., 1997. Wetlands’ Role in Flood Protection. October 1997. 
Report prepared for: Washington State Department of Ecology Publication No. 97-100. http://www.
ecy.wa.gov/pubs/97100.pdf (Retrieved April, 2014)

Loomis, J., 1991. Willingness to Pay to Protect Wetlands and Reduce Wildlife Contamination from 
Agricultural Drainage, in: Dinar, A., Zilberman, D. (Eds.), The Economics and Management of Water 
and Drainage in Agriculture. Kluwer Academic Publishers. 1991. 

Loomis, John, Ekstrand, Earl, 1998. Alternative approaches for incorporating respondent uncertainty 
when estimating willingness to pay: the case of the Mexican spotted owl. Ecological Economics 27(1), 
29-41.

Mahan, B.L., Polasky, S., Adams, R.M. 2000. Valuing urban wetlands: a property price approach. Land 
Economics 76, 100-113.

Mates. W., Reyes, J., 2004. The economic value of New Jersey state parks and forests. New Jersey 
Department of Environmental Protection, New Jersey. http://www.nj.gov/dep/dsr/economics/parks-
report.pdf (Retrieved April, 2014)

Maxwell, S., 1994. Valuation of rural environmental improvements using contingent valuation 
methodology: a case study of the Martson Vale Community Forest Project. Journal of Environmental 
Management 41, 385-399.

Mazzotta, M., 1996. Measuring Public Values and Priorities for Natural Resources: An Application to the 
Peconic Estuary System. University of Rhode Island.

McPherson, E. G., Scott, K.I., Simpson, J.R., 1998. Estimating cost effectiveness of residential yard trees 
for improving air quality in Sacramento, California, using existing models. Atmospheric Environment 
32, 75-84.

McPherson, G., 1992. Accounting for benefits and costs of urban greenspace. Landscape and Urban 
Planning, 22.

McPherson, G., Simpson, J.R., 2002. A Comparison of Municipal Forest Benefits and Costs in Modesto 
and Santa Monica, California, USA. Urban Forestry 1(2), 61-74. 

McPherson, Gregory E. 1992. Accounting for benefits and costs of urban greenspace. Landscape and 
Urban Planning 22, 41-51.

Meyer, P. Anderson, S. 1987. Economic Non-Market Evaluation of Losses to Fish, Wildlife, and Other 
Environmental Resources. The Bay Institute of San Francisco. 

Meyerhoff, Jurgen, Dehnhardt, Alexandra, 2007. The European Water Framework Directive and 
Economic Valuation of Wetlands: the Restoration of Floodplains along the River Elbe. https://www.
landschaftsoekonomie.tu-berlin.de/fileadmin/a0731/uploads/publikationen/workingpapers/wp01104.
pdf (Retrieved April, 2014) Transcribed by Allen Posewitz, reviewed by Angela Fletcher.



WATER AND NATURE:
ECONOMIC ENGINES OF THE COLORADO RIVER BASIN83

Moore, Walter B., 1987. Off-Site Costs of Soil Erosion: A Case Study in the Willamette Valley. Western 
Journal of Agricultural Economics 12(1), 42-49. 

Nowak, D.J., Crane, D.E., Dwyer, J.F., 2002. Compensatory Value of Urban Trees in the United States. 
Journal of Arboriculture 28(4), 194-199. 

Olewiler, N., 2004. The value of natural capital in settled areas of Canada. Ducks Unlimited Canada and 
the Nature Conservancy of Canada. http://www.ducks.ca/aboutduc/news/archives/pdf/ncapital.pdf. 
(Retrieved April, 2014)

Opaluch, J., Grigalunas, T., Mazzotta, M., Johnston, R., Diamantedes, J., 1999. Recreational and Resource 
Economic Values for the Peconic Estuary, prepared for the Peconic Estuary Program. Peace Dale, RI: 
Economic Analysis Inc.

Oster, S., 1977. Survey results on the benefits of water pollution abatement in the Merrimack River Basin. 
Water Resources Research 13, 882-884.

Pearce, D., Moran, D., 1994. The economic value of biodiversity. Earthscan Publication, London.

Pimentel, D., 1998. Benefits of biological diversity in the state of Maryland. Cornell University, College of 
Agricultural and Life Sciences. Ithaca, New York.

Pimentel, D., Harvey, C., Resosudarmo, P., Sinclair, K., Kurz, D., McNair, M., Crist, S., Sphpritz, P., Fitton, 
L., Saffouri, R., Blair, R., 1995. Environmental and economic costs of soil erosion and conservation 
benefits. Science 267, 1117-1123.

Pimentel, D., Wilson, C., McCullum, C., Huang, R., Owen, P., Flack, J., Trand, Q., Saltman, T., Cliff. B., 
1997. Economic and Environmental Benefits of Biodiversity. BioScience 47, 747-757.

Piper, S., 1997. Regional impacts and benefits of water-based activities: an application in the Black Hills 
region of South Dakota and Wyoming. Impact Assessment 15, 335-359.

Prince, R., Ahmed, E., 1989. Estimating individual recreation benefits under congestion and uncertainty. 
Journal of Leisure Research 21, 61-76.

Qiu, Z., Prato, T., Boehm, G., 2006. Economic Valuation of Riparian Buffer and Open Space in a Suburban 
Watershed. Journal of the American Resources Association 42(6) 1583–1596. 

Qiu, Zeyuan, Prato, Tony., 1998. Economic Evaluation of Riparian Buffers in an Agricultural Watershed. 
Journal of the American Water Resources Association 34(4), 877-890. Transcribed by Joanna Kraft, 
reviewed by Angela Fletcher.

Ready, R.C., Berger, M.C., Blomquist, G.C., 1997. Measuring Amenity Benefits from Farmland: Hedonic 
Pricing vs. Contingent Valuation. Growth and Change 28(4), 438-458. 

Rein, F. A., 1999. An economic analysis of vegetative buffer strip implementation - Case study: Elkhorn 
Slough, Monterey Bay, California. Coastal Management 27, 377-390.

Rich, P. R., Moffitt, L.J., 1982. Benefits of pollution-control on Massachusetts Housatonic River - a hedonic 
pricing approach. Water Resources Bulletin 18, 1033-1037.

Richer, J., 1995. Willingness to Pay for Desert Protection. Contemporary Economic Policy 13(4), 93-104.

Ricketts, T.H., Daily, G.C., Ehrlich, P.R., Michener, C.D., 2004. Economic value of tropical forest to coffee 
production. Proceedings of the National Academy of Sciences 101, 12579-12582

Sanders, L. D., Walsh, R.G., Loomis, J.B., 1990. Toward empirical estimation of the total value of 
protecting rivers. Water Resources Research 26, 1345-1357.



EARTH ECONOMICS 84

Sandhu, H.S., Wratten, S.D., Cullen, R., Case, B., 2008. The future of farming: The value of ecosystem 
services in conventional and organic arable land. An experimental approach. Ecological Economics 
64(4), 835-848.

