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EXECUTIVE SUMMARY 

Ecosystem restoration has become an enormous undertaking with more than one billion 

dollars a year spent over the past decade (Bernhardt et al., 2005). Since society has 

recognized the necessity to restore past degradation this is likely to continue. Much of 

our current understanding of river systems has been developed in humid regions, in 

contrast much less is known about river systems in semi-arid and arid regions, or 

dry lands. Nineteen of the forty four projects considered for authorization in the 2007 

Water Resource Development Act (WRDA) include ecosystem restoration purposes. Six 

of those (32%) are in dry land portions of the country. This region is also exhibiting the 

most rapid population growth in the country. 

Rivers occurring within drylands have distinct characteristics from those in humid 

environments. Flow variability and linked geomorphological processes in drylands 

determine the extent of available habitat more than in humid rivers (Kingsford, 2006). 

By their very nature drylands have scarce water supply, often made scarcer by 

development; including diversion of flows, overdraft of groundwater, and channelization 

of rivers for urban development. Perhaps the most important aspect of dry land river 

restoration is return ofhydrologic connectivity. Legal appropriation of water in dry lands 

often results in rivers that are wholly appropriated and acquisition of water is necessary to 

accomplish restoration. Although this is usually taken for granted in humid regions, it is 

one of the most challenging constraints in dry lands and contributes to higher project 

costs. 
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This paper uses projects along the Salt River in Phoenix to illustrate some engineered 

solutions in dryland river restoration projects. Finally this paper challenges the practice 

of using cost per acre to compare ecosystem restoration projects. Measures required for 

restoration in dry lands, such as water supply, are not required in humid regions and 

increase project costs. This difference can increase the cost of restoration in a dryland 

environment up to 50%. 
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INTRODUCTION 

River restoration is a relatively new area of water resource planning and engineering that 

seeks to repair impaired aquatic ecosystems. Because the field is new, the process and 

principles involved are still being developed from our increasing experience and 

applications of restoration. Much of our current knowledge of river system structure, 

function, and restoration practices has been developed in temperate mesic environments 

which are characterized by river systems that have been modified and degraded over 

decades. In contrast, much less is known about river systems in semi-arid and arid 

regions, or drylands. 

This paper examines the characteristics of rivers in humid and dry land regions from the 

aspects of hydrology, geomorphology, ecology, and water law. Differences between the 

two climate regions have implications on river restoration practices and costs, which are 

examined here. As described by Graf (2001 ), "The emerging era of multiple uses for 

rivers, an era that now includes preservation and restoration, requires approaches based 

on broad synthesis and on concepts that embody broad perspectives rather than 

mechanistic, limiting viewpoints". Broadening our viewpoints, or at least recognizing the 

distinctions of dryland rivers, is required to further not only the implementation of 

restoration; but also to improve future management of water resources in the region and 

nation. 
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For over 100 years development of water resources in the United States focused upon 

navigation, flood control, hydropower and water supply. However, over the last half 

century the perspective has changed to recognize that landscapes, hydrologic systems, 

and ecosystems need preservation and restoration (Graf, 2001). River restoration has 

become an enormous undertaking with over one billion dollars a year spent over the past 

decade (Bernhardt et al., 2005), and this trend is likely to continue. Nineteen of the 44 

projects considered for authorization in the 2007 Water Resource Development Act 

(WRDA) include ecosystem restoration purposes. Six of those (32%) are in dryland 

portions of the country, including four in Arizona (H.R. 1495). 

Drylands include semi-arid, arid and dry sub-humid regions and occur where there is less 

than 50 centimeters (cm) annual rainfall (Kingsford and Thompson 2006). They cover 

almost 50% of the global surface and contain 20% of the world's population (Tooth, 

2000). Dry lands of the United States include most of the western portion of the nation 

from approximately the 100th Meridian westward, including the Intermountain West and 

Southwest. This region is exhibiting the most rapid population growth in the country, 

with growth from 1990-2000 in Arizona (40%), Nevada (66%), and the Intermountain 

West 30% (DOI, Water 2025). With continued population growth the importance of 

river restoration will only increase. 

Rivers occurring within drylands have characteristics distinct from those in humid 

environments. By their very nature drylands have scarce water supply, in cases where 
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they have been modified by development the challenges to restoration are increased. 

Restoration objectives and practices are different in humid and dryland regions. Humid 

region river restoration more often focuses on instream habitat, while flow modification 

and revegetation are more common objectives of dryland river restoration. The most 

important distinctions include: variability, flow regime, magnitude of flooding, and 

channel-forming events. Flow variability and linked geomorphological processes in 

drylands determine the extent of available habitat more than in humid regions (Kingsford, 

2006). Perhaps the most challenging aspect of dryland river restoration is the return of 

hydrologic connectivity. 

Section one reviews the historic evolution of water resource development in the United 

States, and highlights some of the milestones. Development including navigation, flood 

damage reduction, and dam construction has progressed over the years, and in many 

cases contributed to the environmental degradation for which billions of dollars are being 

spent to correct. This review will set the perspective for considering river restoration and 

the major role that it has today. 

The second section examines both technical and legal differences between humid and 

dryland rivers including hydrologic characteristics and ecosystem structure. There are 

different hydrologic characteristics in dryland rivers including runoff, flood regime, and 

channel formation. Riparian ecosystems are often a highlight of drylands due to their 

ecological importance and scarcity. Legal differences of water appropriation and Clean 
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Water Act definitions are also reviewed. In combination the technical and legal 

distinctions in drylands have implications for planning, design, and implementation of 

river restoration. 

Section three describes how the distinctions of dry lands affect implementation of river 

restoration. It also reviews literature pertaining to restoration in humid and dryland 

regions, and points out differences in the objectives and restoration practices commonly 

carried out within them; Hydrologic conditions and modifications in drylands present 

water resource planners and engineers considerable challenges including supply of water, 

which is often is taken for granted in humid zones. 

The last section describes the distinctive nature of restoration practices in dry land 

environments. Restoration practices from Midwestern rivers are compared to those 

carried out on the Salt River in Arizona. Distinct aspects of restoration on the Salt River 

are explained including water supply, channel restoration, revegetation, and land 

ownership. These have implications for project costs, benefits, and continued operation 

and maintenance different from those in the humid regions of the country. The four 

Arizona projects reviewed in this section cost a little over one-half billion dollars. Those 

projects must compete for funding with projects in other portions of the country where 

land and water costs are substantially less, unconstrained, and often taken for granted. 

Restoration cost per acre is higher for Arizona projects than in many parts of the country, 

however the benefits achieved are no less important. 
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Budgetary decision criteria are necessary; however criteria with emphasis on costs are 

flawed, especially without consideration of the regional differences that affect those 

costs. This paper challenges the decision-making criteria to look beyond cost per acre 

and place more weight on the greatest needs and benefits, rather than the traditional 

benefit-to-cost ratio decision process. Although cost per acre may appear to be a valid 

approach to compare restoration projects, the distinctions described in this paper point 

out inherent differences in dryland and humid region rivers that should negate that 

comparison. 
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WATER RESOURCE DEVELOPMENT IN THE UNITED ST ATES 

Water resource development in the United States has included activities carried out by 

private individuals, local and regional agencies, and the Federal government. Trends in 

Federal water resource policies have ranged through the years from build, control and 

allocate, to protect, restrain and restore (NRC, 1999). A detailed history can be found 

elsewhere (NRC, 1999; Reuss 1991; Rowley, 2006), but a brief overview is given here in 

context with changing priorities over the years. Of specific interest to this report are 

recent trends toward restoration. 

Period of Development 

Active development of surface water resources occurred from the early1800's through 

1950's coinciding with expansive settlement and rapid economic growth. During this 

period, both states and the Federal government carried out large-scale projects to study 

and modify rivers and associated floodplains for development purposes. These projects 

resulted in alteration of water resources, with little concern for the environment. 

Although the environmental impacts of this development often were considered by the 

government, economic benefits were always the objective and environmental and social 

impacts would not become a priority until the 1960's (NRC, 1999; Reuss, 1991). 

Development is divided into three major categories below, including navigation and flood 

control, reclamation, and wetland modifications. These categories correspond to the 

historic timeline of development and in legislation that authorized it. Principles and 
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practices for planning water resource projects also changed with that timeline. Those 

changes are described below in conjunction with the history of development and are 

important in the context of changing priorities described in the next section. 

In the early 1800' s, private and state interests carried out most water projects with 

occasional assistance from the Federal government (Reuss, 1991). Conflict would soon 

arise and change that dynamic. In the 1820's New York State granted a monopoly to 

Robert Fulton and Robert Livingston for operation of steamboats on the Hudson River, 

and filed injunctions against other companies attempting to operate steamboats in the 

same waters. The State of New Jersey filed suit against New York in the Supreme Court 

and the decision in Gibbons v. Ogden found that the Federal government has both the 

power to regulate interstate commerce and authority over navigation (NRC, 1999). The 

set precedence for how the nations rivers would be modified and controlled for 

navigation in the next century. 

Navigation and Flood Control 

Following the Supreme Court decision in Gibbons v. Ogden the federal government took 

a larger role in navigation improvements. Congress provided funding in 1824 to improve 

navigation for interstate commerce on the Ohio and Mississippi rivers. Over the 

following 16 years, hundreds of river, canal and harbor projects were completed by the 

Federal government. In addition, private and state interests funded and constructed 

numerous canal and harbor projects totaling nearly $160 million spent by 1860. By 1882, 
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the Federal government had spent over $111 million for rivers and harbors projects 

across the country (Reuss, 1991 ). The changed role of the Federal government in 

navigation was the beginning of large-scale water resource development in the country. 

In 1850, Congress directed the Corps of Engineers (Corps) to determine how to reduce 

flooding on the Lower Mississippi River (NRC, 1999). Flood control as a national 

priority was codified in 191 7 when Congress passed the first Flood Control Act with 

projects on the Mississippi and Sacramento Rivers. Numerous other Acts authorized 

study and construction of projects across the country. The 1936 Flood Control Act is 

said to have been a momentous occasion in the nation's water resources history. "The 

projects that the act and subsequent amendments authorized have literally changed the 

geography of the United States and have caused or contributed to substantial 

demographic shifts in the nation (Reuss, 1991)". Those numerous projects reduced 

flood damages and changed the way the country was developing, but the law itself is 

significant to Federal water resource planning. Importantly the law called for a benefit

cost analysis and consideration of social security of people in stating "if the benefits to 

whomsoever they may accrue are in excess of the estimated costs, and if the lives and 

social security of people are otherwise not adversely affected" ( 49 Stat. 1570, 33 U.S.C. 

701a) (USACE, 1996). 
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Reclamation 

In 1902, President Theodore Roosevelt signed the National Reclamation Act. That act 

would form the Reclamation Service, which was later named the Bureau of Reclamation 

(Bureau) (NRC, 1999; Rowley, 2006). The Bureau would be the Federal agency 

responsible for irrigation and hydropower in the western United States, although flood 

control, navigation, water supply and recreation would also be included in projects. The 

Bureau constructed many if not most of the multipurpose dams across the western states. 

Projects grew out of the need for irrigation and water supply in the states west of the 

100th Meridian (Texas through the Dakotas). One of the first projects undertaken by the 

Bureau was the Salt River Project, Arizona, in the early 1900's, which now includes 

dams, hydroelectric power and canals (Rowley, 2006). Although the Bureau constructed 

many dams across the western states, dam construction had been ongoing prior to 1902. 

In the eastern states by about 1840 river systems were already largely segmented, and 

today there are approximately 80,000 dams in the United States, seriously impacting river 

hydrology (Graf, 2001). 

Wetland and Riparian Modifications 

Under this continued era of expansion and economic growth modifications to rivers and 

floodplains for flood control, navigation, water supply, and hydropower dams caused 

losses of riparian areas and wetlands. Federal policies at the time, specifically, sought to 

modify wetlands and riparian areas. The Swamp Land Act of 1849, modified and 

expanded in 1860, gave control of Federally-owned wetlands to the states with the 
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purpose ofreclaiming them. The U.S. Department of Agriculture (USDA) Agricultural 

Conservation Program also drained 23 million hectares ( 57 million acres) of farmland, 

including wetlands between 1940 and 1977 (Mitsch and Gosselink, 2000). Like 

wetlands, riparian areas have been severely degraded for the same purposes. Although 

estimates vary in the amount of riparian areas lost, some areas have lost as much as 95 

percent of natural riparian vegetation (NRC, 2002). 

Era of Restoration 

The development of water resources described above was important to the nation but had 

impacts to the environment. Environmental impacts of those projects were recognized 

. and at times became issues (NRC, 2002). A conservation movement followed the Civil 

War (USACE, 1996), although it would not rise to a national priority until the 1960's. 

The 1960's marked the advent of environmental laws and regulations as the national 

focus began to change toward the mitigation of degradation. As described by the 

National Research Council (1999), several major milestones include: 

• National Environmental Policy Act (NEPA) passed in 1969, 

• Environmental Protection Agency (EPA) created in 1970, 

• Clean Water Act in 1972, 

• Endangered Species Act in 1973, and 

• President Carter signed Executive Orders for the protection of wetlands in 1977. 
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For the next twenty years, the environment would become more important and evaluation 

of environmental impacts would be a required component of planning water resource and 

all other types of projects. Implementation of new environmental laws, and agencies 

with the mission to protect the environment would include requirements for consideration 

and mitigation of environmental impacts when implementing projects. 

Federal water resource planning requirements also changed at this time. The 1970 Flood 

Control Act identified four equal national objectives for use in water resources 

development planning: economic development, regional economic development, 

environmental quality, and social well-being. Principles and Standards for Planning 

Water and Related Land Resources (P&S) were published in 1973 and defined two equal 

objectives; national economic development and enhancing the quality of the environment 

(USACE, 1996). The P&S were replaced by Principles and Guidelines (P&G) signed by 

President Reagan in 1983 and national economic development would be the only priority 

(ibid) although "consistent with protecting the nation's environment". Principles and 

Guidelines remain and federal water resources planning is conducted based upon them. 

