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ABSTRACT 

The goal of this thesis is to propose water resource management recommenda

tions which can contribute to the long-term existence of the lower Cienega Creek 

riparian area. The objectives are to develop an understanding of the physical, legal, 

and institutional settings, and to show how those factors have contributed to its 

current condition. Recommendations are based on a long-term management goal to 

maintain the riparian area. Potential threats and impacts which would cause severe 

damage to the area are described. 

The research includes a combination of a literature search, a water resource 

and water rights data and records review and analysis, and personal interviews and 

historical research. 

The thesis concludes that the Cienega Creek watershed is relatively 

undeveloped with regard to water consumption. The current condition of the 

riparian area can be attributed principally to entrenchment and climate change and 

variation. However, groundwater use looms as a threat to the riparian area. Water 

management decisions that allow unregulated groundwater development and a high 

zoning density standard could combine to deplete water resources of the lower 

Cienega Creek riparian area. 
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INTRODUCTION 
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Riparian areas in Arizona have been on the decline for decades, especially those 

riparian areas associated with perennial streams or once perennial streams. Major 

contributing influences to the decline of these important and valuable environmental 

features have included groundwater level declines from groundwater pumping, 

grazing, climatic and hydrologic conditions and entrenchment. Several authors have 

written about the major decline of ground water, which may have had the most 

significant impact on perennial stream flows and, thereby, riparian areas. 

Groundwater decline has been a major source of scientific, legal, and political 

discussion and debate in Arizona. When groundwater levels dropped hundreds of 

feet in some areas of the state, streams dried up, water wells had to be drilled to 

greater depths, and aquifer compaction created land subsidence and fissures. 

Arizona's response has been to pass the Arizona Ground Water Management Act 

(GMA) and to build the Central Arizona Project (CAP). 

Calls for action to protect riparian areas have been ongoing for years. For 

example, take the following quotes from Kusler (1985): "Riparian habitat in the arid 

and semi-arid west is a vanishing resource equal to or greater in value than the 

wetlands of the mid west, east, and south." "The time is ripe for a coordinated habitat 

protection effort." (USDA Forest Service, 1985), and statements like these by Fort 

(1993): "Is there a need for a new national initiative to protect, preserve, and restore 

riparian areas?" "Partnerships and new management models hold enormous hope for 
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riparian protection." and "Improved management of water is critical to all of these 

efforts." (USDA Forest Service, 1993). 

In recent years, the State of Arizona has begun to recognize the status and 

condition of riparian areas in the State. During the last legislative session, the State 

Legislature passed a bill that required three State agencies to produce reports 

essentially outlining the existence and condition of riparian areas in the State. The 

bill also establishes the Riparian Area Advisory Committee which will make 

recommendations to the legislature regarding protection of riparian areas based on 

the three reports. The extent of the State's growing interest in ecological protection 

can also be evidenced by House Bill (HB) 2590, which is under consideration by the 

current (1994) legislature. HB 2590 is intended, among other things, to "PROTECT 

AND RESTORE THIS STATE'S RIVERS AND STREAMS AND ASSOCIATED 

RIPARIAN HABITATS, INCLUDING FISH AND WILDLIFE RESOURCES 

THAT ARE DEPENDENT ON THOSE HABITATS ... ". 

Conceptually and philosophically, during the writing of this report, this author 

has had difficulty accepting the fact that riparian areas in Arizona are not always well 

received. Even though the general political consensus may be heading toward 

riparian protection, not everyone is happy with this prospect. This is understandable 

because policy changes usually face opposition, and such riparian protection policy 

could carry economic consequences. Opposition to this potential legislation was 

evidenced at a public meeting held March 17, 1994, sponsored by the Arizona Dept. 

of Water Resources (ADWR) to discuss the riparian protection legislative reports 
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mentioned above. However, this author also sensed that people throughout the State 

are becoming increasingly aware and sensitive to the value of maintaining the few 

remaining free-flowing, natural-occurring streams in the State (USDA Forest Service, 