Shafer, E. L., Carline, R., Guldin, R.W., Cordell, H.K., 1993. Economic amenity values of wildlife - 6 case-
studies in Pennsylvania. Environmental Management 17, 669-682.

Standiford, R., Huntsinger, L., 2012. Valuing forestland environmental services: a case study for 
California’s Oak Woodlands. http://nature.berkeley.edu/~standifo/standifo/Publications_files/
Standiford%20Environmental%20Services.pdf (Retrieved April, 2014)

Stoll, J. Bergstrom, J., Titre, J. 1989. Regional Valuation Models for Wetland Recreational Benefits, in: 
Boyle and Heekin (Eds.) Benefits and Costs in Natural Resource Planning. University of Maine, Orono, 
ME.

Streiner, C., Loomis, J., 1995. Estimating the Benefits of Urban Stream Restoration Using the Hedonic 
Price Methods. Rivers 5(4), 267-278.

Thibodeau, F. R., Ostro, B.D., 1981. An economic analysis of wetland protection. Journal of 
Environmental Management 19. 72-79.

Thompson, R., Hanna, R., Noel., Piirto, D., 1999. Valuation of the tree aesthetics on small urban-interface 
properties. Journal of Arboriculture 25(5). 

Trust for Public Land, 2010. The Economic Benefits and Fiscal Impact of Parks and Open Space in Nassau 
and Suffolk Counties, New York. http://cloud.tpl.org/pubs/ccpe--nassau-county-park-benefits.pdf 
(Retrieved April, 2014)

Trust for Public Land, 2011. The Economic Benefits of Seattle’s Park and Recreation System. http://cloud.
tpl.org/pubs/ccpe-seattle-park-benefits-report.pdf (Retrieved April, 2014)

Tyrvainen, L., 2001. Economic valuation of urban forest benefits in Finland. Journal of Environmental 
Management 62, 75-92.

US Army Corps of Engineers, 1971. Charles River Massachusetts, Main Report and Attachments. New 
England Division. Waltham, MA.

US Army Corps of Engineers, 1976. Charles River Massachusetts. New England Division, Waltham, MA.

US Department of Commerce, 1995. Census of Agriculture 1992. Washington DC, Bureau of Census.

van Kooten, G.C., Schmitz, A., 1992. Preserving Waterfowl Habitat on the Canadian Prairies: Economic 
Incentives Versus Moral Suasion. American Journal of Agricultural Economics 74, 79-89.

van Vuuren, W., Roy, P., 1993. Private and social returns from wetland preservation versus those from 
wetland conversion to agriculture. Ecological Economics, 8(3), 289-305.

Wade, William W, McCollister, George M, McCann, Richard J, Johns, Grace M., 1989. Recreation Benefits 
for California Reservoirs: A multi-scale facilities-augmented gravity travel cost model. Report. 1-32.

Walsh, R. G., Greenley, D.A., Young, R.A., 1978. Option values, preservation values, and recreational 
benefits of improved water quality: a case study of the South Platte River Basin, Colorado. EPA., 
Report no. 600/5-78-001. USA. 

Ward, F.A., Roach, B.A., Henderson, J.E., 1996. The economic value of water in recreation: Evidence from 
the California drought. Water Resources Research 32, 1075-1081.

Whitehead, J. C., 1990. Measuring willingness-to-pay for wetlands preservation with the contingent 
valuation method. Wetlands 10, 187-201.



WATER AND NATURE:
ECONOMIC ENGINES OF THE COLORADO RIVER BASIN85

Whitehead, J. C., Groothuis, P. A., Southwick, R., Foster-Turley, P., 2009. Measuring the economic benefits 
of Saginaw Bay coastal marsh with revealed and stated preference methods. Journal of Great Lakes 
Research, 35(3), 430–437.

Whitehead, John C., 1990. Measuring willingness-to-pay for wetlands preservation with the contingent 
valuation method. Wetlands 10, 187-201.

Willis, K G., 1991. The recreational value of the forestry commission estate in Great Britain - a Clawson-
Knetsch travel cost analysis. Scottish Journal of Political Economy 38, 58-75.

Wilson, S.J., 2008. Ontario’s wealth, Canada’s future: Appreciating the value of the Greenbelt’s eco-
services. David Suzuki Foundation, Vancouver, Canada. Http://www.davidsuzuki.org/Publications/
Ontarios_Wealth_Canadas_Future.asp. (Retrieved April, 2014)

Winfree, R., Gross, B., Kremen, C., 2011. Valuing pollination services to agriculture. Ecological Economics 
71, 80-88.

Woodward, R., Wui, Y., 2001. The economic value of wetland services: a meta-analysis. Ecological 
Economics 37, 257-270.

Wu, J., Skelton-Groth, K., 2002. Targeting conservation efforts in the presence of threshold effects and 
ecosystem linkages. Ecological Economics 42(2), 313-331. 

Young, C.E., Shortle, J.S., 1989. Benefits and costs of agricultural nonpoint-source pollution controls: the 
case of St. Albans Bay. Journal of Soil and Water Conservation 44, 64-67.

Zavaleta, E., 2000. The Economic Value of Controlling an Invasive Shrub. A Journal of the Human 
Environment 29(8), 462-467. http://www.bioone.org/doi/full/10.1579/0044-7447-29.8.462 (Retrieved 
April, 2014)

Zhongwei, L., 2006. Water Quality Simulation and Economic Valuation of Riparian Land-Use Changes. 
University of Cincinnati.

Zhou, X, Al-Kaisi, M, Helmers, J M., 2009. Cost effectiveness of conservation practices in controlling 
water erosion in Iowa. Soil and Tillage Research 106(1), 71-78.



EARTH ECONOMICS 86

REFERENCES 

1  United States Census Bureau, 2013. State & County QuickFacts. http://quickfacts.census.gov/qfd/
index.html    (Retrieved February, 2014)

2 United States Census Bureau, 2013. State & County QuickFacts. http://quickfacts.census.gov/qfd/
index.html# (Retrieved February, 2014)

3 Greater Phoenix Convention & Visitors Bureau, 2014. Greater Phoenix Overview. http://www.
visitphoenix.com/media/media-kit/greater-phoenix-overview/index.aspx (Retrieved February, 
2014)

4 The Colorado College, 2011. The Colorado River Basin: An Overview. State of the Rockies 
Project. http://www.coloradocollege.edu/dotAsset/5e9b804b-9bf4-458a-bd30-9095cc05019a.pdf 
(Retrieved June, 2014)

5 Blen, D. W., Poff, N.L., 2005. Chapter 11, Colorado River Basin, in: Benke, A.C., Cushing, C.E. 
(Eds.), Rivers of North America, Elsevier Academic Press, Amsterdam 2005, p. 483-538.

6 Hunt, C. B., 1974. Natural Regions of the United States and Canada. W. H. Freeman and 
Company, San Francisco.

7 Madole, R. F., Bradley, W.C., Loewenherz, D.S., Ritter, D., Rutter, N.S., Thorn, C.E., 1987. Chapter 
7, Rocky Mountains, in W. L. Graf (Eds.), Geomorphic Systems of North America, Geological 
Society of America centennial Special Volume 2, Geological Society of America, Boulder, p. 211- 
257.