Policy and Legislative Changes 

Congress authorizes civil works projects and provides authority for agencies to study, 

construct or modify existing projects through omnibus legislation. These include Flood 

Control Acts, Rivers and Harbors Acts, and since 197 4 Water Resource Development 
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Acts (WRDA). These laws not only provide authority for specific projects but also 

include programmatic authorities and direction in policy. 

Several programs were established in the 1980's for wetland restoration. Federal 

programs included funding for preservation and restoration of wetlands by the Natural 

Resource Conservation Service (NRCS) and U.S. Fish and Wildlife Service. WRDA in 

1986 added restoration to Corps of Engineers authorities. The North American Wetlands 

Conservation Act provides grants for management, restoration or enhancement of 

wetland ecosystems for the benefit of wildlife. This program funded the acquisition, 

restoration or enhancement of approximately 8.6 million acres in North America from 

1991-1999 (Mitsch and Gosselink, 2000). In 1990 the Wetlands Reserve Program was 

established. This program is administered by the NRCS to acquire easements on up to 

one million acres of agricultural land that was previously wetland (ibid). 

Environmental restoration as a national water resource policy came into place between 

1986 and 1990. Section 1135 ofWRDA 1986 authorized the Corps to "determine the 

need for modifications in the structures and operations of such projects for the purpose of 

improving the quality of the. environment in the public interest" (Public Law 99-662). 

This was the first of several Congressional Authorizations that defined a new mission 

area of the Corps and included restoration as a water resource objective. WRDA 1990 

states that "the Secretary [ of the Army] shall include environmental protection as one of 

the primary missions of the Corps of Engineers in planning, designing, constructing, 



22 

operating, and maintaining water resources projects (NRC, 1999)." The Authority stated 

above in Section 1135 was expanded to other areas beyond prior Federal projects in 

WRDA 92 and WRDA 96 (NRC, 1999). 

Expansion of Restoration 

With that new mission area for restoration identified, there was also increased funding 

and public interest. The number of ecosystem restoration projects in Corps programs 

multiplied. WRDA 1996, 1999, and 2000 authorized the Florida Everglades restoration 

program totaling over $7 billion for 30 years, (http://www.evergladesplan.org). In 

Arizona, the Rio Salado and Tres Rios projects on the Salt River were authorized in 

WRDA 1999 and 2000 respectively; together those projects cost nearly $200 million. 

Bernhardt et al., (2005) describe the significant rise in interest and expenditures for river 

restoration projects in the nation to over $1 billion annually. In 2004, the National River 

Restoration Science Synthesis (NRRSS) catalogued river restoration projects throughout 

the United States. This study collected information on projects from national and 

regional data sources. The NRRSS identified approximately 37,000 projects as of July 

2004 and estimated that the total costs of those projects to be between $14 and 15 billion. 

In a comparison of articles written and projects identified, the study found that the 

number of projects increased exponentially since 1990, Figure 1. 
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Although the projects in,the database include non-Federally funded projects, the increase 

closely corresponds to the changing Federal policy discussed above. The changes in 

policy and legislation authorizing funding for restoration in the 1980' s largely 

contributed to the increased interest and number of projects. 
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Figure 1 Number of Projects, Newspaper and journal articles, (NRRSS Web Site, as 
modified from Bernhardt et al. , 2005) 

Summary 

This section has described the history of water resource development in the United States 

from the period of development through the initiation of restoration. It included 

summary of historical and policy changes in order to explain river restoration in context 

with the development that occurred for the previous 200 years. Water resources have 

been modified for development purposes largely creating the need for conservation and 
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restoration by the damages that have been caused. Restoration is only a 10-15 year old 

phenomenon and therefore still growing and with lessons being learned. Billions of 

dollars are now being spent on river restoration projects and the trend indicates that there 

is more to come. 
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COMPARISON BETWEEN HUMID AND DRYLAND RIVERS 

While there are several general climate zones and types of rivers throughout the United 

States, there is a significant contrast between the semi-arid rivers of the Southwest and 

rivers of the more humid regions elsewhere in the country. Climate drives river flows 

through rainfall (Kingsford and Thompson, 2006), and associated runoff, and ecosystems 

respond. The different river types in the dry and humid regions of the world are related 

to the dominant climate and also support different types of ecosystems. Laws and policy 

in the management of those rivers and adjacent lands are also different in those regions. 

In humid regions precipitation generally exceeds evapotranspiration on an annual basis 

and there is not a moisture deficit. In the United States, this is the eastern portion of the 

country from the Midwest to the East coast, and in the Pacific Northwest. Drylands is a 

term in the literature which includes hyper arid, arid, semi-arid and dry sub-humid 

regions (Tooth, 2000; Kingsford and Thompson 2006; Bull and Kirby, 2002). Dryland 

rivers are those found in areas where evapotranspiration exceeds precipitation, all or part 

of the year (Bull and Kirby, 2002). As defined by Kingsford and Thompson (2006), 

drylands include semi-arid, arid and dry sub-humid regions and occur where there is less 

than 50 centimeters (cm) (20 inch) annual rainfall. Warm drylands include the 

Southwestern U.S., which generally has annual precipitation of less than 20 to 50 cm (8-

20 inch) and evapotranspiration greater than 100 cm (40 inch) (Mitsch and Gosselink, 



26 

2000). Excess precipitation in the Great Plains, Great Basin and Southwest is at or near 

zero and the potential evapotranspiration is negative (NRC, 2002). 

Figure 2 depicts annual precipitation (inches) in the continental United States from 1971-

2000 from the NRCS (NRCS, 2007) This map shows the distinct division in the amount 

of annual precipitation through the middle of the country and that the annual precipitation 

in the intermountain west and southwest fall within that dryland category described by 

Kingsford and Thompson. This paper considers two main zones and the rivers 

occurring within them. Those are drylands, occurring mostly in the tan and orange 

shaded areas on figure 2 and humid zones or the green to blue shaded zones with more 

annual precipitation. 

Precipitation: Annual Clbnatology (1971-2000) 
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Figure 2 Annual Precipitation (inches) 1971-2000, United States (NRCS, 2007). 
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There are several key pieces of literature that describe and contrast hydrology and 

geomorphology, especially Knighton and Nanson (1997), which provides a thorough 

comparison of the humid and dry land zones. The following section uses existing 

literature to describe the distinctions between humid and dryland rivers with focus on 

those factors that most affect river restoration. However, current literature lacks a 

comparison in respect to ecosystem restoration principles and practices between humid 

zone and dryland rivers. 

Hydrology and Geomorphology 

Contrasts between humid and arid zone hydrology have been summarized in Knighton 

and Nanson (1997) to include four main hydrological categories that include hydrologic 

input, throughput, output and channels. Table 1 summarizes the comparison of those 

four categories. The authors also conclude that there is a large diversity within dryland 

rivers, which agrees with McMahon (1979) who found that arid zone streams are 

significantly more variable than those in humid regions. 

Input 

Input refers to the source of water entering the hydrologic system, or precipitation. 

Climate is the main factor in determination of rainfall and subsequent runoff or input to 

river systems. Input to humid zone rivers as outlined in the table below include high and 

reliable precipitation (Knighton and Nanson, 1997). It also occurs over a long duration 
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and across large expanses of land, usually due to frontal storms (Ward and Trimble, 

2004). 

Table 1 Contrast between Arid and Humid Zone Rivers, Knighton and Nanson, 
1997. 

ARID ZONE HUMID ZONE 

Low and unreliable 
Relatively high and dependable ( often 
seasonally) 

..... Limited duration but often high intensity 
Long duration precipitation of variable 

= storms 
Q. intensity 
= ~ 

Extremely variable at event and annual scales 
Temporal variability is much less 

Spatially concentrated events 
Large areas generally affected 

Infiltration, through flow and groundwater 
Horton overland flow dominant flow more significant 

..... 
= Rapid onset of surface runoff Longer lag between precipitation and Q. 

-= runoff . ~ 

= Relatively high runoff coefficient 0 
i.. 

Lower runoff coefficient -= ~ Decreasing discharge downstream due to 
transmission losses Increasing discharge downstream due to 

tributary inflows 

Mostly intermittent Largely perennial 

..... 
Extremely flashy regime Relatively steady regime = Q. ..... 

= Sharply peaked runoff hydro graph Runoff hydro graphs have lower amplitude 0 

Considerable interannual variability Dependable interannual flows 

Drainage densities can be high but networks Well integrated drainage networks 
may not be fully integrated 

11.l Channels adjust to a range of more -~ 
= Floods as major channel controls frequent discharges 
= = -= Long recovery time after disturbance Channel recovery is quicker u 

Transient behavior dominant Tendency for channels to equilibrate 



29 

Drylands have lower amounts of annual precipitation usually produced by short-duration 

storms over limited spatial extent. They are generally located beneath warm, dry, high 

pressure cells (Tooth, 2000). The warm high pressure areas affect the type of weather 

systems that can produce moisture. Precipitation in dryland environments can come from 

fronts, tropical storms, orographic effects, and convection, although frontal activity and 

tropical storms are extremely rare (Graf, 1988). Thunderstorms in drylands are typically 

less than 10-14 kilometers (6-8 miles) in diameter (Bull and Kirby, 2002), with locally 

concentrated rainfall (Graf, 1988; Tooth, 2000). These factors contribute to low and 

unreliable quantity and high variability of input entering dryland rivers on both event and 

annual scales (Knighton and Nanson, 1997). 

Throughput 

Runoff processes (throughput) differ between humid and arid environments. Humid 

zones have more organic matter and vegetation than arid zones, resulting in increased 

infiltration of precipitation (Knighton and Nanson, 1997). Infiltration and groundwater 

flow contribute more to throughput in the humid environment (ibid). There is also a 

longer lag time between precipitation and runoff due to that increased infiltration. As 

precipitation occurs across large areas, discharge increases downstream as tributaries 

contribute to discharge. 

Limited vegetation cover and organic matter in arid zones combined with higher intensity 

rainfall means that Hortonian overland flow ( over the surface) is dominant and runoff 
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coefficients are higher (Knighton and Nanson, 1997). Although runoff is higher in arid 

zones (Graf, 1988) it often does not relate to downstream runoff since there are 

significant transmission losses into the ground (Knighton and Nanson, 1997). Unlike 

humid zone rivers, runoff moves through the system faster and downstream volume 

decreases due to the transmission losses (Tooth, 2000). Larger amounts of precipitation 

are required to contribute to flows in a dryland river. 

Output 

Humid zone rivers are usually perennial and have steady flow regimes. Annual flow on 

perennial humid streams is usually easily predicted and often seasonal. Floods are 

typically defined as exceedance of bank-full in a humid region (Tooth, 2000; Graf, 2001). 

Rivers in drylands are usually, though not always, ephemeral or intermittent unless 

sourced from outside the dryland areas such as the Colorado River (Nanson et al., 2002) 

or from groundwater or springs (Graf, 1988). They often have flashy flow regimes 

reacting to rainstorms. Floods in dry lands, unlike in humid zones, can be defined by 

water in the normally dry channel (Graf, 1988). Regionally, hydrographs rise more 

steeply and recede more quickly in arid zones than humid ones (Knighton and Nanson, 

1997). For example Figure 3 depicts the rapid rise and fall of the U.S. Geological 

Survey gauge on Fort Pearce Wash near St. George, Utah in August 2005 

(www.water.usgs.gov). The rapid rise and fall of the discharge such as this, from Oto 

1,500 cubic feet per second ( cfs) in less than 24 hours, is not an uncommon occurrence 

during seasonal monsoon storms. 
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Figure 3 Hydrograph of Fort Pearce Wash, UT following a monsoon storm. 

Graf (1988) defines four general types of floods in dry lands including flash floods, single 

peak events, multiple peak events, and seasonal floods. Tooth (2000) discussed 

distinctive aspects of dry land floods to also include the influence of flow hydraulics and 

roughness coefficients by vegetation, variability in runoff both temporal and spatial, and 

a high ratio of large to small flows. 

Channel 

The dominant channel-forming flow in humid rivers is considered to be a bank-full 

discharge or average of 1-3 year discharge (Riley, 1998; NRC 2002). Knighton and 

Nanson (1997) describe channels in humid zone rivers as having well-integrated drainage 

networks, adjusting to a range of more frequent discharges, recovering quicker, and a 
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tendency for equilibration. Bank-full discharge is frequent in humid zone rivers and 

dictates the channel form. 

Channels in dryland rivers are controlled by high magnitude and low-frequency floods 

(Graf, 1988; Graf, 1983; Tooth, 2000; Knighton and Nanson 1997). Large floods will 

have a longer-lasting effect on dryland rivers due to the ephemeral nature of those rivers 

and lack of discharges between events that continue to modify the channel. Dominant 

discharge or channel forming flow is not as relevant in the arid zone as there is greater 

variability and conditions are distinct from humid zones (Knighton and Nanson, 1997). 

Yearly maximum flows for streams in the eastern U.S. are two to three times the annual 

mean, but in western streams the annual maximum flows are more than thirty times the 

annual mean (Graf, 2001). The discharge of the 50-year flood on the Gila River in 

Arizona is described as having a discharge of 280 times that of the mean annual 

discharge (Graf, 1988). 

Ecology 

Beyond the obviously different ecosystems that make up humid and dryland 

environments, there are distinctions in form and processes that are important to the 

understanding of the systems. As with hydrological principles, the foundations of river 

ecology were developed largely from studies in mesic regions of the northern 

hemisphere, often within river systems that had been regulated for many decades (Ward 
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et al., 2001 ). Regulated rivers are typically more homogeneous, less dynamic, and more 

stable than unregulated rivers (ibid). · 

Contrasts between humid and dryland environments can be clearly seen in the structure 

and function of the riparian areas occurring within them. Riparian areas are the 

transitional zone between aquatic and terrestrial ecosystems (Naiman and Decamps, 

1997). They are best defined by the Committee on Riparian Zone Functioning and 

Strategies for Management (NRC, 2002): 

"Riparian areas are transitional between terrestrial and aquatic ecosystems and are 
distinguished by gradients in biophysical conditions, ecological processes, and biota. 
They are areas through which surface and subsurface hydrology connect water bodies 
with their adjacent uplands. They include the portions of terrestrial ecosystems that 
significantly influence exchanges of energy and matter with aquatic ecosystems (i.e., a 
zone of influence). Riparian areas are adjacent to perennial, intermittent, and ephemeral 
streams, lakes, and estuarine-marine shorelines." 