1993). Each of these streams, especially those that are located in southern Arizona, 

possesses an almost exotic atmosphere situated in the desert valleys. It does not 

make sense that anyone who visits one of these lush naturally green sites would not 

want to protect it, and it makes even less sense in a state that has a $300 million golf 

industry that relies on irrigation to keep grass green. It took a crisis situation for the 

State of Arizona to take major action to protect its groundwater. Now, some would 

say that the State's riparian areas are in a crisis situation. However, some also argue 

that there are actually more riparian areas than ever. Such comments were heard 

at the same ADWR public meeting mentioned above. It appears that these 

references are aimed at some of the effluent created riparian areas. In any case, 

protection of riparian areas in Arizona is bumping up against the age-old argument 

of preservation versus development. This author personally favors preservation, but 

the question will be: how? Maybe we should surround each of the remaining 

riparian areas in southern Arizona with a golf course. 

Cienega Creek contains two perennial stream reaches. The stream reach and 

the associated riparian area that is located in the lower Cienega Creek watershed are 

the subjects of this thesis. The lower Cienega Creek watershed is geographically 

delineated by the area of the watershed below The Narrows (Figure 2). The riparian 

area begins near 1-10 and extends about 10 miles downstream (Figures 1 and 2). The 
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lower Cienega Creek riparian area exists today for many reasons, and it is threatened 

in many ways, but the principal focus of this thesis is on the water resource and its 

management, how the riparian area is dependent on water, and how the management 

of the water resources poses a threat to the riparian area. 

The management of water resources is critical to the existence of the riparian 

area. The question is: at what level ( quantity and quality of riparian features) do we 

wish the riparian area to exist and how do we proceed toward achieving that level 

through water resources management? Water management goals aimed at achieving 

a desired riparian area condition must be driven by clear goals for the riparian area. 

The establishment of riparian area goals should consider two broad points: (1) the 

condition of the riparian area at the time the goals are established and the factors 

which led to that condition, and (2) the potential (natural) condition of the riparian 

area (i.e., the condition of the riparian area absent any human influence on the 

riparian area). This is especially true with "natural" riparian areas, as with the lower 

Cienega Creek area. The goals then will fall into one of three broad categories: (1) 

goals based on some level of acceptable degradation, (2) preservation of existing 

conditions, or (3) improvement or enhancement of riparian conditions toward some 

level, the assumption here being that there is some maximum level and that it is 

achievable. 

In the first part of this thesis, the physical setting and some of the physical 

factors that have contributed to the current condition of the riparian area will be 

reviewed. Factors of regional and historic significance are reviewed, and attempts 
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are made to show how they relate to Cienega Creek. The second part of this thesis 

will review the institutional setting and how it has reacted and interacted and the role 

it has played in the shaping the current condition of the riparian area. In this part, 

the federal, state, and county resource policies and administrative authorities in the 

Cienega Creek basin are discussed. Also included is a separate section on various 

riparian management strategies. The third major section of this thesis will discuss 

the threats to the lower Cienega Creek riparian area with a major focus on the threat 

from water use. In this part, there are some estimates of the general order of 

magnitude of water use within the basin based on surface water and groundwater 

records (surface water rights and groundwater well registry) obtained from the 

ADWR. The final two parts cover the results, conclusions, and recommendations of 

this work. The major conclusions will address the condition of the riparian area, 

major factors that led to the condition, and major threats, from a water resources 

standpoint. Recommendations will assume a general goal statement which will fall 

into one of the three broad categories listed above and will be aimed at achieving 

that goal. 

This thesis is one of five separate thesis projects and one senior honors project 

that will be produced as part of a joint research project designed to study the lower 

Cienega Creek watershed. The honors project was a water budget study conducted 

by Beth Ann Kurtz. The other thesis projects include a groundwater flow model by 

Damaris Chong-Diaz, a study of the surface water statistics by Stephanie Ness, a 

hydrogeology study by William Ellett, and a water chemistry study by Howard Grahn. 
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For future reference, a composite summary of these projects may be written by The 

University of Arizona's Department of Hydrology. 