8 Graf, W. L., R. Hereford, J. Laity, R.A. Young. 1987. Chapter 8, Colorado Plateau, in W. L. Graf 
(Ed.), Geomorphic Systems of North America, Geological Society of America centennial Special 
Volume 2, CO: Geological Society of America, Boulder, p. 259-302.

9 Dohrenwend, J. C., 1987. Chapter 9, Basin and Range, in W. L. Graf (ed.), Geomorphic Systems 
of North America, Geological Society of America centennial Special Volume 2, CO: Geological 
Society of America, Boulder, p. 303-343.

10 Dynesius, M., Nilsson, C., 1994. Fragmentation and flow regulation of river systems in the northern 
third of the world, Science 266: 15-28. Summary data from Benke and Cushing. 2005

11 Graf, W. L., 1985. Mercury Transport in Stream Sediments of the Colorado Plateau, Annals of the 
Association of American Geographers 75, 552-565.

12 Graf, W. L., 1985. Mercury Transport in Stream Sediments of the Colorado Plateau, Annals of the 
Association of American Geographers 75, 552-565.

13 Graf, W. L., 1999. Dam Nation: A Geographic Census of American Dams and Their Large-Scale 
Hydrologic Impacts. Water Resources Research 35, 1305-1311.

14 Dinerstein, T. H., Olson, D. M., Eichbaum, W., DellaSala, D., Kavanagh, K., Hedao, P., Hurley, P. T., 
Carney, K. M., Abell, R., Walters, R., 1999. Terrestrial Ecoregions of North America: A Conservation 
Assessment, Island Press, Washington, DC.

15 United States Forest Service, 2014. Tonto National Forest – Home. http://www.fs.usda.
gov/wps/portal/fsinternet/!ut/p/ c4/04_SB8K8xLLM9MSSzPy8xBz9CP0os3gjAwhwtDDw9_
AI8zPyhQoY6BdkOyoCAGixyPg!/?navtype=BROWSEBYSUBJECT&cid=fsbdev3_
018924&navid=091000000000000&pnavid=null&ss=110312&position=Welcome.Html&ttype=
detail&pname=Tonto%20National%20Forest-%20Home/naturalResources/
fisheries-rec-lakes-roosevelt-index.shtml (Retrieved May, 2014)



WATER AND NATURE:
ECONOMIC ENGINES OF THE COLORADO RIVER BASIN87

16 US Bureau of Reclamation, 2012. Colorado River Basin Supply and Demand Study, Executive 
Summary, Pre-Publication Copy. US Bureau of Reclamation, Denver, CO.

17 Cohen, M., Christian-Smith, J., and Berggren, J., 2013. Water to Supply the Land: Irrigated 
Agriculture in the Colorado River Basin. http://pacinst.org//wp-content/uploads/sites/21/2013/05/
pacinst-crb-ag.pdf (Retrieved February, 2014)

18 Schaible, Glenn D., and Marcel P. Aillery, 2012. Water Conservation in Irrigated Agriculture: 
Trends and Challenges in the Face of Emerging Demands, EIB-99, US Department of Agriculture, 
Economic Research Service. http://www.ers.usda.gov/media/884158/eib99.pdf (Retrieved 
February, 2014)

19 United Stated Department of Agriculture, 2011. State Agriculture Overview: Arizona. http://www.
nass.usda.gov/Statistics_by_State/Ag_Overview/AgOverview_AZ.pdf. (Retrieved February, 2014)

20 Visit Yuma Arizona, 2014. Agritourism. http://www.visityuma.com/agritourism.html (Retrieved 
February, 2014)

21 Palumbo, John C., 2012. Winter Weather Conditions for Yuma County, 2011-2012. http://cals.
arizona.edu/crops/pdfs/2012%20Winter%20Weather%20Patterns.pdf (Retrieved February, 2014)

22 Cohen, M., Christian-Smith, J., and Berggren, J., 2013. Water to Supply the Land: Irrigated 
Agriculture in the Colorado River Basin. http://pacinst.org//wp-content/uploads/sites/21/2013/05/
pacinst-crb-ag.pdf (Retrieved February, 2014)

23 Bureau of Reclamation, 2012. Colorado River Basin: Water Supply and Demand Study. http://www.
usbr.gov/lc/region/programs/crbstudy/finalreport/Executive%20Summary/Executive_Summary_
FINAL_Dec2012.pdf (Retrieved February, 2014)

24 Cohen, Michael, 2011. Municipal Deliveries of Colorado River Basin Water. Pacific Institute. http://
www2.pacinst.org/reports/co_river_municipal_deliveries/crb_water_6_27_2011.pdf (Retrieved 
February, 2014)

25 Northern Colorado Water Conservancy District, 2014. Adams Tunnel West Portal. http://www.
northernwater.org/WaterProjects/WestPortal.aspx (Retrieved February, 2014)

26 Long Beach Water Department, 2014. Sources of Water. http://www.lbwater.org/sources-water 
(Retrieved February, 2014)

27 Cohen, M., Christian-Smith, J., and Berggren, J., 2013. Water to Supply the Land: Irrigated 
Agriculture in the Colorado River Basin. http://pacinst.org//wp-content/uploads/sites/21/2013/05/
pacinst-crb-ag.pdf (Retrieved February, 2014)

28 United States Department of the Interior; Bureau of Reclamation. 2012. Boulder Canyon 
Project – All-American Canal System. https://www.usbr.gov/projects/Project.jsp?proj_
Name=Boulder+Canyon+Project++-+All-American+Canal+System (Retrieved February, 2014)

29 Imperial County Farm Bureau, 2013. Quick Facts about Imperial County Agriculture. http://www.
co.imperial.ca.us/AirPollution/Forms%20&%20Documents/AGRICULTURE/QuickFactsAboutIVag.
pdf (Retrieved February, 2014)

30 United States Department of the Interior; Bureau of Reclamation, 2013. Colorado-Big Thompson 
Project. https://www.usbr.gov/projects/Project.jsp?proj_Name=Colorado-Big%20Thompson%20
Project (Retrieved February, 2014)

31 Center on Globalization Governance & Competitiveness, 2010. Agricultural Value Chains in 
the Mexicali Valley of Mexico: Main Producers and Buyers. http://www.cggc.duke.edu/pdfs/
Agricultural-Value-Chains-in-the-Mexicali-Valley-of-Mexico_9-15-2010.pdf (Retrieved February, 
2014)



EARTH ECONOMICS 88

32 United States Census Bureau. 2014. State & County QuickFacts. http://quickfacts.census.gov/qfd/
states/04000.html (Retrieved February, 2014)

33 Water Education Foundation, 2006. Where Does My Water Come From? Los Angeles. http://www.
water-ed.org/watersources/community.asp?rid=9&cid=562 (Retrieved February, 2014)