Although riparian areas have similar if not the same ecological functions in their varying 

forms and climate zones, there are distinctions between those found in humid and dryland 

environments. Riparian zones store surface waters and sediments, perform 

biogeochemical functions by cycling and storing chemicals, and provide habitat for 

numerous species (NRC, 2002). They are more biologically diverse and productive than 

adjacent uplands (Gregory, et al. 1991). Despite similarities, there are distinct 

differences in the structure of riparian areas and the vegetation that comprises them. 
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Humid Zones 

Humid zones are characterized by readily available water resulting from higher amounts 

of precipitation, evenly distributed discharge, longer duration flooding and water 

availability across the entire floodplain. The resulting vegetation in these systems is 

often wide expanses of forest such as bottomland hardwood forests commonly found in 

the eastern and central United States. These systems are characterized as being inundated 

or saturated during part of the growing season, having periodically saturated soils, and 

composed of woody species adapted to anaerobic conditions within the root zone (Mitsch 

and Gosselink, 2000). 

Vegetation composition and structure within many humid riparian ecosystems follows a 

zonation related to the moisture gradient in the floodplain. That moisture gradient is 

related to the hydroperiod, or period of inundation, depending on the river's flooding 

regime (Mitsch and Gosselink, 2000). At different elevations across the floodplain, 

landforms affected by the flood regime will exhibit different habitat types. One such 

example is described in Sparks (1995) which describes the cross section of the Illinois 

River and various landforms supporting different plant community types including main 

channel, open marsh, bottomland forest, etc. While floods cause disturbance to riparian 

vegetation in humid zones, the longer duration and lower flood intensity mean that 

vegetation is more effective at stabilizing channel migrations and the zone of hydro logic 

influence in humid riparian systems is often diminished (NRC, 2002). In some cases 

long duration or excessive inundation negatively impact the floodplain vegetation. For 
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example, hydrological changes from impoundment of the Upper Mississippi River have 

impacted mesic bottorhland hardwoods by increasing the amount of area and duration of 

inundation (Theiling et al., 2000). This results in decreased germination, species 

diversity, and age classes of trees in those conditions. 

Arid Zones 

Water availability is the major limiting factor in arid zones (Richardson, et al., 2007). 

That availability varies in a continuum from floodplain to uplands (Stromberg, 2007). 

Riparian zones within drylands, due to the limited water availability, tend to be narrow 

linear strands adjacent to water sources (NRC, 2002). Those zones show a sharp contrast 

with the surrounding uplands in that they often have higher diversity, structure, and 

productivity (ibid). That contrast is more distinctive than that within humid zones 

because of the lack of moisture and vegetation found in arid uplands. Tree species found 

in western riparian ecosystems tend to be phreatophytes or they obtain water from 

sources such as groundwater or capillary fringe (Mitsch and Gosselink, 2000). Riparian 

areas in dryland systems are restricted to water sources but those sources are not always 

obvious or following surface flows. In some instances riparian vegetation can be 

hundreds of meters from channels on terraces with sufficient moisture (NRC, 2002). 

Disturbance in dryland floodplains includes flood discharges of greater magnitude than 

base flows, often by orders of magnitude (Graf, 1988; Tooth, 2000). This equates to 

greater flow variation in and more disturbance across the floodplain, and rivers having 
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complex geometry or braided channels with riparian vegetation that has adapted to the 

variability (Graf, 2001). Flooding is the natural disturbance in Southwestern riparian 

systems, contributing to many processes including aggradation, degradation, wetting and 

also recruitment of tree species (Stromberg, 1991; 1993): The zone of influence in arid 

riparian zones therefore often crosses the entire floodplain and disturbance-tolerant trees 

can be found across the floodplain (NRC, 2002). While humid riparian systems often 

have distinct zones of vegetation, the zones in dry lands are not always as distinct or 

consecutive from aquatic to upland. The hydrological variability described earlier has an 

effect on riparian vegetation both as a water source and the fluvial disturbance on the 

floodplain. That disturbance and changes to the floodplain equate not only to structure 

but also to the riparian vegetation that colonizes it. Stromberg (2007) describes the 

shifting plant species diversity that she found due to both effects of flooding and water 

availability along the San Pedro River in Arizona. 

Dahl ( 1990) estimated that wetlands and other shallow aquatic habitats throughout the 

arid west occupy between 1-5 % of the landscape. For Arizona and New Mexico, just less 

than 1 % of the land surface is occupied by wetlands. It was estimated that since the 

l 700's between 30-90 % of wetland habitats in the arid west have been converted to 

other uses. (USACE, 2006). Wetlands in the arid west include narrow strands of 

emergent wetlands along rivers, cienegas (small marshes) supported by springs or seeps, 

intermittent and ephemeral streams and ponds, and desert washes (USACE 2006; 
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USA CE, 2004 ). The habitats are highly variable and often only exhibit wetland 

characteristics seasonally. 

Johnson and Haight (1984) called Southwest riparian/wetland ecosystems some of the 

most endangered in the world due to their support of rich biota and the fact that between 

75 and 90 percent have been destroyed. Southwest riparian ecosystems are so unique 

because they support some of the most productive ecosystems in North America. 

Wetland complexes are abundant in humid climates of North America but cover a lower 

proportion of land in dry lands, making them "exceptionally important" to dependent 

species (Brinson and Malvarez, 2002). They can be characterized by the following: 

being linear systems they support a maximum amount of edge per unit area; provide an 

interface between aquatic and terrestrial systems; and lastly, that they are islands of 

vegetation in an arid environment. This creates a demand both by wildlife and humans 

(Johnson and Haight, 1984). 

Work of the numerous authors who have described the importance of Southwest riparian 

ecosystems to birds (Carothers et al., 1974; Carothers and Johnson, 1971; Johnson, 1971) 

are summarized by Johnson and Haight (1984). Johnson et al., (1977) found that of 166 

species of birds nesting in the southwest lowlands, 47% are entirely dependent, and an 

additional 30% partially dependent on riparian and other wetlands. Although they 

represent less than 1 % of the region's area (Knopf, 1989), a large proportion (75-80%) 
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(Gillis, 1991) of vertebrate wildlife species depends on riparian areas for food, water, 

cover, and migration routes. 

Riparian Areas as Wetlands 

Johnson et al. , (1984) were critical of the then-new National Wetlands Classification 

System (Cowardin et al., 1979) adopted by the U.S. Fish and Wildlife Service. Their 

concerns were well founded due to the fact that the definitions developed for wetlands 

were based largely on eastern terminology and interpretation and therefore excluded 

western riparian ecosystems in classification and protection as wetlands. Some wetlands 

do occur within riparian areas, however not all riparian areas meet the regulatory 

classification as wetlands falling under jurisdiction of Section 404 of the Clean Water Act 

(NRC, 2002). 

What Johnson et al. , (1984) proposed was the addition of a sub-system to the definition 

of palustrine wetlands that would reflect the differences with ephemeral, intermittent and 

perennial streams in the Southwest. They recommended the addition of hydroriparian, 

mesoriparian and xeroriparian subclasses to account for the ecological differences found 

in those systems. Table 2 provides those definitions of the proposed riparian subclasses 

from wettest to driest, all of which would still be considered wetland by this definition. 



39 

Table 2 Proposed Riparian Classification System, Johnson et al., (1984). 
Hydroriparian Wetlands with hydric soils or whose substrates are never dry 

or are dry for only a short period; usually associated with 
perennial or intermittent water. Vegetation, when present, 
consists of a predominance of obligate and preferential wet 
riparian plants. 

Mesoriparian Wetlands with nonhydric soils and whose substrate is dry 
seasonally; usually associated with intermittent water or high-
elevation ephemeral wetlands. Vegetation, when present, 
consists of a mixture of obligate, preferential, and facultative 
riparian plants. 

Xeroriparian Mesic to xeric habitat-type with average annual moisture 
higher than surrounding uplands, but provided with surface 
moisture in excess of local rainfall only on infrequent 
occasions (usually for less than one month per year). 
Vegetation, when present, consists of a mixture of 
preferential, facultative, and non-riparian plants. 

Legal System 

The 1001
h Meridian, extending states from North Dakota south through Texas, provides a 

distinctive separation between the Eastern and Western States. This line is of great 

significance, as precipitation is obviously more significant to the east of the line and the 

Western states are more arid, Figure 2. The legal systems for allocation of surface water 

also closely follow that line. States east of the Mississippi River adopted the riparian 

doctrine and states in the dry inland of the West adopted prior appropriation. States west 

of the 1001
h Meridian and those on the Pacific Coast originally adopted a mixture of the 

two systems, although only California, Nebraska and Oklahoma maintain a mixed-system 

of the laws (Sax et al., 2000). In general, humid regions have adopted riparian doctrine 

and dryland rivers are mostly governed by prior appropriation. Riparian doctrine defines 

rights to water in association to ownership of adjacent land and appropriation as 
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acquiring that right by using the water. This difference in legal control of surface water 

has had and will continue to have a significant role in water resources. 

Riparianism 

Riparianism defines water rights in association to ownership of land. An owner of land 

that is riparian (adjacent to a water body) has rights to that water defined by states. 

Although individual states may have their own regulations and permitting systems, the 

general rule is that as long as use is reasonable and does not unduly harm other 

proprietors' use, the use continue (Sax et al., 2000). Riparianism is mainly applied in 

those states that are humid and usually have perennially flowing streams and although 

drought and conflicts do occur, there is generally enough or more than enough water to 

satisfy the various users while maintaining river flows. 

Prior Appropriation 

The fundamental elements of prior appropriation include the following: ownership of 

land does not give rights to use water; water in a stream is held by the state for its users; 

acquisition of water right is made by applying it to a beneficial use; water cannot be held 

for future use; priority is determined by date that the water was first put to beneficial use; 

and when there is not enough water senior appropriators have priority over junior (Sax et 

al., 2000). 

W estem water law is far too complex to discuss in detail for the purposes of this paper, 

but the general doctrine of water law in the semi-arid to arid portions of the U.S. is prior 
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appropriation. Appropriation does not generally require that in-stream flows be 

maintained unless a downstream user has a senior appropriation. A senior appropriator 

would be one that applied the water to use first and established the right to it. This means 

that in drylands with scarce water supply, a natural river flow may completely cease once 

appropriators have put it to beneficia~ use. Appropriation of instream flows by state 

agencies is allowed in most states, but since those laws were only recently enacted the 

rights have very junior priorities (Sax, et al., 2000). Only Alaska and Arizona laws allow 

private individuals or organizations to appropriate instream flows 

Navigability 

Since Roman times there has been an implied common law of the public trust doctrine 

that the lands beneath waters are not to be owned by individuals (Sax et al., 2000). That 

concept has continued in American law with the precept that navigable waters and lands 

beneath them are held in public trust. The question of title arose in two Supreme Court 

cases: Illinois Central Railroad v. Illinois in 1892, and Shively v. Bowlby in 1894. In the 

latter case, the Supreme Court stated that lands under navigable waters at the time states 

are admitted to the union shall be held for public benefit of the state. The question of 

navigability and public use of water resources is of significance. While the Federal 

government maintains navigation servitude on navigable waterways, the states own the 

riverbeds to the centerline of the channel. For non-navigable waterways there is a 

difference, which often takes on variations depending on the state. Title to beds of non

navigable waterways usually passed to the riparian land owners. There are exceptions to 
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this in certain locations but in general the riparian owner maintains ownership of the 

streambed in non-navigable waters. However, in most instances a public trust is 

maintained for certain purposes such as recreation (Getches, 1997). 

Questions regarding ownership and navigability of Arizona's ephemeral rivers and 

washes are common. Dry riverbeds in Arizona are often privately owned. In 1991 the 

Arizona Court of Appeals found that an Arizona state law disclaiming interest in all 

riverbeds except the Gila, Verde, and Salt was unconstitutional. Therefore the Arizona 

Navigable Stream Adjudication Commission (ANSAC) was established by the legislature 

to determine the navigability of Arizona rivers. Although findings have not been enacted 

by the legislature, as of October 2006, the commission had found that none of the 

watercourses in Arizona were navigable (ANSAC, 2006). Therefore since those rivers 

were not found to be navigable, the private ownership of the river beds is still valid. 

Clean Water Act 

The U.S. Army Corps of Engineers has regulatory responsibilities under authority of 

Section 404 of the Clean Water Act (33 U.S.C. 1344). Under Section 404 the Corps 

regulates the discharge of dredged or fill material into waters of the United States, to 

include wetlands. Following recommendations from the National Academy of Science 

for increasing the regional sensitivity of wetland delineation, some regional wetland 

delineation manuals were developed, and others are currently under development. One 

such manual was developed for the Arid West Region in recognition of the unique 

characteristics of wetlands in dry lands (USA CE, 2006). That manual recognizes the 
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regional distinctions in hydrology, soils, and vegetation and includes guidelines for the 

regulatory application of them in the semi-arid and arid regions of the West. 