One of the greatest values that this report may have is in setting the stage for 

future work. When the project first began, it felt at times as if we were working in 

a vacuum, because our knowledge of the setting and the resources was so minimal. 

Throughout the process, we all became more knowledgeable and hopefully better 

prepared. Therefore, if this thesis has any future value, I hope at least that it helps 

guide future Cienega Creek projects. 



CHAPTER TWO 

THE PHYSICAL SETTING 

General Characteristics 

15 

The Cienega Creek watershed is located southeast of Tucson about 25 miles on 

1-10 (Figure 1). The elevation of the watershed ranges from about 3200 feet near 

Vail to over 9400 feet in the Santa Rita Mountains. The watershed is bounded by 

the Rincon Mountains to the north, the Whetstone Mountains on the east, the Santa 

Rita Mountains on the west, and the Canelo Hills to the south (Figure 2). The head

waters of Cienega Creek are in the south and southwest regions of the watershed. 

Cienega Creek generally flows northward until it reaches approximately the north

central portion of the watershed where it turns westward, flowing west/northwest 

toward Tucson. Then, in the vicinity of Vail, within a mile or two, the nomenclature 

of Cienega Creek changes to Pantano Wash, which is also generally coincident with 

the boundary region between the Cienega Creek groundwater basin and the Tucson 

groundwater basin. Pantano Wash combines with the Tanque Verde Wash to 

become Rillito Creek in northcentral Tucson. Rillito Creek is a tributary to the 

Santa Cruz River ot the northwest side of Tucson. 

Cienega Creek has two naturally flowing perennial reaches. One reach is 

located in the central portion of the watershed. Cienega Creek surfaces in the south

central part of the watershed and flows for about ten miles before disappearing 

underground. 
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The second perennial reach, located in the lower basin, arises about one-half 

mile downstream from (north of) 1-10 and terminates as it seeps into the ground 

about ten miles downstream, about two miles upstream from Vail. This reach of 

lower Cienega Creek is generally intermittent but perennial along some reaches 

(Pima County Flood Control District, 1991). 

Near the place where the lower perennial reach terminates is a small dam which 

acts as a surface/subsurface water diversion of Cienega Creek for the Del Lago 

Water Company. The watershed, as measured from the Del Lago Dam, is about 457 

square miles (Fonseca et al., 1990; U.S Geological Survey, 1989) with about 277 

square miles of the drainage (Pima County Dept. of Transportation and Flood 

Control District, 1992) upstream of the 1-10 crossing near the eastern end of the 

lower perennial reach. The map depicted in Figure 2 was originally developed by 

the Pima County Dept. of Transportation and Flood Control District. It shows the 

northwest boundary of the basin as it crosses Cienega Creek, actually between the 

Del Lago Dam and 1-10. The area of the basin as it is shown is 365 square miles. 

The study area for this project is the lower basin, as it extends down to Del Lago 

Dam. Del Lago Dam is located about one mile downstream on Cienega Creek from 

the northwest boundary line (Figure 2). 

Average annual precipitation in the watershed ranges from 12 inches per year 

in the valley floor to more than 30 inches in the Santa Rita Mountains (Kennard et 

al., 1988). Average annual precipitation along the lower perennial reach is 14 inches 

and was measured as low as four inches in 1989 and as high as 18 inches in 1990 
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(Pima County Dept. of Transportation and Flood Planning and Development 

Division, 1993). Average monthly temperatures range from a summer time high of 

103° F to a winter time low of 27° F (Arizona Dept. of Water Resources, 1991). 

Along the lower perennial reach, average temperatures range from 45° Fin January 

to 80° F in July (Pima County Dept. of Transportation and Flood Planning and 

Development Division, 1993). 