34 Los Angeles Department of Water and Power, 2013. Los Angeles Aqueduct. https://www.ladwp.
com/ladwp/faces/ladwp/aboutus/a-water/a-w-losangelesaqueduct/a-w-laa-factsandhistory;js
essionid=rMMQTLDQCvGHlKZrNknF1PFbqlThXJGQJX9KLSTJ1Bll2k5tnQHG!-103600491?_
afrLoop=569706902800290&_afrWindowMode=0&_afrWindowId=null#%40%3F_
afrWindowId%3Dnull%26_afrLoop%3D569706902800290%26_afrWindowMode%3D0%26_adf.
ctrl-state%3Ddi2cy4afi_4 (Retrieved February, 2014)

35 San Diego County Water Authority. 2014. Colorado River Supplies Management. http://www.
sdcwa.org/colorado-river-supplies-management (Retrieved February, 2014)

36 Denver Water, 2014. Water Rights Planning. http://www.denverwater.org/SupplyPlanning/
WaterRights (Retrieved February, 2014)  

37 Colorado River Water Users Association, 2013. Colorado River: Urban Uses. http://www.crwua.org/
colorado-river/uses/urban-uses (Retrieved February, 2014)

38 United States Department of Agriculture. 2012. The Four Corners Timber Harvest and Forest 
Products Industry, 2007. http://www.fs.fed.us/rm/pubs/rmrs_rb013.pdf (Retrieved February, 2014)

39 Arizona Mining Association, 2014. Key Facts. http://www.azmining.com/mining-in-az/key-facts 
(Retrieved February, 2014)

40 Colorado Mining Association, 2007. Colorado Mines. http://www.coloradomining.org/mc_
coloradomines.php (Retrieved February, 2014)

41 Colorado Mining Association, 2007. Mining Facts & Resources. http://www.coloradomining.org/
mc_miningfacts.php (Retrieved February, 2014)

42 The Denver Post, 2012. Energy Fuels to buy Utah’s White Mesa Uranium Mill. http://www.
denverpost.com/business/ci_20419970/energy-fuels-buy-utahs-white-mesa-uranium-mill 
(Retrieved February, 2014)

43 United States Geological Survey, 2009. Mining Water Withdrawals, 2005. http://water.usgs.gov/
edu/wateruse/pdf/wumining-2005.pdf (Retrieved February, 2014)

44 Landers D.H., Nahlik A.M., 2013. Final Ecosystem Goods and Services Classification System 
(FEGS-CS). EPA/600/R-13/ORD-004914. US Environmental Protection Agency, Office of Research 
and Development, Washington, D.C.

45 Bagstad, K., Johnson, G., Voigt, B., Villa, F., 2013. Spatial dynamics of ecosystem service flows: A 
comprehensive approach to quantifying actual services. Ecosystem Services 4, 117–125.

46 Pascual, U., and Muradian, R., 2010. The Economics of Valuing Ecosystem Services and 
Biodiversity. (Chapter 5) in: The Economics of Ecosystems and Biodiversity: The Ecological and 
Economic Foundation. www.teebweb.org/EcologicalandEconomicFoundation/tabid/1018/Default.
aspx (Retrieved April,2012)

47 Daly, H., Farley, J., 2004. Ecological Economics: Principles and Applications. Island Press, 
Washington D.C., p. 488.

48 Brander, L.M., Florax, R.J.G., and Vermaat, J.E., 2006. The Empirics of Wetland Valuation: A 
Comprehensive Summary and a Meta-Analysis of the Literature. Environmental & Resource 
Economics 33, 223-250.

49 US Bureau of Reclamation. Colorado River Basin Supply and Demand Study, Executive Summary, 
Pre-Publication Copy, US Bureau of Reclamation, Denver.



WATER AND NATURE:
ECONOMIC ENGINES OF THE COLORADO RIVER BASIN89

50 Arizona Department of Water Resources (ADWR). History. http://www.azwater.gov/AzDWR/
PublicInformationOfficer/history.htm (Retrieved February, 2014)

51 Job, C., 2009. Groundwater Economics. Chapter 16, Groundwater in the Future Balance. CRC 
Press.

52 Schlager, E.; Blomquist, W., 1999. A Comparative Institutional Analysis of Conjunctive 
Management Practices Among Three Southwestern States: Final Report, 1999. http://cfpub.epa.
gov/ncer_abstracts/index.cfm/fuseaction/display.abstractDetail/abstract/615/report/F (Retrieved 
February, 2014)

53 Hundley, N., 1986. The West Against Itself: The Colorado River—An Institutional History. In New 
Courses for the Colorado River: Major Issues for the Next Century, in: Weatherford, G., Brown, F.L. 
(Eds.), University of New Mexico Press, Albuquerque.

54 Bureau of Reclamation. 2012. Colorado River Basin: Water Supply and Demand Study. http://www.
usbr.gov/lc/region/programs/crbstudy/finalreport/Executive%20Summary/Executive_Summary_
FINAL_Dec2012.pdf (Retrieved February, 2014)

55 Cohen, Michael, 2011. Municipal Deliveries of Colorado River Basin Water. Pacific Institute. http://
www2.pacinst.org/reports/co_river_municipal_deliveries/crb_water_6_27_2011.pdf (Retrieved 
February, 2014)

56 OECD Observer, 2003. Pricing water. March. http://www.oecdobserver.org/news/archivestory.php/
aid/939/Pricing_water.html#sthash.CLKdmusa.dpuf (Retrieved February, 2014)

57 Ravilious, K., 2010. NASA Satellites Track Vanishing Groundwater. National Geographic. February.

58 Davis, S., 2013. Colorado River named nation's most endangered waterway. CBS News. April.

59 Daugovish, O., Klonsky, K., De Moura, R.L., 2011. Sample Costs to Produce Strawberries. 
University of California Cooperative Extension.

60 Powell, J. 2010. Calamity on the Colorado. Orion Magazine. July.

61 Powell, J. 2010. Calamity on the Colorado. Orion Magazine. July.

62 Southern Ute Indian Tribe, 2014. Living in La Plata County. http://www.southernute-nsn.gov/
natural-resources/lands/living-in-la-plata-county (Retrieved February, 2014)

63 US Environmental Protection Agency, 2009. Drinking Water Treatability Database 
- Uranium. http://iaspub.epa.gov/tdb/pages/contaminant/contaminantOverview.
do;jsessionid=44XyQTGpcHjP1TV59sSVdynb2x3JP
CBvRHtyQDTJjz0QYvyCyJh3!1437618363?contaminantId=10001 (Retrieved May, 2014)

64 Spahr, N.E., Apodaca, L.E., Deacon, J.R., Bails, J.B., Bauch, N.J., Smith, C.M., and Driver, N.E., 
2000, Water Quality in the Upper Colorado River Basin, Colorado, 1996–98: US Geological Survey 
Circular 1214, 33 p. http://pubs.water.usgs.gov/circ1214/ (Retrieved February, 2014)