Waters of the United States is defined in 33 U.S.C 1344 as including territorial seas, tidal 

waters, and non-tidal waters. Definition of waters of the United States includes intrastate 

lakes, rivers, streams (including intermittent and ephemeral streams), mudflats, sandflats, 

wetlands, etc. where the use, degradation or destruction could affect interstate or foreign 

commerce (Federal Register, 1986). The Ordinary High Water Mark (OHWM) defines 

the extent of Corps jurisdiction and is the line on the shore established by fluctuations of 

water as indicated by physical characteristics such as a line on the bank, destruction of 

vegetation, or debris from flows. In dryland systems those signs could include recent 

erosion, or a presence of well-developed upland vegetation. OHWM indicators include: 

differences in vegetation between uplands and river or wash corridor, changes in soil 

characteristics (sand/cobble vs. consolidated), shelving and/or cut banks' impression of , 

water line on the bank, sediment deposition, and presence of litter and debris (USA CE, 

2006). Often in dry washes the presence of riparian species indicates that the channel 

usually exhibits surface flow during storm events (USA CE, 2001 ). 

Summary 

As discussed by Ward et al., (2001) the incomplete appreciation of the dynamic and 

complex structure of river corridors has hindered advances in river ecology and may have 

contributed to limited success in river conservation. Nanson et al. (2002) cautioned that 

research into dryland rivers is still in its infancy and that care must be taken when 
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applying information among systems and at different scales. They went on to conclude 

that there are few features unique to dryland rivers (trees in channel beds), but some 

characteristics such as downstream transmission losses, downstream decreases in channel 

size, and floodout formation are more common (ibid). While care must be taken when 

making generalities, there are differences between humid and dryland zone rivers 

including hydrology, geomorphology and ecology as well as application of laws between 

them. 

This section has attempted to compare and contrast those differences focusing on those 

areas that most likely have implications to the implementation of river restoration. 

Humid zone rivers are fed by rather reliable and widespread precipitation, groundwater is 

relatively available and contributes to stream flows, and discharge is steady. Drylands 

are characterized by highly variable precipitation with flashy flows and rapid infiltration 

and surface runoff. Ecologically the two types of systems are different and the riparian 

vegetation structure in the two depicts the differences in hydrology and geomorphology. 

Dry lands have more variable and narrow strands of riparian zones whereas humid rivers 

may have larger expanses including bottomland forests. The legal control of waters is 

also significantly different in humid vs. dry land portions of the country, which is a result 

of, but also contributes to further differences with implications for restoration. 
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IMPLICATIONS FOR RIVER RESTORATION 

Although river restoration is resulting in expenditures of billions of dollars in the U.S. 

annually, it is still a rather new interest area only significantly expanding in the past ten 

years. Much remains to be learned in every aspect, from planning and design to 

monitoring and evaluation of costs and benefits. Rivers, the riverine ecosystems (humid 

vs. dryland), and projects are unique, the systems to be restored are dynamic, and 

uncertainties exist throughout planning and design. However, there are distinctions that 

can be made between different types of river systems and different regions. Namely the 

humid temperate rivers of the central and eastern U.S. and semi-arid systems of the West 

have hydrological, geomorphic, ~cological and legal distinctions with implications for 

accomplishing river restoration. 

Defining Restoration 

There are a number of different definitions of restoration in the literature, ranging from 

the return to a historic pre-disturbed condition (NRC, 2002), to protection of 

infrastructure or aesthetic improvements as described in Palmer, et al. (2005) as not being 

restoration. Most literature appears to recognize that return to a pre-disturbed condition 

is not possible but that a partial return is possible (USA CE, 1999b; Wohl, et al. 2005). 

The National Research Council (1992) defines restoration as "the return of an ecosystem 

to a close approximation of its condition prior to disturbance." The definition states that 
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both structure and function are re-created and does not consider creation, rehabilitation, 

and reclamation as restoration. A more broad definition acknowledges that there are 

various perceptions of the meaning and that constraints exist. River restoration is defined 

in Wohl et al., (2005) as "assisting in the establishment of improved hydrologic, 

geomorphic, and ecological processes in a degraded watershed system and replacing 

lost, damaged or compromised elements of the natural system." The authors continue to 

state that their definition includes rehabilitation to the extent that it focuses on causes of 

degradation and attainable reestablishment of processes or elements. 

The Corps of Engineers lists ecosystem restoration as one of the primary mission areas of 

the Civil Works Program. In defining what is meant by ecosystem restoration, Corps 

policy guidance states that "restoration initiatives attempt to accomplish a return of 

natural areas or ecosystems to a close approximation of their conditions prior to 

disturbance, or to less degraded, more natural conditions (USACE 1999a)." The 

guidance further states that return to pre-disturbance may not be feasible but partial 

restoration may have valuable benefits to ecological resources (ibid). Guidance also 

states that the most appropriate restoration projects for Corps involvement include 

wetlands, riparian, and other floodplain and aquatic systems associated with Corps 

missions and areas of expertise (USACE, 1999b). 

Similarly, Palmer et al., (2005) describe how there are circumstances in which 

irrevocable changes have been made to the hydrology and geomorphology of a river 
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system. They argue that the goal for restoration in those cases should be to restore the 

river towards the least degraded and most ecologically dynamic state possible. These 

authors consider the most effective river restoration as a combination of stakeholder 

satisfaction, ecological success, and learning from implementation and monitoring. 

Return of ecosystems to a historic pre-disturbance condition is an honorable goal, 

although most river systems have been highly degraded and landscapes altered to the 

extent that return to that condition is impractical. However, partial restoration of 

processes, structure or function is possible and even feasible. The definition of river 

restoration herein is similar to that of Wohl et al. (2005), which recognizes that 

constraints exist although partial restoration is possible. River restoration is the return of 

structure, function or processes to a less degraded and more natural condition. That 

restoration must account for existing and future watershed conditions as well as 

constraints. In this paper, mitigation or actions required by law to alleviate or 

compensate for environmental degradation are not considered restoration. 

Regional Differences 

Variations in hydrology, geomorphology, and vegetation, and the interactions of the three 

create regional character in river systems. Restoration needs to consider the interaction 

of those factors and the differences between regions and even rivers in the same region. 

Since each watershed is unique and the temporal changes must be understood to 

implement restoration, "cook book recipes" cannot be applied (Montgomery and Bolton, 
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2003 ). Likewise, laws, policies, and river restoration practices that are applied in humid 

climates may not necessarily be applicable in drylands. 

The regional characteristics in river systems combined with differing degree of 

degradation should result in different types of restoration projects or practices depending 

on the region. Because riparian habitat is of such ecological significance in drylands, one 

would assume that restoration projects in the desert southwest would list that as the 

primary purpose. The National River Restoration Science Synthesis (NRRSS), discussed 

previously, includes information from approximately 37,000 restoration projects 

including intent and cost. Comparison of those projects recorded in that database 

provides some insight into river restoration projects across the U.S. and allow for 

regional comparisons. Results from a more detailed analysis of that database are in press 

and will be published in a forthcoming issue of Restoration Ecology (Bernhardt, personal 

communication). 

Bernhardt and Palmer (2007) found that replanting of riparian vegetation is one of the 

most common stream restoration practices throughout the United States. Many projects 

listed in that database include multiple project intents, but when interviewing project 

managers, only 8% of the projects listed riparian management as a primary intent, with 

water quality and in-stream habitat the most common (Bernhardt et al., 2007). A detailed 

summary of projects in the Southwest (New Mexico, Arizona, Utah, and Colorado) found 

project purposes in the semi-arid region differ from the more humid regions of the 
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country. Follstad-Shah et al., (2007) describe that the southwestern projects included 

riparian management, water quality management, in-stream habitat improvement, and 

flow modification as the most common project intents. Riparian revegetation exceeded 

other restoration activities and flow modification was also regionally dominant as project 

intent. Because in-stream flows are of such importance in dryland river ecosystems and 

have been so highly modified, it makes sense that flow modification and riparian 

revegetation would be the recurring themes of restoration in the Southwest. 

The perception of what is a river and regional differences in rivers are also important 

considerations. The March 1995 issue of BioScience was dedicated to large rivers. In 

describing large rivers, Sparks (1995) provides an excellent example: "These complex 

ecosystems are composed of the flowing channels that most people associate with rivers, 

together with the floodplain lakes, backwaters, forests, and wetlands .... . " Although the 

article is referring to large river ecosystems, the statement that most people associate 

flowing channels or the presence of water with rivers is of significance. Dry land rivers 

do not have flowing channels much of the time. That lack of permanent water leads to the 

perception by those familiar with perennial rivers to discount the fact that dryland rivers 

function as aquatic ecosystems. 

Because many of our understandings ofriver processes and ecology (Ward et al., 2001) 

have been derived from humid settings and regulated rivers, there are misconceptions and 

an incomplete understanding of dryland rivers (Nanson et al. , 2002). Nanson concludes 
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that misconceptions arise from application of generalities from humid regions as well as 

incomplete evidence from within dryland settings. The same is true for the relatively 

young field of river restoration, although projects are occurring nationwide; a complete 

understanding of rivers as dynamic changing systems is often lacking (Wohl et al., 2005), 

as are success criteria and effective monitoring (Palmer et al., 2005). Understanding the 

constraints and unique attributes of implementing restoration in an arid environment is an 

important part of improving our understanding of river restoration. 

Distinctions of Dryland Rivers 

Restoration of a river to a less degraded state, or starting it on a path towards that state, 

requires an understanding of the environment: not just the physical environment but the 

social and political environment as well. This includes taking into account constraints, 

which could be dams, channelization, urbanization, or even water rights and land 

ownership. Each of these may place different stresses on a river, which have differing 

effects on rivers in humid regions and drylands. Defining factors of a river include the 

flows (hydrology) and form (geomorphology), which in combination affect the 

ecosystem structure. Water availability is often a limiting factor in drylands and both 

high and low flow conditions influence riparian vegetation in semi-arid and arid rivers 

(Stromberg et al., 2007). The hydrologic conditions of a dryland river differ from that of 

a humid river as described previously. 
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Hydrology and Geomorphology 

Bendix and Hupp (2000) describe the fluvial landforms in humid climates as predictable 

with the floodplain made up of terraces, floodplain and channel and defined by a frequent 

inundation. However, they describe arid landforms to be subject to frequent and rapid 

changes, with the hydrological and geomorphic definitions of the floodplain not 

necessarily equivalent. Variations in discharge create and maintain different 

geomorphologic processes and forms tp which floodplain vegetation is strongly related 

(Bendix and Hupp, 2000). Subsequently taking these factors into consideration, 

ecosystem structure and form of dryland rivers differs significantly from those in humid 

environments. 

With low but highly variable precipitation, dryland rivers are often ephemeral or 

intermittent, although they can also be perennial in their flow regimes (Brock et al., 

2006). Surface water can be lacking for significant periods, often up to decades (Capon, 

2002). W estem riparian systems are the result of abundant water within channels and the 

vegetation relies on both the timing and quantity of flows (Patten, 1998). The contrast 

between uplands and riparian ecosystems is large in these systems (NRC, 2002). While 

the supply of water is often taken for granted in rivers within humid regions, the low-flow 

conditions are the norm in drylands and are of significance to restoration. Low-flow and 

base-flow are important in determining the amount of water available during dry seasons 

as they control the structure of vegetation occurring within the channel. Tree species 

common to arid riparian systems include cottonwood and willow. Both are shallow-



52 

rooted species which rely on water supply from the capillary fringe and are highly 

sensitive to fluctuation in water levels (Stromberg et al., 2007). 

The intermittent and highly variable discharge of dryland rivers is significant because 

high flows are controlling factors in channel form. Channels, as described previously are 

controlled by the high magnitude and low-frequency floods with large floods having 

longer lasting effects (Graf, 1988; Tooth, 2000; Knighton and Nanson, 1997). These 

high flow conditions affect not only the channel structure but also ecology. The natural 

flow regime described in Poff et al. (1997), is important to creating the composition of 

the physical habitat through movement of water and sediment. In doing so, high flows 

create a "shifting mosaic of patches" or diversity of habitats through the floodplain 

(Stromberg et al., 2007). The scour and deposition of sediment and vegetation are key 

processes in the physical health of a river, from cycling nutrients to creating new areas to 

be colonized by vegetation. Similarly, Capon (2003) found that variable flood pulses and 

the associated wetting and drying of the floodplain create a dynamic mosaic of plant 

communities on Cooper Creek, in Australia. The high and low flows are important for 

both physical disturbance and delivery of differing quantities of water. 

Groundwater interacts with river channels to influence the amount of base flow during 

dry periods. This is highly significant to arid river systems where groundwater overdraft 

has caused declines in the number of perennial river miles (NRC, 2002). Stromberg et 

al., (2007) discuss both the implications and importance of groundwater-supported base 
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flow for riparian species, such as cottonwood, which have shown mortality if seasonal 

groundwater levels drop 1 meter. Likewise, perennial reaches of rivers like the San 

Pedro in Arizona which are supported by base flow, can sustain wetland species such as 

hard stem bulrush (ibid). Riparian vegetation in the arid southwest is largely dependent 

on groundwater. When not present, species composition of the riparian area becomes 

more like the uplands with drought tolerant species colonizing the floodplain. 

Damming of rivers modifies the flow patterns of a river including both the high and low 

flows. This modification reduces channel forming flows and annual variability of flows, 

and changes sediment distributions (Kingsford et al., 2006). Variability of flows and 

fluctuations in the channel are both important to maintaining biodiversity. Alterations to 

flow variability and fluctuation often result in changes to species composition, such as in 

the desert southwest where tamarisk has colonized many modified water courses . 
(Naiman and Decamps, 1997). When sediment transport in a river is modified the 

physical makeup of the streambed can change as well. With dams collecting much of the 

fine sediments on the Verde River there is evidence that the coarse substrate now lacks 

the moisture and nutrient holding capacity of silt and clay that once helped support 

herbaceous plant growth (Stromberg et al., 2007). 

Ecology 

The previous section discussed the significance of hydrology and geomorphology on the 

river system including impacts on ecology. River ecology usually includes a 
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combination of aquatic and terrestrial ecosystems, however in ephemeral streams the 

riparian and wetland ecology come to the forefront. Since riparian areas are some of the 

most diverse and complex habitats on the planet (Naiman and Decamps, 1997), it is no 

wonder that they are considered so important in dryland river restoration. Riparian zones 

are often difficult to delineate because of heterogeneity and successional patterns 

(Naiman and Decamps, 1997). As described above, the variable hydrology of dryland 

rivers results in a highly variable and diverse system. Although riparian zones in dryland 

rivers display a sharp contrast with uplands and are often narrow linear strands adjacent 

to water sources (NRC, 2002) they too can take other forms. While riparian zones in 

humid rivers are usually well developed and include complex floodplains with long 

periods of flooding (Naiman and Decamps, 1997) those in dry lands are often less clearly 

defined and only occasionally flooded. 