Generally, surface water occurs in the basin as the result of surface runoff or 

from base flow. Surface runoff will occur after a precipitation event large enough 

to produce storm flow. Base flow in the Cienega Creek basin is a surface expression 

of the basin groundwater. Basin groundwater and, to an extent, surface runoff, is 

controlled by the basin geology. Total annual surface water and groundwater outflow 

from the basin, into the Tucson basin, is estimated to be 6000 acre feet (Kennard et 

al., 1988). This volume is nearly 10% of the natural recharge to the Tucson basin 

groundwater (Tucson Active Management Area, 1988). About 2700 acre feet of this 

is estimated to be surface water (Kennard et al., 1988). 

Geo hydrology 

Other reports discuss the geologic formations, including the hydrogeology project 

by W.J. Ellett (1994) that is being conducted as part of the Cienega Creek team 

research. It is not my intention to discuss the hydrogeology in detail here, rather 

only to provide a simplified description for reference purposes. A simplified 
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description of the basin geology would characterize the basin as consisting of four 

basic formations (Kennard et al., 1988; Errol Montgomery and Associates, Inc., 

1985). The underlying formation consists of a predominantly sedimentary bedrock 

complex. This formation acts as the lower limit of the groundwater flow in the basin. 

Where this formation approaches the surface or appears as an outcrop in the valley, 

groundwater can be forced to the surface and can appear as surface water. This is 

thought to be the mechanism that has created surface flow conditions at the upper 

and lower Cienega Creek perennial reaches. In fact, one such feature of this 

formation created what is commonly referred to as The Narrows (Figure 2), which 

is generally considered as the boundary between the upper and lower basins. 

Overlying the bedrock is the moderate to highly lithified sedimentary Pantano 

formation. This formation is considered to be water-bearing; however, the 

transmissivities and well yields from the Pantano are very low. At times, the Pantano 

may have hydrologic characteristics similar to the bedrock complex. Overlying the 

Pantano is a basin fill alluvium. This formation is generally considered to be the 

"major water-bearing unit within Cienega Creek basin" (Kennard et al., 1988). 

Discontinuous layers of silt and clay in the basin fill apparently restrict vertical 

movement of water and thus cause the basin fill to be a leaky semi-confined aquifer. 

Finally, overlying the basin fill alluvium is a younger alluvium consisting of deposits 

of unconsolidated silts, sand, and gravel. The aerial extent of the younger alluvium 

is generally a narrow strip following closely along the stream bed corridors, especially 
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Cienega Creek, while the older basin fill alluvium extends laterally to outcrops of 

Pantano or the bedrock complex. 

Transmissivities for various locations throughout the basin have been reported. 

In the upper basin, transmissivities were reported at 5,000 gallons per day per foot 

(gpd/ft) (GAC Utilities, Inc. of Arizona, 1970). In the lower basin, at the Del Lago 

well, transmissivities were reported at between 27,000 gpd/ft during drawdown and 

70,000 during recovery (Bookman-Edmonston Engineering, 1983). For comparison 

purposes, it is believed that the wells tested in these reports were extracting water 

from the alluvial deposits formation. Transmissivities for the alluvial deposits were 

reported for a well near the central basin (Errol Montgomery and Associates, Inc., 

1985); at the "Headquarters" well, located between The Narrows and 1-10, 300,000 

gpd/ft; and at the "Jungle" site, located one to two miles north of 1-10, 200,000 

gpd/ft. Montgomery also reported transmissivity for the basin fill deposits at six 

gpd/ft and well yields, rather than transmissivity for the Pantano formation, at "about 

2.5 gpm". 

Groundwater Levels 

Lower basin groundwater levels, roughly extending from The Narrows to the 

head of the lower perennial reach, range from about (4000--4100) feet elevation to 

about 3500 feet (Errol Montgomery and Associates, Inc., 1985). In comparison to 

Freethey and Anderson's (1986) report on predevelopment conditions, about 4100 
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to about (3500--3600), it appears that groundwater levels may not have changed 

significantly over the years. To this end, the ADWR concluded (Kennard et al., 

1988) that "Groundwater conditions in the basin are, in fact, essentially undisturbed 

by development modifications." Additionally, although located in the upper basin, 

the U.S. Geological Survey (1992) reported water levels in a well with records from 

1952 to 1970. The water level ranged from a low elevation of 4757 feet to a high of 

4777 feet. The 1988 ADWR report (Kennard et al., 1988) showed the elevation in 

the area of the well to be about 4700 feet. 