65 US Environmental Protection Agency, 2009. Drinking Water Treatability Database 
- Uranium. http://iaspub.epa.gov/tdb/pages/contaminant/contaminantOverview.
do;jsessionid=44XyQTGpcHjP1TV59sSVdynb2x3JP
CBvRHtyQDTJjz0QYvyCyJh3!1437618363?contaminantId=10001 (Retrieved May, 2014)

66 Impaired waterway designations in Arizona are available from the EPA: http://iaspub.epa.gov/
waters10/attains_state.report_control (Retrieved February, 2014)

67 US EPA, 2008. Drinking Water Costs and Federal Funding. http://water.epa.gov/lawsregs/
guidance/sdwa/upload/2009_08_28_sdwa_fs_30ann_dwsrf_web.pdf (Retrieved March, 2014)



EARTH ECONOMICS 90

68 US EPA Office of Wastewater Management, 2008. Municipal Nutrient Removal Technologies 
Reference Document: Volume 1 - Technical Report. http://water.epa.gov/scitech/wastetech/
upload/mnrt-volume1.pdf (Retrieved March, 2014)

69 Lohman, E. US Department of Reclamation. Yuma Desalting Plant. http://www.swhydro.arizona.
edu/archive/V2_N3/feature5.pdf (Retrieved March, 2014)

70 US Bureau of Reclamation. Yuma Desalting Plant Pilot Run Final Report. http://www.usbr.gov/lc/
yuma/facilities/ydp/YDPPilotRunFinal072712.pdf (Retrieved March, 2014)

71 US Census Bureau, 2014. Census Interactive Population Search. http://census.gov (Retrieved 
February, 2014)

72 City of Phoenix, 2014. Stormwater Program. http://phoenix.gov/waterservices/esd/stormwater/
index.html, (Retrieved June, 2014)

73 United State Environmental Protection Agency, City of Phoenix, 2013. City of Green Infrastructure 
Barriers and Opportunities in Phoenix, Arizona: An Evaluation of Local Codes and Ordinances. 
http://water.epa.gov/infrastructure/greeninfrastructure/upload/Phoenix_GI_Evaluation.pdf 
(Retrieved June, 2014)

74 McCloskey, Y., 2013. Red Cliffs Recreation Area Closed Due to Flood Damage. Bureau of 
Land Management. National System of Public Lands. http://www.blm.gov/ut/st/en/info/
newsroom/2013/july/nr_7-22-13.html (Retrieved February, 2014)

75 Green-Miner, B., 2013. Rainy Weather, Flooding in Southern Utah. Fox News. http://fox13now.
com/2013/07/26/rainy-weather-flooding-in-southern-utah/ (Retrieved March, 2014)

76 The Weather Channel, 2013. New Mexico Flooding Update: Man's Body Found in Flood Debris. 
http://www.weather.com/news/new-mexico-flooding-update-20130918 (Retrieved February, 2014)

77 Devone-Pacheco, C., 2011.  2011 Arizona WUI/wildland Fires. http://www.firefighternation.com/
article/wildland/2011-arizona-wuiwildland-fires (Retrieved February, 2014)

78 Cooper, C.F., 1961. Changes in vegetation, structure, and growth of south-western pine forests 
since white settlement. Ecology 42, 493-499. doi: 10.2307/1932235

79 Covington, W.W., Moore, M.M., 1994. South-western ponderosa forest structure: changes since 
Euro-American settlement. Journal of Forestry 42, 39-47.

80 Westerling, A.L., Hidalgo, H.G., Cayan, D.R., Swetnam, T.W., 2006. Warming and earlier spring 
increase western US forest wildfire activity. Science 313, 940–943. doi:10.1126/SCIENCE.1128834

81 Finney, M.A., McHugh, C.W., Grenfell I.C., 2005. Stand- and Landscape-level effects or prescribed 
burning on two Arizona wildfires. Canadian Journal of Forest Research 35, 1714-1722. doi: 
10.1139/X05-090.

82 Finney, M.A., McHugh, C.W., Grenfell I.C., 2005. Stand- and Landscape-level effects or prescribed 
burning on two Arizona wildfires. Canadian Journal of Forest Research 35, 1714-1722, doi: 
10.1139/X05-090.

83 Batker, D., Christin, Z., Schmidt, R., de la Torre, I., 2013. The Economic Impact of the Rim Fire on 
Natural Lands. Preliminary Assessment. Earth Economics.

84 Cook, T., 2011. Releasing a flood of controversy on the Colorado River. Earth Magazine. March.  

85 Miller, M., Bowker, M., Reynolds, R., Goldstein, H., 2012. Post-fire land treatments and wind 
erosion – Lessons from the Milford Flat Fire, UT, USA. Aeolian Research 7, 29-44. 



WATER AND NATURE:
ECONOMIC ENGINES OF THE COLORADO RIVER BASIN91

86 Deems, J.S., Painter, T.H., Barsugli, J.J., Belnap, J., Udall, B., 2013. Combined impacts of current 
and future dust deposition and regional warming on Colorado River Basin snow dynamics and 
hydrology. p. 4401. http://www.hydrol-earth-syst-sci.net/17/4401/2013/hess-17-4401-2013.pdf 
(Retrieved June, 2014)

87 Friedman, Lauren F., 2014. A Horrific 'Silent Epidemic' Is Spreading In The American Southwest. 
Business Insider. http://www.businessinsider.com/valley-fever-epidemic-in-arizona-2014-1 
(Retrieved June, 2014)

88 Arizona Department of Health Services. Arizona - Valley Fever Report: 2007-2011. http://www.
azdhs.gov/phs/oids/epi/valley-fever/documents/reports/valley-fever-2007-2011.pdf (Retrieved 
June, 2014)

89 Arizona Department of Health Services, 2013. Valley Fever 2012 Annual Report. Report. http://
www.azdhs.gov/phs/oids/epi/valley-fever/documents/reports/valley-fever-2012.pdf (Retrieved 
June, 2014)

90 Painter, T. H., Deems, J., Belnap, J., Hamlet, A., Landry, C.C., Udall, B., 2010. Response of 
Colorado River runoff to dust radiative forcing in snow, Proceedings of the National Academy of 
Sciences, published ahead of print September 20, 2010,doi:10.1073/pnas.0913139107.

91 US Geological Survey. 2013. Effects of Climatic Variability and Land Use on American Drylands. 
http://esp.cr.usgs.gov/projects/sw/swdust/disturbances.html (Retrieved June, 2014)

92 Belnap, Jayne, 2013. Cryptobiotic Soils: Holding the Place in Place. US Geological Survey. http://
geochange.er.usgs.gov/sw/impacts/biology/crypto/ (Retrieved June, 2014)

93 Mark E. Miller, R. Travis Belote, Matthew A. Bowker, and Steven L. Garman 2011. Alternative states 
of a semiarid grassland ecosystem: implications for ecosystem services. Ecosphere 2:art55. http://
dx.doi.org/10.1890/ES11-00027.1 (Retrieved February, 2014)

94 McLain, J.E.T., Martens, D.A., 2005. Studies of methane fluxes reveal that desert soils can mitigate 
global change, in: Gottfried, G.J., Gebow, B.S., Eskew, L.G., Edminster, C.B. (Eds.), Connecting 
mountain islands and desert seas—Biodiversity and management of the Madrean Archipelago II 
conference, May 11–14, Tucson, Ariz.: Fort Collins, Colo., U.S. Department of Agriculture Forest 
Service Rocky Mountain Research Station: Proceedings, RMRS–P–36, p. 496–499.