Riparian areas perform several environmental services including three major categories; 

hydrology and sediment dynamics, biogeochemistry, and habitat (NRC, 2002). They 

store surface water and are part of the interaction between surface and subsurface flows. 

Sediment is trapped and nutrients cycled within riparian zones including interactions with 

the surrounding uplands, surface waters and groundwater (ibid). In an active river 

channel with large variability in flows, as in dryland rivers, the spatial and temporal 

succession of wetland and riparian areas are more diverse than in humid rivers. The high 

flows and variability of the channel create a diverse and changing floodplain structure. 

River channels in arid environments include a range of plant species, not all of which are 
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dependent on permanent water sources. Stromberg et al., (2007) describe that two-thirds 

of plant species surveyed in the Hassayampa and San Pedro rivers are classified as upland 

species. This indicates the connectivity of desert riparian systems to the upland and 

aquatic environments, which equates to increased species diversity. 

Restoration of an arid river must account for variability in hydrology, effect of flood 

events on the channel and the resulting ecological conditions. Ward et al., (2001) 

describes a landscape ecology approach, where the interactions between surface and 

subsurface waters and riparian systems are considered major elements of the river 

corridor. Likewise, rivers and their floodplains are linked and must be restored as part of 

a single system (NRC, 1992). As described previously, riparian areas are not always 

considered wetlands or part of an aquatic system. They are the zone of transition 

between aquatic and terrestrial ecosystems and perform important functions related to 

hydrology, sediment transport, nutrient cycling, and maintenance of the food chain 

(NRC, 2002). 

The fact that riparian zones are a linkage between aquatic and terrestrial environments 

increases their importance. Jensen and Platts (1989) argue that restoration of river and 

floodplain or stream and riparian area as one system is critical. The two are intertwined, 

with the food chain and nutrient cycling depending on both, as do fish and wildlife 

habitat. Both function together as a system and must be restored as a system (NRC 

1992). This is especially true in dryland rivers where the ecotone created by the riparian 
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zone affects, and is affected by, river flows and forms that important transition. In 

dry lands, the variability of riparian zones and floodplains is more pronounced than in 

humid rivers. The ecosystem being restored in dryland rivers is highly variable both in 

space and time, and flows are likely to modify a river reach at any time. This is both a 

benefit to ecological diversity and a constraint to effectively implementing a restoration 

project. 

Legal and Policy 

Prior appropriation is the doctrine in Western water law, meaning that acquisition of a 

water right is made by applying it to a beneficial use and priority is determined by date 

that the water was put to that beneficial use. In the arid west this can result in the 

complete appropriation of surface water from a river and is the most extreme form of 

stress (NRC 1992). This is largely the case of the Salt River, Arizona as it is entirely 

dewatered downstream of Granite Reef dam, Figure 4. 

Land ownership of riverbeds is an important consideration in regards to ecosystem 

restoration. This is especially true in Arizona, where dry rivers are not navigable and 

often in private ownership. Under the Equal Footing Doctrine, upon admission to the 

Union, States were transferred ownership of lands under navigable waters. The only 

navigable waterway in Arizona in 1912 was the Colorado River. Other waterways, 

especially in urban areas, are largely in private ownership. 
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Figure 4 Granite Reef Diversion Dam on the Salt River Maricopa County. 

Appropriation of water and ownership of land are two areas often taken for granted when 

considering river restoration in a humid setting. In Illinois, for example, riparian land 

owners often own lands to the centerline of the river and that can affect land acquisition 

for restoration (Brad Thompson, personal communication). While the laws vary from 

state to state, in perennial rivers navigation servitude and state control of the waters 

flowing over those lands maintain a role. However, in Arizona ownership of land and 

water plays a major role in restoration projects. For example, as defined in Section 210 

of WRDA 1996, in projects cost-shared with the Corps of Engineers, non-Federal 

sponsors are required to share 35% of project costs. Included in that is the requirement 

for the provision of lands, easements, rights-of-way, utility or facility relocations, and 

dredged or excavated material disposal areas (LERRDs) (USA CE, 1999). 
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Where there is state ownership of a riverbed or the river falls under navigation servitude, 

the issue of land ownership is not as significant as in Arizona where much of the riverbed 

is privately owned. In the case of the Salt River, not only is it privately owned but 

portions of it are utilized for aggregate mining and the floodplain fringe has been 

developed. Therefore, lands often have economic values higher than they would if 

perennially inundated, regardless of the fact that they are periodically flooded. This can 

significantly increase the costs to acquire that land for a project. Further affecting lands 

costs are the location of the project. For example, urban restoration projects will likely 

have higher costs and it is more difficult to purchase the floodplain in urban settings vs. 

rural (Bernhardt and Palmer, 2007). Land values are obviously higher where there is 

more demand, and demand is usually greater in urban settings. 

In a humid zone river, the supply of water usually is not an issue for river restoration, 

other than in drought conditions. For restoration of arid region rivers, water supply is of 

paramount importance. In fact it may be the single most important factor when 

determining where vegetation can be established (Briggs, 1995). Similar to the provision 

of LERRD's, the supply of project water is considered a non-Federal sponsor 

responsibility. In formulating and evaluating restoration alternatives water supply is 

considered an associated cost. Associated costs are defined by Federal Policy as "costs 

necessary for production of project outputs for which no project expenditure is made 

(USACE, 2000)." For example, water is treated as a commodity in the west and therefore 

has a cost associated with it. The costs associated with providing project water ( effluent) 
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to the Rio Salado Oeste project are borne by the non-Federal sponsor and accounted for 

when comparing project alternatives (USACE, 2006a). This adds to the economic 

lifecycle cost of maintaining the project. For restoration in a humid environment with 

water flowing in a channel, there is no associated cost with project water. Therefore for a 

project occurring where water is scarce and appropriated it is likely that restoration will 

bear higher costs than if water were unlimited and not appropriated. 

Summary 

The differences between rivers in humid and dryland environments have implications for 

river restoration. Restoration, as defined in this paper, is the attempt to return structure, 

function, or processes to a less degraded, more natural condition. Comparisons of 

restoration projects across the United States found different goals as driving factors for 

. performing restoration in different parts of the country, with the Southwest focusing more 

on riparian revegetation and flow modification (Bernhardt et al., 2007; Follstad-Shah et 

al., 2007). 

Water availability is the most significant difference and driving factor in river restoration 

in dryland rivers. That difference encompasses hydrologic, geomorphic, ecological and 

legal aspects. An overriding theme in dryland rivers is highly variable hydrology 

(Kingsford, 2006). That variability applies to flow regimes, channel forms, and the 

ecosystems interacting within them. Ephemeral or intermittent flow conditions are the 

norm and groundwater is a limiting factor. Legal aspects of dryland rivers include 
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appropriation of water, and riverbeds ownership. Those both have implications on the 

costs of restoration, as unlike humid environments, there is a cost associated with water. 

The combination of these factors has implications pertaining to constraints placed upon 

planning and implementation of river restoration in dryland systems. They also relate to 

the restoration techniques applied in drylands, and manner in which restoration is 

accomplished. These implications and distinctions found within dryland river restoration 

are described with examples in the next section. 
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DISTINCTIONS WITHIN DRYLAND RIVER RESTORATION 

In reviewing current literature, there do not appear to be any detailed comparisons of 

restoration projects across different regions. Additionally, there are few publications 

pertaining to the monitoring and success of projects (Palmer et al., 2005; Bernhardt et al., 

2005) and to date no detailed comparison of regional activities. A regional comparison 

of river restoration projects was touched upon in the previous section (Bernhardt et al., 

2007), and a forthcoming issue of Restoration Ecology will include more discussion of 

regional findings (Be,rnhardt, personal communication). River restoration goals and 

practices are as variable as the rivers themselves and numerous variables will make such 

comparison difficult. Rather than attempt a case study comparison of projects, this 

section will explore the aspects of dryland river restoration that make them unique. 

Ecosystem restoration practices can be separated into three major categories: structure, 

hydrology and vegetation. Structure refers to geomorphic conditions of the river channel 

and restoration usually includes modifications to the channel form. Hydrology is likely 

of most importance in that it is a driving force for the structure of the river and necessary 

to sustain plants and animals. Vegetation, and modification of vegetation, includes 

revegetation of desired species but also removal of invasive and non-native species. No 

matter where they are located, restoration projects most likely include one or more of 

these three components. However, the objectives and methods of implementing 

restoration varies between humid and dryland zone rivers. 
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Humid Zone Rivers 

Several projects from a humid zone have been selected to assist in illustration of 

differences between restoration in humid and dryland region rivers. Projects were sought 

with a similar scale, same policy guidelines (Corps of Engineers), and with detailed 

information to allow comparison of planning constraints, objectives, costs, and 

restoration techniques. To illustrate goals and objectives commonly associated with 

humid zone rivers, restoration projects from the Midwest were chosen. This includes a 

summary report describing review of numerous restoration projects (O'Donnell and 

Galat, 2004) as well as specific study documents from Corps projects from within the 

same region. These documents were chosen because they have readily available 

information and follow the same ecosystem restoration policy as Corps projects on the 

Salt River in Arizona. 

Central US. 

The Central United States Node of the National River Restoration Science Synthesis 

includes the Upper Mississippi River Basin covering portions of Illinois, Missouri, Iowa, 

Wisconsin, South Dakota, Michigan, Indiana, and Minnesota. A status report is available 

online ( www.restoringrivers.org) and summarizes the preliminary findings of the 

synthesis of project information from multiple Federal and State agencies and Non 

Government Organizations. Federal projects are largely Corps projects on the Upper 

Mississippi River System. Projects reviewed on tributary watersheds are typically USDA 

Conservation Reserve Program projects. 
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Results indicate that the project goals/intents of projects on large rivers include: water 

quality management (27% ), instream habitat improvements (24% ), and flow modification 

(22%). Goals/intents of watershed projects include: water quality management (31 %), 

instream habitat improvement (20%), and bank stabilization (15%) (O'Donnell and Galat, 

2004). More recent surveys discovered that the primary goal of projects are slightly 

different, with instream habitat improvement followed by flow modification, and then 

water quality management (www.restoringrivers.org, Updated 2/28/06). 

In stream habitat improvement, water quality management, flow modification and bank 

stabilization appear to be the primary goals of restoration projects in the Midwestern 

states. Flow modification is a similar project goal described as a common Southwestern 

project goal by Follstad-Shah et al., (2007). This is defined as "Practices that alter the 

timing and delivery of water quantity" (www.restoringrivers.org). Therefore this is likely 

a similar goal between humid and dryland river restoration projects. However, 

techniques for doing so may be different. 

Rock River, Wisconsin and Illinois 

The Corps of Engineers Rock Island District completed a reconnaissance report in 2000 

pertaining to ecosystem restoration and flood damage reduction within the Rock River 

watershed. The Rock River watershed is approximately 11,000 square miles in Southern 

Wisconsin and Illinois. The headwaters are in Wisconsin and it drains to the Mississippi 

River south of Rock Island, Illinois. The watershed is largely agricultural but does also 
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contain urban areas. A total of 262 dams are found within the watershed (USA CE, 

2000a). 

A reconnaissance report is the first phase of a feasibility study which serves the purpose 

of: identifying ifthere is a Federal interest in the study, developing a study plan, and 

determining if there is a non-Federal sponsor interested in cost sharing a complete 

feasibility study. This reconnaissance report identifies problems, opportunities and 

potential implemental solutions, and establishes planning objectives which will be 

evaluated in the feasibility study. Planning objectives identified in the report (USACE, 

2000a) include the following: 

1. Restore hydrologic structure and function: stabilize unstable stream reaches, 

restore filtration functions of land, and increase runoff storage capacity of 

wetlands. 

2. Increase aquatic habitat value: increase in-stream structure, increase 

heterogeneity of habitat, and reduce fragmentation. 

3. Improve water quality: reduce point and nonpoint pollution, increase filtration 

of water and pollutants. 

4. Reduce flood damages in urban and rural areas: reduce flood damage in 

association with restoration features. 

Although this is not a feasibility study with detailed design and cost information, 

preliminary measures are identified. In terms of project planning, a measure is a feature 

or activity that can be implemented to address a planning objective (statement of what a 
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plan should try to achieve) (USA CE, 1996). Measures identified in the report include: 

restore and build wetlands, establish riparian buffers, modify or remove low-head dams, 

modify levees, buy out frequently flooded areas, install weirs or other grade control 

structures, re-meander stream segments, improve monitoring, dredge deep water areas 

and reduce tributary sedimentation (ibid). The objectives identified in the report closely 

match those found to be common in the region with instream habitat, water quality, and 

flow modification as recurring themes. 

Restoration Techniques Upper Mississippi 

On the Upper Mississippi River System there is a Federal-State partnership dedicated to 

monitoring and restoration of the river system. It is called the Environmental 

Management Program and has been in place completing restoration projects and 

monitoring activities for nearly 20 years. Table 3, below is modified from the Upper 

Mississippi River System -(UMRS) Environmental Design Handbook (USA CE, 2006b ). 

It is a design manual developed from that program but applicable to rivers in the Midwest 

and likely to any perennial river system. The table includes both techniques (measures) 

and objectives for restoration of perennial rivers and to address problems associated with 

environmental degradation. Instream habitat and related water quality are recurring 

themes throughout both the objectives and techniques. Many of the objectives are related 

to aquatic habitat structure and function for fish habitat, including dredging backwaters, 

bank line stabilization, secondary channel modification, and providing aeration. Water 

level management is a technique utilized to restore natural hydrologic cycles and island 
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creation meets several objectives, including providing waterfowl habitat, aquatic plant 

growth and floodplain structural diversity. 