Groundwater levels along the lower perennial reach, the stream reach of 

greatest interest here (extending roughly from section 35, township 16 south, range 

17 east downstream to section 14, township 16 south, range 16 east), decrease from 

about 3533 feet elevation to about 3175 feet, based on data from four wells (Figure 

3). The Jungle Irrigation well is currently owned by the Pima County Flood Control 

District (Arizona Dept. of Water Resources, 1993). However, in 1984, the well was 

owned by the Empirita Ranch and, at that time, the Empirita Ranch had contracted 

with a consultant to conduct an aquifer pumping test using that well (Errol 

Montgomery and Associates, Inc., 1985). The pre-pumping water level in the well 

was at 3533 feet elevation. Three other wells are water level monitoring wells 

monitored by the Pima Association of Governments (PAG) on behalf of the Pima 

County Flood Control District (Figure 4). The three wells (the Cienega well, the 

Davidson #2 well, "Davidson", and the Del Lago #1 well, "Del Lago") are what 

remains of a more extensive monitoring program (all wells are shown in Figure 3) 
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that was originally established to monitor water quality (Fonseca et al., 1990). 

Groundwater levels associated with these wells are shown in Appendix A. The data 

used for the creation of the hydrographs shown in Appendix A were obtained from 

Greg Hess, Hydrologist, Pima Association of Governments (Personal Communica

tion). The data presented here are the complete data set. After receiving the data 

on a computer diskette in ASCII form, I formatted the data in Microsoft Excel 5.0 

and developed the hydrographs with it. 

Although the period of record is relatively short, several observations can be 

made of the data and the resulting hydrographs. The data, overall, are a broken 

string of periodic monthly measurements, from as early as the single measurement 

in 1959 for the Del Lago well to April 1994 for all three wells (Appendix A). For 

comparison purposes, the data are only simultaneous for all three wells over two time 

periods, during which monthly measurements were made. The first period extends 

from October 4, 1989 (October 3 for Del Lago) to October 4, 1990. The second time 

period extends from February 5, 1993 to April 6, 1994. The discontinuity in the 

monthly measurements comes primarily from the Davidson well data. The data are, 

for the most part, complete for the Del Lago and Cienega wells from October 1989 

through April 1994. 

The Del Lago well and the Cienega wells have the most extensive records and 

are most easily comparable for the period of October 1989 to April 1994 (Appendix 

A-2). Plotting their hydrographs together eliminates scaling differences and makes 

the changes and differences in variability more obvious. Trendlines were not shown 
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in Appendix A-2; however, trendlines were compared, and they showed that the 

Cienega well has a slightly increasing water level, while the water level in the Del 

Lago well has been on the decline. 

In an attempt to compare all three wells, the records were separated into two 

time periods, as mentioned above, during which measurement dates are identical 

(Appendix A-3). During the first time period (10/4/89 to 10/4/90), the Cienega well 

is slightly decreasing and the Del Lago well increasing, just the opposite of the long

term trend mentioned above. The Davidson well shows an increase over this period. 

During the second time period (2/5/93 to 4/6/94), the Davidson well continues to 

increase, while the Cienega well s~itches to a slightly increasing trend (Appendix A-

4). However, the most dramatic change was in the Del Lago well, which took a 

sharp decline during this period. Additionally, during these two time periods, it is 

generally apparent that the water levels in the three wells show similar movements 

on a month-to-month basis, except for one interesting time period (December 1993 

to present), during which the Del Lago and Davidson hydrographs are similar looking 

but in opposite directions. During this period, the Davidson hydrograph has a 

definite smooth-curving upward pointing arch. The Del Lago hydrograph has the 

same shape but in the opposite direction. In comparison, the Cienega well appears 

to have a slight upward arch to it and, although not nearly as defined, it is upward, 

more closely matching the Davidson hydrograph. This short-term drop and the 

general decline in the Del Lago well over the period (2/5/93 to 4/6/94) suggests that 
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water levels in this well may be responding to something other than regional or 

basin-wide climate changes, for example, groundwater withdrawals. 