95 Moore, D., Wondzell, S.M., 2005. Physical hydrology and the effects of forest harvesting in the 
Pacific Northwest: A Review. http://www.fs.fed.us/pnw/pubs/journals/pnw_2005_moore001.pdf 
(Retrieved February, 2014)  

96 United States Environmental Protection Agency, 2013. Case studies analyzing the economic 
benefits of low impact development and green infrastructure programs. EPA 841-R-13-004.

97 United States Environmental Protection Agency. 2010. Green Infrastructure in Arid and Semi-Arid 
Climates. http://www.icleiusa.org/action-center/tools/EPA_Arid_Climate.pdf (Retrieved June, 
2014)

98 Ogata, I., Barnabas, B., Mielcarek, L., 2013. Webinar: Implementing Green Infrastructure 
Strategies. Planning in the West Webinars: Lessons from Local Governments. (Video).

99 South Lincoln Redevelopment Project Stormwater/Green Infrastructure Charrette. 2011. 
Partnership for Sustainable Communities. Denver, Colorado. Final Report.

100 City of Tucson, 2008. Commercial Rainwater Harvesting Ordinance No. 10597. http://www.
tucsonaz.gov/files/ocsd/CMS1_035088.pdf (Retrieved July, 2014)

101 City of Scottsdale, 2014. Indian Bend Wash Greenbelt. http://www.scottsdaleaz.gov/parks/
greenbelt (Retrieved July, 2014)



EARTH ECONOMICS 92

102 United States Environmental Protection Agency. 2013. Green Infrastructure Barriers and 
Opportunities in Phoenix, Arizona: An Evaluation of Local Codes and Ordinances.

103 Davis, A., 2011. Deadliest Air Pollution in US 10 Worst Cities. Huffington Post. http://
www.huffingtonpost.com/2011/05/03/us-air-pollution-worst-cities-deadly_n_853548.
html#s269290title=10_Modesto_CA (Retrieved March, 2014)

104 National Parks Conseration Association, 2014. FACTSHEET: Cleaning Up Navajo Generating 
Station. http://www.npca.org/protecting-our-parks/air-land-water/clean-air/Regional-Clean-Air-
Programs/factsheet-navajo-generating-station.html (Retrieved May, 2014)

105 Hitt, Mary Anne, 2014. Arizona: Fight for Clean Air and Clean Energy Inspires a Family of Activists. 
The Huffington Post. http://www.huffingtonpost.com/mary-anne-hitt/arizona-fight-for-clean-
a_b_5419293.html (Retrieved May, 2014)

106 Zah, Erny. 2014. EPA proposes approving state-conceived emissions plan for San Juan Generating 
Station. The Daily Times. http://www.daily-times.com/four_corners-news/ci_25671747/epa-
proposes-approving-state-conceived-emissions-plan-san (Retrieved May, 2014)

107 Hitt, Mary Anne, 2014. Arizona: Fight for Clean Air and Clean Energy Inspires a Family of Activists. 
The Huffington Post. http://www.huffingtonpost.com/mary-anne-hitt/arizona-fight-for-clean-
a_b_5419293.html (Retrieved May, 2014)

108 Nowak D., C., D., Stevens, J. 2006. Air Pollution Removal. Urban Trees and Shrubs in the United 
States. Urban Forestry and Urban Greening 4, 115–123.

109 Rosenberg, K.V., Ohmart, R.D., Hunter, W.C., Anderson, B.W., 1991. Birds of the Lower Colorado 
River Valley. University of Arizona Press, Tucson, Arizona, p. 416.

110 Kaval, P. 2011. Ecosystem service valuation of the Colorado River Basin: A Literature Review 
and Assessment of the Total Economic Value of the Colorado River Basin. Report to the Nature 
Conservancy, January 2011.

111 Paukert, C.P., Pitts, K.L., Whittier, J.B., Olden, J.D., 2010. Development and assessment of a 
landscape-scale ecological threat index for the Lower Colorado River Basin. Ecological Indicators 
11, 304–310.

112 Wiens, J.A., Seavy, N.E., Jongsomjit, 2011. Protected areas in climate space: What will the future 
bring? Biological Conservation 144, 2119-2125.

113 Theobald, D.M., Reed, S.E., Fields, K., Soule, M., 2012. Connecting natural landscapes using a 
landscape permeability model to prioritize conservation activities in the US. Conservation Letters 
5, 123–133.

114 Jones, K.B., Zurlini, G., Kienast, F., Petrosillo, I., Edwards, T., Wade, T.G., Li, B., Zaccarelli, N., 
2013. Informing landscape planning and design for sustaining ecosystem services from existing 
spatial patterns and knowledge. Landscape Ecology 28, 1175-1192.

115 Kaval, P., 2011. Ecosystem service valuation of the Colorado River Basin: A Literature Review 
and Assessment of the Total Economic Value of the Colorado River Basin. Report to the Nature 
Conservancy, January 2011.

116 Southwick Associates. 2012. Economic contributions of outdoor recreation on the Colorado River 
and its tributaries. Report to the Protect the Flows. Southwick Associates, Fernandina Beach, 
Florida, p. 53.

117 Boykin K.G., Kepner, W.G., Bradford, D.F., Guy, R.K., Kopp, D.A., Leimer, A.K., Samson, E.A., East, 
N.F., Neale, A.C., Gergely, K.J., 2013. A national approach for mapping and quantifying habitat-
based biodiversity metrics across multiple scales. Ecological Indicators 33, 139-147.



WATER AND NATURE:
ECONOMIC ENGINES OF THE COLORADO RIVER BASIN93

118 Gehlbach F.R., 1981. Mountain islands and desert seas. Texas A&M Univ Press, College Station, 
TX.

119 National Parks Conservation Association, 2011. Water Management, resource threats, and 
economics. http://www.npca.org/about-us/center-for-park-research/colorado_river_basin/
Colorado-River-Report.pdf (Retrieved February, 2014)

120 Utah Tourism Industry, 2013. Tourism Works. http://utahtourism.org/wp-content/uploads/2010/01/
Tourism-Works-state-of-indu-10-13.pdf (Retrieved February, 2014)

121 Arizona Office of Tourism, 2012. Travel and Tourism Works for Arizona. http://azot.gov/system/
files/1074/original/Tourism%20Works%20PDFw.pdf?1389822737 (Retrieved February, 2014)

122 Colorado Tourism Office, 2014. Colorado Tourism Industry Facts. https://www.colorado.com/ai/
ColoradoTourismFacts.pdf (Retrieved February, 2014)

123 Greiner, W. 2012. Individual River Commercial Rafting Statistics. Colorado River Outfitters 
Association. Buena Vista, CO.