Table 3 Techniques and Objectives from UMRS Environmental Design Handbook. 

Technique Objectives 

Alter flow patterns and velocity 
Dredge backwaters Improve floodplain structural diversity 

Increase deep water fish habitat for over wintering 
Provide access for fish movements 
Provide dredged material to support revegetation and island 
building 

Water Level Management Restore natural hydro logic cycles 
Promote growth of aquatic plants as food for waterfowl 
Consolidate bottom sediments 
Control rough fish 

Island Creation Decrease wind and wave action 
Alter flow patterns and sediment transport 
Improve aquatic plant growth 
Improve floodplain structural diversity 
Provide nesting and loafing habitat for waterfowl and turtles 
Restore woody vegetation 

Shoreline Stabilization Prevent shoreline erosion 

Secondary Channel 
Modification 

Water aeration 

Maintain floodplain structural diversity 
Create fish habitat 
Reduce sediment loads to backwaters 
Create barriers to waves and currents 
Improve fish habitat and water quality by altering inflows 
Stabilize eroding channel 
Reduce sediment load to backwaters by reducing flow velocities 
Maintain water temperature and provide rock substrate 
Improve fish habitat and water quality by introducing oxygenated 
water 

Miscellaneous Experimental and Complementary Techniques 
Seed islands Upland sediment control Land Acquisition 
Potholes Notched wing dams Anchor tree clumps 
Weirs Rock sills Sediment traps 
Bottomland forest restoration Vegetative plantings 

Riffle pools 
Isolated wetlands 
Mussel substrates 
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The vast majority of techniques and objectives included within table 3 are related to in 

stream habitat. This is not to say that these objectives and techniques could not apply to a 

perennial river occurring within a dryland environment where in stream aquatic habitat 

was a concern. The miscellaneous and complimentary techniques listed at the bottom of 

the table include riparian and wetland restoration techniques as well as actions required 

before implementing other measures, such as land acquisition. Several of these have 

similarities to dryland river restoration practices. The table is an illustration of common 

objectives and restoration techniques applied in humid rivers and will be compared to the 

one below containing objectives and measures from dryland river restoration. 

Dryland Rivers 

Restoration techniques applied in dryland rivers are likely not unique. However, the 

interactions of hydrology, geomorphology, and ecology as well as the overall watershed 

challenges where restoration is being attempted are unique. These challenges in the west 

include drought conditions, appropriated water supplies, rapidly growing populations, 

and already severely degraded rivers. In-stream restoration does exist in dryland regions, 

however possibly not as frequently as in humid regions with mostly perennial rivers. 

Dam removal and flow modification also occur as in the case of Fossil Creek 

hydroelectric facility in Arizona which was decommissioned in 2005 (Stromberg et al., 

2007). In addition there is the example of Alamo Dam on the Bill Williams River, where 

the dam has been operated in a manner to benefit the downstream river ecosystem in an 

effort that began in the 1990's (Seafront and Beauchamp, 2006). 
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To contrast and explain the implications of differences in dryland rivers, the example of 

the Salt River, Arizona and restoration projects on it are presented in the following 

discussion. Because the quantity of water is such a major factor in dry lands, the type of 

restoration will usually depend on the quantity of existing or potential water in that river. 

Unlike the rivers above, flows on the Lower Salt are rare as it is managed for water 

supply and entirely appropriated upstream. Therefore restoration techniques and 

objectives differ from those presented above. 

Salt River, Arizona 

The Salt River drains approximately 19,473 square miles (Graf, 2000) of mountain and 

desert terrain in central and eastern Arizona. The river originates in the White Mountains 

of eastern Arizona and flows generally westward to its junction with the Verde River, a 

northern tributary that drains the edge of the Colorado Plateau in north central Arizona. 

From this junction near the City of Mesa, the Salt River flows westward across the broad 

Salt River Valley to its confluence with the Gila River, which continues westward and 

joins the Colorado River near Yuma, Arizona (USACE, 2006a). 

Annual average rainfall in the lower Salt River Valley is approximately 8 inches; rainfall 

at the highest elevations of the watershed ranges up to 14 inches annually (USGS, 1991). 

Rainfall is less than the evapotranspiration rate in all months of the year. Precipitation is 

derived primarily from two types of weather systems: summer thunderstorms and winter 

regional storms. Summer thunderstorms in July and August develop from the flow of 
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subtropical air masses from the Gulf of Mexico. These two months are responsible for the 

majority of the total annual rainfall. Regional storms from the Pacific Ocean generate 

gentle, widespread showers during the fall and winter months (USACE, 2006a). 

Predevelopment 

Although there is little data available to provide a detailed description of predevelopment 

conditions of the Salt River, it was a perennial river. Before 1938, an average of 413,000 

acre-feet of water flowed through the river channel (USACE, 2006a). Literature suggests 

that the perennial river supported a significant amount of riverine and riparian habitats. 

As referenced in Rea (1997) the writings of Franciscan Jacobo Sedelmayr traveling up 

the Gila River in 1746 discussed: 

"Passing on down river another five or six leagues and keeping it always in view with its 
willows and cottonwoods, we came to the confluence with the Rio de la Asuncion [Salt 
River}, which in turn is formed by the Salado and the Verde. A very pleasant country 
surrounds this fork of the rivers. Here the eye is regaled with creeks, marshes, fields of 
reed grass and abundant growth of alders [sic, willows J and cottonwood (Sedelmayr 
1955:23-24)." 

This refers to the Salt-Gila confluence approximately 9 river miles downstream of 

today's downtown Phoenix. Today that reach of the river does have remnant 

cottonwoods, willows and wetlands; however the flow is composed of reclaimed effluent 

from a wastewater treatment plant. 

Developed River 

The Salt River Valley is historically an agricultural region having once been crisscrossed 

with canals built by the Hohokam and more recently with European settlement. Between 
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the 1860's and 1890's numerous people moved to the valley, settled, and began farming. 

Floods and droughts often impacted the valley and made farming difficult even with 

irrigation (SRP Web site). This all changed in 1902 with the Reclamation Act and 

construction of one of its first projects, Roosevelt Dam on the Salt River (Rowley, 2006). 

That dam would be followed by others as the valley developed. The Salt River Project 

(SRP) operates six storage dams on the Salt and Verde Rivers and one diversion dam 

(Granite Reef) for irrigation just east of the City of Mesa (USACE, 2006a). 

The effects of modified hydrology and geomorphology are exemplified on the Salt River. 

Dams on the Salt have drastically altered the hydrology. Encroachment on the floodplain 

by development and channelization have contributed their own impacts as well, in some 

instances reducing the floodplain, which was up to a mile or more wide historically, to a 

narrow and confined channel. Before 1911 lateral migration of the low-flow channel of 

up to 1.2 miles (2 km) was common (Graf, 2000). Groundwater has been pumped to the 

extent that riparian vegetation can reach it only in localized areas. These stressors on the 

riverine ecosystem pose significant challenges to implementing river restoration. The 

system of dams has eliminated perennial flow and steady, high winter flows. Since 

Bartlett Dam began operating on the Verde River in 1938, the lower Salt River has 

contained water only as a result of controlled or uncontrolled releases over the Granite 

Reef Diversion Dam. Since 1965, the channel has carried a mean of only 293,000 acre

feet of water per year, with less than 10,000 acre-feet in most of the years (USACE, 

2006a). The only time that the river flows now is when there is more runoff than can be 
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contained in the dam system or when local storms deliver rain to the local storm drain 

system. 

The highest discharge over Granite Reef Dam since the construction of the Salt and 

Verde River dams was 178,000 cfs in February 1980. The flood was due to heavy rains 

and rapid snowmelt in the watersheds. All bridges through Phoenix were forced to close 

during that flood except the Central Avenue Bridge. Subsequently, most of the remaining 

bridges crossing the Salt River have been rebuilt to withstand flow rates of 200,000 cfs 

and greater. High releases were also experienced in 1993 when winter floods (130,000 

cfs) caused extensive damage to property and crops throughout Maricopa County 

(USACE, 2006a). 

Perennial flows on the river also aided in the natural recharge of the aquifer and 

maintenance of groundwater levels. Combination of surface water diversion and 

groundwater extraction in the Southwest has caused some perennial rivers to become 

ephemeral and the effects have ranged from subtle impacts to the total loss of riparian 

vegetation (Stromberg and Tiler, 1996). By the 1900's, much of the Salt River Valley 

was waterlogged due to recharge from canal seepage and deep percolation combined with 

a lack of groundwater pumping. Beginning in the 1920's substantial groundwater 

pumping began for irrigation and to control shallow groundwater levels. Following 

World.War II advances in drilling and pump technology allowed extensive pumping from 



72 

deep aquifers to occur. The result of the groundwater pumping practices was extensive 

overdraft of the aquifer (USA CE, 2006a). 

Additional modifications to the river include channelization and soil cement banks, an in-

stream lake, and aggregate mining. Several reaches of the river through metropolitan 

Phoenix have been straightened and soil cement banks added to control erosion. In 

addition, the City of Tempe constructed the Tempe Town Lake with two inflatable rubber 

dams, pumps and soil cement. Aggregate mining is an ongoing process through 

numerous in and off-channel operations often excavating to over 100 feet below ground 

surface. The lack of appreciation of the value of the Salt River was best summed up in 

Mark Reisners Cadillac Desert (1986) with his colorful description of what he saw in the 

Salt River: 

"Phoenix owes its existence to this ephemeral desert river, but even so it doesn 't seem to 
hold the Salt in high esteem. On both banks, the floodplain is encroached on by 
industrial parks, trailer parks, RV parks, but no real parks. The flood channel itself has 
been developed to a degree, playing host to establishments which are, by nature 
transient: topless-bottomless joints, chop shops, cock-fighting emporia. Paris built its 
great cathedral by its river, Florence its palaces of art, Phoenix seems to have decided 
that its river is the proper place to relegate its sin. " 

With the amount of modifications described above one might wonder what has actually 

become of the river. In most locations it is merely a cobble and sand channel with 

occasional vegetation, Figure 5. Native river habitat is a mere semblance of the historic 

condition, although native vegetation does exist in some wetted locations. At several 

points cities discharge treated effluent into the river channel. Storm water outfalls 

provide both precipitation runoff and dry weather flows. Dry weather flows are generally 
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runoff from urban over irrigating, dewatering, and other discharges to the storm drain 

system. 

Figure 5 Salt River at 23rd Avenue, downtown Phoenix is in the background. 

Restoration Projects on the Salt River 

There are four active Corps restoration projects currently along the Salt River including; 

Va Shly' ay Akimel, Rio Salado, Rio Salado Oeste, and Tres Rios, see Figure 6. The 

projects are all cost shared with the Corps and non federal government entities. Rio 

Salado is under the final construction phases and construction has begun on Tres Rios. 

Va Shly-' ay Akimel and Rio Salado Oeste have completed feasibility reports and are 

currently awaiting Congressional Authorization. Beginning at Granite Reef Dam and 

working downstream the four projects are briefly described below 
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Figure 6 Restoration Projects on the Salt River in Phoenix, Rio Salado Oeste Feasibility Report (USACE, 2006a). 
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Va Shly'ay Akimel - This project is a partnership with the Salt River Maricopa Indian 

Community, City of Mesa, and Corps. The project area encompasses a 14-mile 

reach of the Salt River extending from immediately downstream of the Granite Reef Dam 

to the Pima Freeway, State Route 101. A feasibility study was completed in 2004 and 

Report of the Chief of Engineers signed in January 2005. The project is currently 

awaiting Congressional Authorization in WRDA 2007. Design is expected to begin in 

calendar year 2007. The project, as proposed, will restore and improve approximately 

1,487 acres of habitat, including 883 acres of Cottonwood/willow community, 380 acres 

of mesquite bosque, 200 acres of wetlands, and 24 acres of Sonoran desert scrub shrub 

(USA CE, 2004 ). 

Rio Salado- The project area is broken into two reaches including portions cost shared 

with the Cities of Tempe and Phoenix. The Tempe reach includes a section of Indian 

Bend Wash and the confluence with the Salt River and restoration of approximately 150 

acres of various habitat types. The Phoenix Reach extends from 28th Street downstream 

(west) to the 19th A venue Bridge, which is the upstream extend of the Rio Salado Oeste 

study area. The Phoenix reach includes restoration of approximately 550 acres. It 

includes construction of a low-flow channel in the river bottom, and establishment of 

open water, wetland marsh, cottonwood/willow, open edges, and mesquite habitat on the 

river bottom and over banks. The recreational elements associated with this project 

include trails, scenic overlooks, interpretive centers, gathering areas, parking, restrooms, 

and shad~ structures (USACE 2006a, 1998). 
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Tres Rios- Another Corps and City of Phoenix ecosystem restoration and flood damage 

reduction project extends for approximately 9 miles from the vicinity of g3rd Avenue to 

the confluence of the Gila and Agua Fria Rivers. A levee to reduce flood damages on the 

north bank of the river is in construction, and the restoration portion of the project is 

currently under design. Features of the restoration plan include a regulating wetland to 

even out diurnal variations in wastewater treatment-plant discharge, constructed wetlands 

arranged linearly along the north bank of the river, a pipeline from the over bank wetland 

leading to riparian corridors west of El Mirage Road, open water/marsh areas within the 

channel west of El Mirage Road, distribution of dewatering well water from the treatment 

plant to large open water/marsh and riparian areas along the south side of the river 

(USACE 2006a, 2000). 