Surface Water 

The U.S. Geological Survey has 15 years (1960--1974) of continuous surface 

water flow data from continuous recording gage, number 9484600 (Pantano Wash 

near Vail). Because of its length and because it is a continuous record, these data 

are the best available surface water data. The gage is on Cienega Creek at the same 

location as the Del Lago Dam, and the Del Lago well is also very near this site. 

Based on daily discharge records from the U.S. Geological Survey for this site, a flow 

duration curve was developed by the Pima County Flood Control District (1993). 

The mean monthly flow data and hydrographs that I developed based on the mean 

monthly flow data for the same time period are presented in Appendix B. The mean 

monthly flow data were obtained from the U.S. Geological Survey by way of the 

Pima County Flood Control District. The data were loaded into a Microsoft Excel 

5.0 spread sheet and hydrographs were developed from it (Appendix B). It would 

be preferable to use daily data and develop monthly medians for comparison, and 

this should be considered for the future. Mean monthly data are heavily influenced 

by extreme events. 

Several observations can be made of the data, the hydrographs, and the flow 

duration curve. Based on daily data from this gage, the minimum annual streamflow 
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was 1660 acre feet, or 2.2 cfs (Pima County Dept. of Transportation and Flood 

Planning and Development Division, 1993). The maximum annual runoff was 9710 

acre feet, or about 13.4 cfs (Bookman-Edmonston Engineering, Inc., 1983). The 

average annual streamflow for the period was 4850 acre feet, or about 6.7 cfs 

(Bookman-Edmonston Engineering, Inc., 1983). Based on the mean monthly flows 

at that gage (Appendix B-1), the minimum mean monthly was .07 cfs in June 1974 

and the maximum mean monthly was 104.97 cfs in September 1964. Over the range 

of the data, the average of the mean monthly flows gives a picture of the overall 

annual behavior of the streamflows at the U.S. Geological Survey gage. The low 

average mean monthly was 1.07 for the month of June and the high was 25.32 in 

August. Average mean monthly values for April, May, June, and November were 

less than 2.0 cfs. Eight out of the 12 months had values less than 5.0 cfs and nine 

had values less than 7.0 cfs. Based on the flow duration curve developed by the 

Pima County Flood Control (Pima County Dept. of Transportation and Flood 

Planning and Development Division, 1993), flows of 1.0 cfs could be exceeded 70% 

of the time, flows of 2.0 cfs 29%, 5.0 cfs about 8%, and 7.0 cfs about 6-7% of the 

time. The flow duration statistics are also supported by the U.S. Geological Survey 

(1989). Graphs of mean annual flows and average of monthly means are presented 

in Appendix B-2 and Appendix B-3, respectively. The trendline indicates a general 

decrease in streamflow for the period of record. 
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Recharge and Evapotranspiration 

Up to this point, I have not mentioned basin recharge nor have I mentioned 

evapotranspiration. For the purposes of this report, these two items from the water 

budget will function primarily to provide a broader conceptual foundation for the 

basin water resources. First, I purpose to make a few comments about the lower 

Cienega Creek basin and its relation to water budget estimates over the entire basin. 