124 Duffield, J., Nehr, C., Patterson, D., 2007. Economic Values of National Park System Resources 
within the Colorado River Watershed: Phase II. University of Montana.

125 Corona Research, 2009. Colorado State Parks Marketing Assessment. Visitor Spending Analysis 
2008-2009. Denver, Colorado.

126 Schoengold, K., Shrestha, P., Eiswerth, M., 2013. The Joint Impact of Drought Conditions and 
Media Coverage on the Colorado Rafting Industry. Journal of Natural Resources Policy Research 
5(2), 183-198.

127 US Forest Service, 2012. National Visitor Use Monitoring (NVUM). Tonto National Forest and Tonto 
Pass Program Statistics. Arizona.

128 Bureau of Land Management (BLM), 2012. Desolation and Gray Canyons of the Green River 
Special Management Area. Draft Business Plan. Price Field Office, Price Utah.

129 Duffield, J., Nehr, C., Patterson, D., 2007. Economic Values of National Park System Resources 
within the Colorado River Watershed: Phase II. University of Montana.

130 Bureau of Land Management (BLM), 2005. Chapter 3, Affected Environment. Moab Resource 
Management Plan Draft Environmental Impact Statement. Moab, UT.

131 Silberman, J., 2002. The Economic Importance of Hunting and Fishing. Arizona Fish and Game. 
http://www.azgfd.gov/pdfs/w_c/FISHING_HUNTING%20Report.pdf (Retrieved June, 2014)

132 Duffield, J.; Nehr, C.; Patterson, D., 2012. Valuation of National Park System Visitation. 
Forthcoming in Environmental Management.  

133 Bureau of Land Management (BLM), 2006. Proposed Resource Management Plan and Finale 
Environmental Impact Statement. Affected Environment Chapter. Lake Havasu Field Office.

134 Duffield, J.; Nehr, C.; Patterson, D. 2012. Valuation of National Park System Visitation. 
Forthcoming in Environmental Management.

135 New Mexico (NM) Department of Fish and Game. 2005. Management Plan for the San Juan River 
2004-2008. Chapter III, Affected Environment/Environmental Consequences.

136 Loomis, J. 2005. Updated Outdoor Recreation Use Values on National Forests and Other Public 
Lands. PNW-TR-658. Pacific Northwest Research Station, US Forest Service, Portland, OR. 

137 de Groot, R.S., Wilson, M.A., Boumans, R.M.J., 2002. A typology for the classification, description, 
and valuation of ecosystem functions, goods, and services. Ecological Economics 41, 393-408.74



EARTH ECONOMICS 94

138 Provencher, B., Lewis, D.J., Anderson, K., 2012. Disentangling Preferences and Expectations in 
Stated Preference Analysis with Respondent Uncertainty: The Case of Invasive Species Prevention. 
Journal of Environmental Economics and Management, 64(2), 169-182.

139 Palmquist, R.B., and V.K. Smith, 2002. “The use of hedonic property value techniques for policy 
and litigation”, in: Tietenberg, T., and H. Folmer, The International Yearbook of Environmental and 
Resource Economics 2002/2003. Edward Elgar, Cheltenham, UK, p. 115-164.

140 Power, T.M., 1996. Lost landscapes and failed economies: The search for a value of place. Island 
Press, Washington DC.

141 Taylor, L., 2003. The Hedonic Method, in: Champ, P.; Boyle, K.; Brown, T. (Eds.), A Primer on Non 
Market Valuation. Kluwer Academic Publishers.

142 Loomis, J.; Feldman, M., 2003. Estimating the Benefits of Maintaining Adequate Lake Levels to 
Homeowners Using the Hedonic Property Method. Water Resources Research 39(9), 2-1 to 2-6.

143 Bhattacharya, D.K., Brondizio, E.S., Spierenburg, M., 2005. Cultural Service. Ch. 14. In: Millennium 
Ecosystem Assessment, 2005. Ecosystems and Human Well-being: Synthesis. Ghosh, A., Traverse, 
M. Island Press, Washington, DC.

144 Burt, O.R., Brewer, D., 1971. Estimation of Net Social Benefits from Outdoor Recreation. 
Econometrica. The Economic Society. 39(5), 813-827.

145 Asah, A.T., Blahna, D.J., Ryan, C.M. 2012. Involving Forest Communities in Identifying and 
Constructing Ecosystem Services: Millennium Assessment and Place Specificity. Journal of 
Forestry. May, 2012.

146 Gies, E., 2006. The Health Benefits of Parks. http://www.eastshorepark.org/HealthBenefitsReport_
FINAL_010307.pdf (Retrieved March, 2014)

147 Christin, Z., Batker, D., Harrison-Cox, J., 2011. Economic Impact of Metro Parks Tacoma Ecosystem 
Services: Economic Impact Study Phase II Earth Economics, Tacoma WA.

148 Coastal Protection and Restoration Authority, 2012. Louisiana’s 2012 Coastal Master Plan. http://
www.coastalmasterplan.louisiana.gov/ (Retrieved June, 2014)

149 Powers, K., 2003. Benefit-Cost Analysis and the Discount Rate for the Corps of Engineers' Water 
Resource Projects: Theory and Practice. CRS Report for Congress. Order Code RL31976.

150 Postel, S., Thompson, B., 2005. Watershed protection: capturing the benefits of nature’s water 
supply services. Natural Resources Forum 29, 98-108.

151 State of New Jersey, 2014. Christie Administration Take Action to Protect Water and Wastewater 
Systems Against Disasters Like Sandy. http://www.state.nj.us/dep/newsrel/2014/14_0012.htm 
(Retrieved June, 2014)

152 Denver Water, 2014. Frequently Asked Questions: Partnership with U.S. Forest Service 
for Watershed Management. http://www.denverwater.org/SupplyPlanning/WaterSupply/
PartnershipUSFS/FAQs/ (Retrieved June, 2014)

153 Howarth, R., and Farber, S., 2002. Accounting for the Value of Ecosystem Services. Ecological 
Economics 41(3), 421-429.

154 Howarth, R., and Farber, S., 2002. Accounting for the Value of Ecosystem Services. Ecological 
Economics 41(3), 421-429. 

155 Boumans R.M.J., Costanza, R., Farley, J., Wilson, M. A., Rotmans, J., Villa, F., Portela, R., 
Grasso, M., 2002. Modeling the dynamics of the integrated earth system and the value of 
global ecosystem services using the GUMBO model. Special Issue: The Dynamics and Value of 
Ecosystem Services: Integrating Economic and Ecological Perspectives. Ecological Economics 
41(3), 529 –560.



WATER AND NATURE:
ECONOMIC ENGINES OF THE COLORADO RIVER BASIN95

156 Janssen, R., Munda, G., 2002. Multi-criteria Methods for Quantitative, Qualitative and Fuzzy 
Evaluation Problems, in:Van Den Bergh, J., Bruinsma, F.R. (Eds.), Handbook of Environmental and 
Resource Economics. Edward Elgar Publishing, Cheltenham, UK.