Rio Salado Oeste- The Rio Salado Oeste project area extends from the downstream limit 

of Rio Salado (19th Avenue) to the upstream limit ofTres Rios (83rd Avenue). This is 

approximately 8 river miles. The recommended restoration plan includes restoration of 

four significant habitat types throughout the project area: cottonwood/willow (375 acres), 

mesquite ( 41 7), wetlands including within the river channel ( 190 acres), and restoration 

of 8 miles of river channel made up of approximately 500 acres of active channel and 

riparian scrub. Multiple measures make up the restoration plan, including, water supply 

and distribution, channel restoration, revegetation, and invasive-species removal 

(USACE, 2006a). The feasibility report was completed in October 2006 and Report of 

the Chief of Engineers signed in December. The project is currently awaiting 



77 

Congressional Authorization. In addition to the restoration plan there are recreation 

features ~ithin the project including multipurpose trails, shelters, signage, utilities, park 

furniture, and interpretive media. Access points are identified in the plan, with four drive

in points with parking facilities and five smaller access points for walk-in use. Although 

not cost-shareable by current Corps Policy, an environmental education center is included 

in the local (City of Phoenix) plan (USA CE, 2006a). 

Restoration Techniques on the Salt River 

The four feasibility reports above were reviewed for comparison of common restoration 

techniques within them, and Table 4 developed to summarize the techniques and their 

objectives. The table includes techniques and objectives used for restoration in projects 

on the Salt River. Since planning objectives listed in each of the four feasibility reports 

were of a general nature the objectives listed below were developed from additional 

communication with project managers, planners, and engineers. It is also based upon 

personal experience in leading the feasibility study for the Rio Salado Oeste project, 

formulating and evaluating project alternatives, and writing the feasibility report. 

The techniques fit into four main restoration categories: hydrologic, geomorphic, 

vegetation, and associated land acquisition. Hydrologic techniques include methods to 

restore water supply to the dried riverbed and require both the acquisition of a water 

supply and distribution of it to the project area. Geomorphic techniques include all of the 

actions required to restore the river channel including floodplain modification, channel 
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restoration, grade control and bank stabilization. Vegetation includes both the removal 

and control of invasive or exotic species and revegetation of native species. Associated 

but necessary activities include land acquisition and often debris removal and cleanup. 

Table 4 Techniques and Associated Objectives in Salt River Restoration Projects 

Technique Objective 

Provide water supply Replace modified hydrology 
Effluent Supply water to restored riparian and wetland habitats 
Storm water 
Groundwater 
River discharge 

Water distribution Replace modified hydrology 
Open Channels Distribute water to riparian and wetland habitats 
Piping 
Irrigation 

Reshape floodplain Improve/Restore floodplain structure 
Create conditions suitable for native species 
Convey flood flows 

Channel restoration/ low flow Improve channel structure 
channel construction Restore connectivity 

Convey flood flows 
Maintain restored habitats 
Create conditions for natural revegetation 

Install grade control Maintain channel structure 
Reduce channel degradation 

Bank stabilization Maintain floodplain structure 
Stabilize channel and banks 

Revegetation with native species Restore native riparian species 
Replace habitat structure 
Create habitat diversity 

Construct wetlands Restore wetland habitat 
Provide habitat for birds and wildlife 

Remove/control invasive species Restore native species 
Maintain hydraulic conveyance 
Reduce influence of invasive species 

Remove debris Clean up degraded floodplain 
Establish suitable conditions for native vegetation 

Acquire lands Secure land ownership (local sponsor) 
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Comparison of techniques 

There are some commonalities between the techniques and objectives described for 

projects within the Upper Mississippi River System (UMRS) and the Salt River. Both 

river systems have been severely impacted by human modifications to flow regimes and 

floodplains. Objectives common to both systems include improving floodplain habitat 

through alternation of hydro logic and geomorphic conditions as well as changes to 

vegetation. Water level management for the purpose of restoring natural hydro logic 

cycles on the UMRS is similar to that of providing water supply and distribution for the 

purpose of replacing lost hydrology. The numerous structural modifications to channels 

and floodplain have similarities to channel modifications utilized in the Salt River. 

Bottomland forest restoration, wetland creation, and vegetative plantings on the UMRS 

are similar to revegetation and wetland restoration utilized in the Salt River. 

The combination of the impacts of dams, diversions, groundwater overdraft and 

urbanization on the Salt River through Phoenix is severe. Dams, river management and 

diversions are more pronounced in desert rivers (Kingsford et al., 2006). This degree of 

modification and of environmental degradation requires more extreme measures to 

attempt restoration. Carothers et al., (1989) state that the unique problem of revegetation 

in the arid and semi arid Southwest in that the vegetation needs to be irrigated. Restoring 

aquatic ecosystems under the constraint of limited water supply is unique. While there 

are conceptual similarities between the techniques above, the magnitude of the problem 

and constraints on the system make distinctions in how restoration projects are planned, 
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designed, and implemented on the Salt River or any arid system with similar conditions. 

Detailed descriptions of restoration techniques applied on the Salt River follow. 

Hydrology 

Water is the most important factor involved in river restoration, although often taken for 

granted. Poff et al., (1987) describe the importance of the natural flow regime in 

restoration, but if return of flow isn't possible other modifications may be beneficial to 

the system. This is the case for the Salt River in Phoenix, where return of a natural flow 

regime is not likely, not feasible, and not socially acceptable. Base flows have been 

removed from the Salt River system. Therefore alternative water sources and · 

geomorphic modifications are necessary to meet project objectives. Water supply to 

these four restoration projects consists of groundwater, storm water, treated effluent, and 

when available flowing river water released from upstream dams. 

Groundwater 

Groundwater does not appear as an issue in the humid region projects as described 

earlier; infiltration, through flow and groundwater are more significant contributors to 

throughput in humid zones and often taken for granted. Therefore, groundwater as a 

limiting factor is not likely in humid zones as it often is in drylands. The importance 

cannot be overstated as it is a major water source for riparian ecosystems that are 

intricately coupled to both ground and surface water (Baird et al., 2005). Contribution of 

groundwater to channels enables the establishment of rich riparian vegetation, especially 
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in dry climates where it is a limiting factor (NRC, 2002). In many cases groundwater has 

been utilized to such an extent that there is no longer a connection to river channels. 

Depth to groundwater in the Phoenix area varies depending on several factors. In 

general, the depth varies from less than 100 to nearly 1,000 feet depending on location 

across the valley (ADWR, 1999). Groundwater levels adjacent to the Salt River channel 

vary from 20 to 60 feet below ground surface (USACE, 2006a). Although some areas 

near the Salt/Gila confluence are waterlogged with depth to groundwater less than 10 

feet, this is attributed to: natural drainage, crop irrigation, canal seepage, and discharge of 

effluent (ADWR, 1999). Restoration of predevelopment groundwater levels is not 

feasible as the quantity of water required to do so is not available and surface flows are 

entirely appropriated with an ever growing population. There is a potential to utilize 

groundwater for restoration in some cases as described below. 

Rio Salado- Local groundwater is currently a water source for the Rio Salado Habitat 

Restoration Project. That project identified available shallow groundwater in the study 

area that could be pumped with extraction wells located on the north and south banks 

through the five mile project reach. Each well is designed to provide approximately 1 

million gallons per day (mgd) average. Volatile Organic Compound levels in the local 

groundwater dictate that well head treatment is necessary to improve water quality. Once 

applied to the project for irrigation, it was estimated that 61 percent of the water will 

recharge back to the aquifer (USACE, 1998). Utilization of a shallow, slightly 
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contaminated source of groundwater provides water to support revegetation. Although 

improving water quality was not a project objective a secondary benefit is that the water 

is decontaminated and recharged. 

Rio Salado Oeste- Although much of the regional groundwater is deeper than can support 

riparian vegetation there are areas of shallow groundwater in several reaches of the Salt 

River. These are largely due to discharge of effluent from the wastewater treatment 

plants (ADWR, 1999). One such area is the Rio Salado Oeste project reach between 19th 

and 83rd Avenues where the 23rd Avenue Waste Water Treatment Plant discharges to the 

river channel in two locations . . The effluent discharge from this plant in the period from 

1996-2002 averaged 59,000 acre feet/yr. Of that amount an average of approximately 

18,000 acre-feet/yr was discharged to the river channel (USACE, 2006a Appendix B). 

The remaining effluent is distributed to local irrigation districts and other users. 

Static water levels within the river channel range from 20 to 50 feet below ground surface 

(USA CE, 2006a). Observations of fluctuating water levels in an abandoned gravel pit at 

35th Avenue suggested that there was shallow groundwater in this reach of river. That 

was confirmed through comparison of 2002 Arizona Department of Water Resources 

(ADWR) well data to ground surface elevations, which indicated that there is potential 

for groundwater in the channel at a depth of 0-12 feet (USACE 2006a). Groundwater is 

shallow in this are for two primary reasons including the constant discharge of effluent 

immediately upstream and depth that the gravel mining has excavated. However, these 
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water levels fluctuate both seasonally and annually and there is uncertainty as to the 

future levels of shallow groundwater. If effluent discharges to the river channel are 

ended it is likely that the groundwater in this location will no longer be recharged, other 

than during flood events. 

Effluent 

Treated effluent is currently discharged to the otherwise dry Salt River channel in several 

locations; including the Mesa wastewater treatment plant and two plants in Phoenix. The 

ADWR estimated that based on 100 gallons of effluent produced at treatment plants, per 

person/per day, the area produced 286,000 acre-feet of effluent in 1995. Of that, 

approximately 53,000 acre-feet left the area in the Salt and Gila River channels with the 

remainder being utilized for irrigation, industry, and to a small extent recharge (ADWR, 

1999). These estimates are now dated and the quantities of effluent in the metro area 

have significantly increased with population growth. The City of Phoenix reports that in 

addition to the effluent reused by various entities, between 13 and 20 billion gallons 

(39,895-61,317 acre-feet) per year are discharged to the river at 91 st Avenue (City of 

Phoenix Web Site). There is a study currently underway to considering use of this 

effluent for groundwater recharge along the Agua Fria River. Availability of effluent and 

location of wastewater treatment plants adjacent to the Salt River make it an opportune 

source for use in restoration. 
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Tres Rios- The City of Phoenix operates the 91 st A venue Wastewater Treatment Plant, 

with a current capacity of 179 mgd (http://phoenix.gov/PCD/srog.html). The Tres Rios 

Restoration Project which begins at approximately 83rd Avenue on the Salt River and 

continues downstream to the confluence of the Agua Fria River proposes use of effluent 

for restoration. There are diurnal variations in the amount of wastewater discharged from 

the plant that need to be dampened to allow a consistent discharge. The plan includes 

construction of wetlands to buffer diurnal flow rates before being discharged to over bank 

wetlands and eventually the river channel (USA CE, 2000b ). When constructed this 

effluent will support riparian corridor and in stream open water marsh as well as continue 

to support flows in the effluent dominated stream. Estimated consumptive use by . 

vegetation in the recommended restoration plan is approximately 24,000 .acre feet/year 

including infiltration and evapotranspiration (USA CE, 2000b ). 

Rio Salado Oeste- The Rio Salado Oeste restoration project also proposes the use of 

effluent as a water source. The City of Phoenix 23rd Avenue Wastewater Treatment Plant 

discharges to the Salt River within the 8 mile reach proposed for restoration. Of the 

current quantities available the City has estimated that 8 mgd (8,964 ac-ft) would be 

available annually over the life of the project for use in supporting revegetation (USA CE, 

2006a). Use of this effluent will include a distribution system for delivery of water 

throughout the 8 mile river reach. 
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Storm water 

Numerous storm drains discharge to the Salt River. Although rainfall in the area 

averages 8 inches year, the quantity of discharge at those outfalls is substantial. Monthly 

and annual amount of runoff was calculated from each of the storm water outfalls based 

upon drainage area and average rainfall. At eight outfalls in the Oeste reach of river, an 

estimated 2,863 acre feet/year is possible to be discharged (USACE, 2006a). This does 

not include dry weather flows which, are flows occurring in a storm water drainage 

without storm water and likely come from several sources including unauthorized 

discharges, industrial wastewater; lawn irrigation runoff; foundation drainage; wash 

water such as from cars and industrial sites; unauthorized disposals; and other 

miscellaneous entries (EPA Terminology Reference System). Runoff from storm water 

outfalls in the Oeste reach of the river have been observed in some locations to support 

large amounts of vegetation, Figure 7. 

Figure 7 Vegetation at the 43rd Avenue Storm water Outfall, Salt River. 
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The Rio Salado Oeste restoration plan proposes to modify the existing outfalls through 

removing invasive vegetation, engineering diversion structures and grading to maximize 

spreading of the water discharged, and revegetation (USA CE, 2006a). However, recent 

research has documented that the seed bank within the area includes significant amount 

of native species, and there is the potential for natural regeneration (White, 2006). This is 

further supported by observations of the numbers of cottonwoods and willows that have 

grown adjacent to canals and flooded irrigation areas in the Rio Salado project area. 

Geomorphology 

Since the Salt River flows through a highly developed city and has been encroached upon 

there is little opportunity to entirely restore a pre-disturbance channel. Flood flows that 

dictate channel form have been reduced and channel disturbance is now man made in the 

form of aggregate mining and development. There are numerous constraints on what can 

be done to restore geomorphic processes. As referenced earlier, Graf (2000) found that 

the historic channel migrated up to a mile or more. Since the river has been encroached 

upon and channelized this migration is no longer possible. The river does flood, although 

not as frequently as it did prior to dam construction and these occasional flood events do 

affect the channel form through the metro area. 

Channel 

Channel restoration is an area where there are similarities to humid rivers regardless of 

the presence or absence of channel forming flows. The existing channel of the river has 
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been modified not only by the channelization to reduce flooding and allow development 

but also by instream aggregate mining. A constraint and driving factor in many channel 

modifications for restoration on the Salt River is the need to avoid inducing flood 

damages on adjacent areas. To avoid increasing the water surface elevation during a 

flood the Rio Salado project includes a low flow channel that was constructed to convey 

the flood flows, ensure that instream vegetation does not induce flood damages, and 

reduce the potential for damage to vegetation growing on the adjacent terraces and 

remaining floodplain. This channel was tested before completion of project construction, 

when snow melt and rain fall exceeded the capacity of the Verde River dams and there 

were flows in the Salt River from December 31, 2004 through February 2005, Figure 8. 