General water budgets for the basin or elements of the budget are discussed in 

several reports. For example, several recharge estimates have been made over the 

years and are summarized in the Montgomery report (Errol Montgomery and 

Associates, Inc., 1985). However, while attempting to sort through some of the 

information, it became obvious, when trying to match the information to the basin, 

that the basin has been divided into a number of segments, subsets, areas or 

subbasins. For this project, and the others involved in the Cienega Creek research, 

the Cienega Creek basin is defined as the lower basin between The Narrows and Del 

Lago Dam. Del Lago Dam is located about one mile downstream on Cienega Creek 

from the northwest boundary line (Figure 2). The entire basin would include the 

area above The Narrows. However, the Montgomery report and others described the 

basin as the area above 1-10, with The Narrows as the break between the upper and 

lower regions. The reports describe recharge for the lower basin, the upper basin, 

or the entire basin based on this delineation. Therefore, when basin recharge or 

basin outflow are discussed, the numbers exclude most or all the basin below I-10. 

Others discuss basin outflow (Kennard et al., 1988) as outflow approximately at the 
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Del Lago Dam, the point near where the streamflow ends for the lower perennial 

reach. Unless one associates the information in any given report to the correct 

portion of the basin, language that describes "lower basin" or "entire basin" recharge 

may be misconstrued as basin recharge for the basin as delineated for this project. 

Recharge is described by the report " ... Recharge for Southwest Alluvial Basins" 

in two ways: natural recharge and culturally modified recharge (Water Resources 

Research Center, 1980). Natural recharge, also as described by the report, is that 

recharge which includes "infiltration and percolation of streamflow and mountain

front recharge." Mountain-front recharge estimates, for the basin above 1-10, range 

from 10,700 to 19,500 acre feet per year (or 38.6 to 70.4 acre feet per square mile). 

As reported by Montgomery (Errol Montgomery and Associates, Inc., 1985), stream 

bed recharge was estimated for the central region of the basin along Cienega Creek 

as ranging from 1,600 to 6,000 acre feet per year (Errol Montgomery and Associates, 

Inc., 1985). 

Evapotranspiration, the term used to designate the combination of evaporation 

of moisture directly from the surface and the transpiration of moisture from the 

ground through a plant, was estimated for the basin upstream from the "Jungle" site. 

The Jungle site is about 1 to 1.5 miles downstream from 1-10. Hence, essentially the 

estimate is for the basin upstream from 1-10. Again, the estimate is summarized by 

Montgomery and is given as 3,300 acre feet per year (Errol Montgomery and 

Associates, Inc., 1985). 
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For the entire basin, as delineated for this project, I rely on the water budget 

study conducted by senior honors student Kurtz (1994) for average recharge and 

evaporation. As mentioned above, Beth's project was one of the six Cienega Creek 

projects. Her estimates for evaporation were broken into two parts: one estimate for 

evapotranspiration (ET) along the riparian areas and one estimate for the upland 

areas. Her riparian area estimate was 10,089 acre feet per year, while her upland 

estimate was 404,597 acre feet per year. Her recharge estimate was an average of 

16,221 acre feet per year, or 35.5 acre feet per year per square mile (Kurtz, 1994). 

Riparian Characteristics 

Depending on how it is defined, hydrologically, a riparian area does not require 

perennial surface water. Let's begin with a working definition of a riparian, as 

defined by the Arizona Riparian Council. " The term riparian is intended to include 

vegetation, habitats, or ecosystems that are associated with bodies of water (streams or 

Lakes) or are dependent on the existence of perennial, intermittent, or ephemeral surface 

or subsurface water drainage." (Arizona Sonora Desert Museum, 1988). Later, it will 

be shown how this and other definitions will play an important role in riparian 

management schemes. In this case, the groundwater and surface water of the lower 

perennial reach of Cienega Creek have created a unique environmental feature of 

southern Arizona. The lower perennial reach has many features that qualify it as a 

riparian area. The lifeblood of the system is the water, both its quantity and quality. 
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The year-long flow of surface water is what allows the flora and fauna to thrive. 