157 De Montis, A., De Toro, P., Droste-Franke, B., Omann, I. and Stagl, S., 2005. Assessing the 
Quality of Different mCdA Methods, in: M. Getzener, S., C., and Stagl, S. (Ed.), Alternatives for 
Environmental Valuation. Routledge, London, p. 99-133.

158 Boumans R.M.J., Costanza, R., Farley, J., Wilson, M. A., Rotmans, J., Villa, F., Portela, R., 
Grasso, M., 2002. Modeling the dynamics of the integrated earth system and the value of 
global ecosystem services using the GUMBO model. Special Issue: The Dynamics and Value of 
Ecosystem Services: Integrating Economic and Ecological Perspectives. Ecological Economics 
41(3), 529 –560.

159 Limburg, K. E., O'Neill, R. V., Costanza, R., Farber, S., 2002. Complex systems and valuation. 
Ecological economics 41(3), 409-420.

 

ii CC BY Alwyn Loh

iii © Zachary Christin

v CC BY Michael Grindstaff

1 Public Domain Image

3 CC BY Doc Searls

4 CC BY Wolfgang Staudt

5 Public Domain Image (USDA)

11 CC BY Wolfgang Staudt

19 CC BY-SA Doc Searls

20 CC BY-SA Ed Ouimette

27 CC BY John Fowler

28 CC BY John Fowler

29 CC BY-SA U.S. Forest Service, Southwestern 
Region, Coconino National Forest

34 Public Domain Image (NASA)

36 Public Domain Image (National Park Service)

44 Public Domain Image (National Park Service)

51 CC BY Mark Lellouch, National Park Service

52 CC BY Wolfgang Staudt

57 CC BY Wolfgang Staudt

Page Credit

Images in this report are licensed under the public 
domain or creative commons licesnes (https://
creativecommons.org/licenses/). These materials are 
available under Public License.






	Executive 
Summary
	How to Use this Report
	Summary of Recommendations 

	The Colorado 
River Basin: 
What is it Worth? 
	Characterizing the Colorado River Basin 
	Ecosystem Services of the Colorado River Basin
	Land and Water: Dependency on 
the Colorado River

	Measuring Ecosystem 
Services across the Colorado River Basin
	Quantification of Land Cover in the Colorado River Basin
	Identifying Ecosystem Service Value across the Landscape

	Valuing the 
Colorado River Basin
	Provisioning Ecosystem Services
	Regulating Ecosystem Services
	Supporting Ecosystem Services
	Information Ecosystem Services

	Calculating an Asset Value for the Colorado River Basin
	Annual Ecosystem Service Valuation in the 
Colorado River Basin
	Asset Value

	Conclusions, Recommendations, and Future Research
	Recommendations:

	Appendix A
Study Limitations
	Appendix B
GIS and Primary Valuation Data Sources
	Appendix C
Additional Tables
	Appendix D
Value Transfer Studies used by Land Cover
	Appendix E
Value Transfer Studies Full References
	References

	Crosswalk between Basin Names in this Report and Hydrologic Unit 
Code Sub-Basins
	Descriptions of Colorado River Sub Basins
	Largest dams in the Colorado River Basin
	Biomes and Terrestrial Ecoregions of the Colorado River Basin
	21 Ecosystem Services
	2008 Acre-feet and Population by Water Service Area
	Acreage by Sub-Basin Land Cover Type in the Colorado River Basin
	Sub-Basin Forest Sub-Types 
	Acreage by Land Cover Inside or Outside 200 foot River or Lake Buffer*
	Ecosystem Service Valuation Methodologies
	Valuation Method used by Benefit Type
	Ecosystem Services Valued and/or Identified by Land Cover in the Colorado River Basin
	Water Storage in Acre-feet
	Irrigation and Other Withdrawals from the Colorado River Basin by State
	Water Rate Per Acre-foot by State (2013 $)
	Annual Flow Value of Water Supply from the Colorado River
	Storage Value of Water Supply from the Colorado River
	Value and Methodology of Provisioning Services across Land Covers
	Carbon Sequestered and Stored per Land Cover Type
	Value and Methodology of Regulating Services across Land Covers
	Value of Annual Carbon Sequestration and Carbon Storage per Acre
	Value and Methodology of Supporting Services across Land Covers
	Value and Methodology of Information Services across Land Covers
	Non-River Recreation Activities
	Annual River Recreation and Tourism Value by Sub-Basin
	Total Annual Ecosystem Service Value by Land Cover
	Total Annual Value (minus Carbon Sequestration) by Ecosystem Service
	Grand Total Annual Ecosystem Service Value across All Land Covers (2013 $/year)
	Asset Values of Carbon Stock and Water Storage (2013 $)
	Total Asset Value of All Ecosystem Services (2013 $)
	Total Ecosystem Service Value by Land Cover of Upper Colorado River Sub-Basin
	Total Ecosystem Service Value by Land Cover of Green River Sub-Basin
	Total Ecosystem Service Value by Land Cover of Lake Powell River Sub-Basin
	Total Ecosystem Service Value by Land Cover of San Juan River Sub-Basin
	Total Ecosystem Service Value by Land Cover of Lake Mead Sub-Basin
	Total Ecosystem Service Value by Land Cover of Middle Colorado River Sub-Basin
	Total Ecosystem Service Value by Land Cover of Lower Colorado River Sub-Basin
	Total Ecosystem Service Value by Land Cover of Gila River Sub-Basin
	Map of the Colorado River Basin
	Map of the upper Colorado River sub-Basin
	Map of the San Juan River Sub-basin
	Map of the Green River Sub-basin
	Map of the Middle Colorado River Sub-basin
	Map of the Lake Powell Sub-basin
	Map of the Gila River Sub-Basin
	Map of the Lake Mead Sub-basin
	Map of the Lower Colorado River Sub-Basin
	Water Supply and Demand in Colorado River Basin 
	Map of Colorado River Basin by Sub-Basin
	Example of different suites of ecosystem services provided by various  land covers
	Beneficiary Map of Hydrologic, Carbon Sequestration, and Aesthetic Services 
	CC BY Alwyn Loh
	© Zachary Christin
	Middle Onion Camp, CC BY Michael Grindstaff
	Public Domain Image
	CC BY Doc Searls
	CC BY Wolfgang Staudt
	Public Domain Image (USDA)
	CC BY Wolfgang Staudt
	CC BY-SA Doc Searls
	cc sa Ed Ouimette
	CC BY John Fowler
	CC BY John Fowler
	CC BY-SA U.S. Forest Service, Southwestern Region, Coconino National Forest
	Public Domain Image (NASA)
	Glen Canyon, Public Domain Image (National Park Service)
	Public Domain Image (National Park Service)
	CC BY Mark Lellouch, National Park Service
	CC BY Wolfgang Staudt
	CC BY Wolfgang Staudt