Figure 8 Salt River downstream from Central Ave. Bridge, 12/31/07 
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Rio Salado Oeste- Within the Rio Salado Oeste reach of the river there are numerous 

mining operations which have modified the entire channel. These act as instream 

sediment traps and alter the manner that sediments may be redeposited during flood 

events (USACE, 2006a). Channel restoration in the Rio Salado Oeste plan is based upon 

historic conditions, hydraulics, and geomorphology. It would be accomplished by 

grading and excavation of materials to re-establish a more natural channel through the 

study reach. This serves several purposes: connectivity, transport low flows to adjacent 

habitats, convey flood flows, and reduce flood elevation on adjacent terraces and 

floodplains (USA CE, 2006a). The plan allows for some movement of the channel when 

there is a flood event, although protection of infrastructure is necessary and channel 

migration will still be somewhat controlled due to the location of the project area with 

industrial, commercial and residential properties lining the river. 

The channel design includes a low flow section with an average depth of 5 feet and width 

varying between 200-500 feet. The channel design passes a (22,000 cfs) discharge or a 5 

yr event. Included in the design is one grade control drop structure constructed from 

roller compacted concrete and grouted stone (USACE, 2006a). Based upon observations 

of the low flow channel in the Rio Salado project upstream it was assumed that this low 

flow channel would revegetate rapidly with wetland and riparian species. The channel in 

the Rio Salado project is frequently inundated with dry weather and storm water flows 

and is composed of emergent wetland and riparian vegetation. 
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The restoration plans for Rio Salado Oeste and Va Shly' ay both account for instream 

aggregate operations (USA CE, 2004; 2006a). These include reshaping of the floodplain 

to restore a connected functioning river channel. In the Oeste plan two large gravel pits 

would be regraded and planted with riparian vegetation, while allowing the active river 

channel to flow through and past the existing pits (USACE 2006a). This would reduce 

the extent that the instream pits impact sediment transport and flows. 

Vegetation 

Restoration of native vegetation is not a unique aspect in dryland rivers. Many projects 

in different areas incorporate revegetation or removal of exotic vegetation to some 

degree. What is distinctive is the number of projects with restoration of native riparian 

vegetation as a goal. This is largely due to the significance of riparian vegetation in arid 

ecosystems as described earlier. Johnson and Haight (1984) called Southwest 

riparian/wetland ecosystems some of the most endangered in the world due to their 

support of rich biota and fact that between 7 5 and 90 percent have been destroyed. 

Although they represent less than 1 % of the region's area (Knopf, 1989), a large 

proportion (75-80%) (Gillis, 1991) of vertebrate wildlife species depends on riparian 

areas for food, water, cover, and migration routes. 

A distinction of revegetation in dry land rivers is tied to the heterogeneity and variability 

of vegetation both spatially and temporally. Vegetation is dependent on water supply and 

in undisturbed locations relies on base flow, hillslope runoff and channel flows. It is 
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more lush where there is sufficient water and more xeric when the water is diminished. 

This structure across the zone of hydro logic influence is different from humid river 

systems and distinguishes dryland rivers. Riparian vegetation is often in linear strands in 

dry land rivers and can also occur hundreds of feet from the active channel (NRC, 2002; 

Naiman and Decamps 1997). Riparian revegetation is the key theme for restoration 

projects on the Salt River. This includes combinations of the three classifications defined 

in Johnson (1984): hydroriparian, mesoriparian, and xeroriparian. 

Projects on the Salt River all include restoration of important riparian cover types 

throughout the system. These include cottonwood, willow, mesquite, riparian scrub and 

emergent wetlands. Revegetation strategies are both active and passive. Active 

revegetation includes planting of poles or container grown tree and shrub species and 

application of water (USA CE, 2004; USA CE, 2006a). Passive restoration includes 

hydrogeomorphic modifications to restore a more natural floodplain condition and allow 

natural recruitment. This is the case in Rio Salado Oeste where it is presumed that native 

vegetation will be restored with restoration of the low flow portion of the channel much 

like occurred in the Rio Salado reach of the river (USA CE, 2006a). The Va Shly' ay 

project includes similar modifications to the channel and assumes that with additional 

water supply and invasive species removal there will be natural recruitment and increased 

native vegetation through the floodplain (USACE, 2004). 
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Since water supply is limiting, irrigation of newly planted vegetation will be required, at 

least temporarily. Irrigation strategies for revegetation include installation of typical drip 

irrigation systems as well as flood irrigation. The Va Shly' ay project proposal includes a 

Surface Braided Irrigation Network or series of shallow ditches (6 inch deep by 3 feet 

wide) fed by flood irrigation (USACE, 2004). 

Land Ownership 

Bernhardt and Palmer (2007) describe more expensive and difficult land acquisition for 

restoration in urban steams. This effect is magnified in drylands. Under the Equal 

Footing Doctrine lands beneath rivers were transferred to states at time of statehood. In 

the case of the Salt River, which was not navigable at statehood, much of the land within 

the river channel is in private ownership. Some areas are being mined for aggregate, 

which adds mineral values to land costs. In the Rio Salado Oeste project area 

approximately 2,100 of the 3,200 acres in the 100 year floodplain are privately owned 

and land costs encompass $56 million of the $153 million dollar project (USACE, 

2006a). In discussing the implications of land ownership on river restoration the major 

distinction in drylands is the acquisition of lands for the project. This is not often an 

issue in perennial rivers, even where lands beneath the waters may be privately owned by 

riparian landowners. 
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Restoration Costs 

Ecosystem restoration projects are not evaluated with the traditional benefit to cost ratios 

as other water resource projects. Ecosystem benefits are not monetized, instead they are 

evaluated with various metrics including models that measure habitat units (USFWS, 

1980) hydrogeomorphic functional units (Brinson, 1995), acres of habitat, or river miles 

(USACE, 2000). Selection of a restoration plan seeks to maximize the ecosystem 

restoration benefits compared to costs. Comparison of plans also considers other criteria 

such as ecosystem scarcity, habitat for protected species, etc (USACE, 2000). 

Although Federal policy calls for numerous metrics in evaluating ecosystem restoration 

(USACE, 2006c ), cost per acre is usually referred to when comparing projects. The 

Office of Management and Budget (0MB) is the office responsible for preparing and 

submitting the Administration budget to Congress. Criteria utilized by 0MB for 

evaluating the effectiveness of the aquatic ecosystem restoration program includes the 

measure of; "Dollars per acre to restore, create, improve, or protect nationally 

significant habitat" (0MB, 2007). Table 5, lists some WRDA projects costs presented at 

the 2nd National Conference on Ecosystem Restoration (Lamont and McKevitt, 2007). 

The projects listed have a wide range of costs ($2 million - $105 million) and number of 

acres restored (51-4,700). Although not originally presented in terms of cost per acre, 

that calculation has been added to this table. The cost per acre for restoration ranges 

from $723/acre for the Lower Savannah River, Georgia to $200,000/acre at Rio Salado 

on the Salt River, Arizona. 
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Table 5 Cost for Various WRDAA h . dR ut orize estorat1on p . t ro.1ec s 
Project Cost Acres Cost/Acre 

Anacostia River, MD $7,700,000 51 $ 150,980 
Lower Savannah River $3,400,000 4700 $ 723 
Lower Cape May N.J. $ 7,400,000 343 $ 21,574 
Rio Salado, AZ $ 105,000,000 525 $ 200,000 
WolfRiver, TN $13,100,000 2000 $ 6,550 
Chesapeake Bay $2,000,000 64 $ 31,250 
Yolo Basin, Sacramento $ 11,900,000 3700 $ 3,216 
Sonoma Bay lands, CA $ 10,000,000 320 $ 31,250 

It is misleading to use cost per acre as a comparison because the lowest cost per acre 

projects (Lower Savannah River and Yolo Basin) do not include real estate costs 

(USA CE, 2003; USA CE- Sacramento website, 2007). The Lower Savannah River 

project included modifications within the river channel to alter flows to bottomland 

forests and wetlands (USACE, 1995). In comparison, the costs for the Rio Salado project 

in the table include; lands, appropriation and distribution of water supply, and channel 

modifications to accomplish restoration. 

Regional differences in cost and the extent of the actions required to restore a system 

must be factored into budgetary decisions. Water resource projects in arid regions of the 

country will be inherently more costly because of the degree of hydro logic modification 

that has occurred and magnitude of engineering required for restoration. Land costs are 

also higher when non-navigable waterways are privately owned. Water, being a 

commodity in the West, has an associated cost for acquisition and delivery. Nearly 50% 

of the $153,000,000 Rio Salado Oeste construction estimate is for water supply and 
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distribution; $56,000,000 (36%) is for lands, and $22,000,000 (14%) water supply and 

distribution (USACE, 2006a). Although water supply and lands can add as much as 50% 

to project cost in a dryland river restoration project, the benefits provided from restoring 

riparian ecosystems in the desert are substantial. 

Without taking regional differences into account, comparison of costs as a decision 

making criteria is flawed. Comparison of benefits and costs is a well founded water 

resource planning tool but should not be the only, or even the primary decision criteria 

for making budgetary decisions in ecosystem restoration. Instead of comparing project 

costs, other criteria should be used. Recommendations for comparison of projects follow: 

• Comparison of restoration projects in terms of cost per acre is invalid and should 
be avoided. 

• Metrics used in comparing projects should be measurable, and based upon 
significance as defined by the Economic and Environmental Principles and 
Guidelines (P&G) (Water Resource Council, 1983). Significance of 
environmental resources can be established by institutional, public, or technical 
recognition of their importance. 

• Instead of comparing costs more weight should be placed on items within existing 
budget criteria (USA CE, 2006c) such as scarcity of habitat to be restored, 
connectivity (extent to which a project facilitates movement of native species), 
and contribution to special status species. 

• Restoration projects often provide economic benefits and those should be 
accounted for in budget decisions. For example, the City of Phoenix estimates 
that $325-$400 million in redevelopment has occurred adjacent to the Rio Salado 
restoration project (USACE, 2006a). 
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Summary 

Distinctions within dryland rivers have implications for water resource planners and 

engineers that must be considered differently from projects in more humid regions. 

Measures with which restoration is carried out are often driven by hydrologic differences 

and the implications that they bring. This includes the need for water supply or 

restoration of flow, which are often taken for granted when considering restoration of an 

aquatic ecosystem in other environments. Restoration objectives and practices in humid 

rivers are largely focused on in stream habitat, water quality, bank stabilization, and to 

some degree flow modification. Those in dryland rivers largely focus on riparian 

restoration and flow modification or restoration of flows. 

The most important distinctions of restoration in dry land rivers include acquisition and 

distribution of water and land acquisition. The hydro logic connectivity has been 

extensively modified; making the need for and methods of, providing water supply and 

distribution to projects a major focus. Water is a commodity in the arid West and often 

must be acquired in order to utilize in restoration. Likewise ephemeral and intermittent 

streambeds are often in private ownership. In perennial systems, where lands under the 

water may be privately owned, the water above is maintained in public trust. When both 

lands and waters have costs a project will be inherently more expensive to implement. 

Finally, the technical and legal differences described here have implications on project 

costs. Table 5 displays the wide variation in costs between projects across the country. 
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Reliance on that cost information for determining budgetary priorities is flawed, although 

often applied. Projects restoring ecosystems within different regions will have inherently 

different costs. This paper has described the distinctions of dryland rivers and 

implications upon cost to accomplish restoration. Therefore other criteria must be used 

when comparing between projects. This is true for the large differences between humid 

and dryland region rivers, but also for other types of ecosystems and restoration of them. 
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CONCLUSION 

River restoration has become an enormous undertaking with over one billion dollars a 

year spent over the past decade (Bernhardt et al., 2005). Because society has recognized 

the necessity to restore the degradation that has occurred this is likely to continue. 

Nineteen of the 44 projects considered for authorization in the 2007 WRDA include 

ecosystem restoration purposes. Six of those (32%) are in semi-arid to arid portions of 

the country, including four in Arizona (HR 1495). As populations continue to grow in 

the dryland regions of the country, and as climatic changes result in extreme droughts and 

flooding, the needs for river restoration for wildlife habitat, flood control, and water reuse 

opportunities will likely become more important. Not only will the importance of 

restoration in drylands grow, but the challenges presented to water resource planners and 

engineers, and project costs will increase. 

Rivers occurring within drylands have distinct characteristics from those in humid 

environments. In the context of ecosystem restoration the effects of the variability, high 

and low flows, and channel formation are fundamental. Flow variability and linked 

geomorphological pro·cesses in drylands determine the extent of available habitat more 

than in humid rivers (Kingsford, 2006). By their very nature drylands have scarce water 

supply, in cases where that has been modified by development the challenges to 

restoration increase. Restoration objectives and practices differ in the two regions, with 

humid region projects focusing on instream habitat, while flow modification and 
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revegetation are more common objectives in drylands. Perhaps the most important, and 

challenging, aspect of dry land river restoration is return of hydro logic connectivity. 

Projects restoring ecosystems within different regions will have inherently different costs 

and benefits. Technical and legal distinctions within dryland rivers pose unique 

challenges and also have implications on project costs. Since billions of dollars are being 

spent on restoration, decision makers must set budget priorities and often use cost per 

acre in doing so. As described in this paper, focus on cost per acre to determine funding 

priorities is flawed and other criteria must be used in the budget decision process. 

This paper has described the distinctions of dry land rivers and implications of those 

distinctions on restoration. Although often more costly to restore, the importance of 

functioning riverine ecosystems in drylands cannot be understated. Southwest riparian 

ecosystems are so unique because of their rarity; covering merely 1 % of the regions area 

(Knopf, 1989), they support some of the most productive ecosystems in North America 

(Johnson and Haight, 1984). A large proportion (75-80%) of vertebrate wildlife species 

depends on riparian areas for food, water, cover, and migration routes (Gillis, 1991). 

That importance will continue to grow with populations living in drylands. 
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