Pima County has compiled extensive lists of flora and fauna of the riparian area, 

including a list of sensitive species in the vicinity of Cienega Creek (Pima County, 

1987, Sensitive Species). Upper Cienega Creek is home to the Gila Topminnow, a 

fish listed by the U.S. Fish and Wildlife Dept. as an endangered species. This fish 

does not exist in the lower riparian area, but the lower riparian area has been 

considered as a "potential reintroduction site" (Pima County Dept. of Transportation 

and Flood Control District, 1992) for the Gila Topminnow. The most common 

native fish species in the lower perennial reach is the Long-fin Dace (McGann and 

Associates, 1993, Cienega Creek). Reptiles and amphibians within the lower riparian 

area include several species of frogs, toads, turtles, lizards, and snakes (McGann and 

Associates, 1993, Cienega Creek). The lower riparian area also includes many 

species of mammals and birds (McGann and Associates, 1993, Cienega Creek). The 

vegetation within the lower riparian area includes plants (including exotic plant 

species), shrubs, and trees typical to riparian areas in southern Arizona (McGann and 

Associates, 1993, Cienega Creek). 

Hydrology and Riparian Areas 

All physical features of a watershed are linked in an ecological and environmen

tal web of interdependence. This interdependence is preserved through a balance 

in nature that can change with the seasons and through the years. The relationship 
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between a riparian area and the water resources that support it represents such a 

balance. When the occurrence or movement of water supply to a riparian area is 

disrupted, there can be consequences resulting in threats to the riparian area. 

Conversely, changes to the riparian area or other areas of a watershed can have an 

effect on the occurrence and movement of water. The purpose of this section is to 

begin to tie together elements of the physical setting and, in doing so, to hopefully 

establish more of the foundation needed for discussions about impacts and threats 

to riparian areas and subsequent water resource management issues. 

The ecological conditions that exist at a given riparian area are, in part, shaped 

by current and historic hydrologic conditions. The hydrologic conditions of a riparian 

area are dependent on many complex interactions that occur over an entire 

watershed. Some watershed characteristics that affect the hydrologic conditions 

include size, shape, location and slope of the watershed, precipitation, soil, geology, 

and vegetation cover. In the end, the hydrologic features that help shape the riparian 

area are storm flow patterns, baseflow conditions, surface water I groundwater 

interactions, and, in the case of ephemeral streams or stream reaches, subsurface 

water. 

Storm flow can occur in ephemeral, perennial, and intermittent streams. 

However, by definition, baseflow conditions only exist in perennial streams. One can 

find definitions and descriptions of baseflow in almost any hydrology text. Generally, 

baseflow is a surface expression of the local or regional groundwater levels. 
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Conceptually, the occurrence of baseflow leads to an understanding of surface water I 

groundwater interactions. 

Storm flow events are important for shaping stream channels and establishing 

regeneration conditions for riparian vegetation. These points will be discussed in 

more detail later. However, it is important to mention that storm flow events, as 

defined above, are not all equally important to channel shaping and vegetation 

regeneration. Regeneration requires that storm flow be at least greater than bankfull 

discharge. Furthermore, although stream erosion and deposition is a never-ending 

process, major short-duration channel changes are reserved for only the largest storm 

flow events. 

In a perennial stream, when groundwater levels near the stream are above the 

stream bed, this is said to be a gaining reach. When the groundwater levels near the 

stream slope away from the stream bed, this is said to be a losing reach. In either 

case, there is a hydrologic connection between the stream bed and the groundwater. 

When the groundwater level is below the bed of the stream, there is no hydrologic 

connection. This is the condition that exists for intermittent stream reaches and 

ephemeral streams. It should be apparent from the discussion that shallow 

groundwater exists near perennial streams and can be present at or near the stream 

bed of intermittent stream reaches and ephemeral streams. 

Riparian vegetation is dependent on the occurrence of water. Referring to the 

working definition of a riparian area above, riparian areas are associated with 

ephemeral, perennial, or intermittent water. Therefore, the hydrology (water 
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occurrence and movement) of a riparian area is described relative to its importance 

to the vegetation. Most of the vegetation types discussed in the reports and 

statements below can also be found within the lower Cienega Creek riparian area 

(McGann and Associates, 1993, Cienega Creek). 

An early example of a report that focuses on the relationship between plants and 

groundwater was written in 1927 by Meinzer (1927). The report collected and 

summarized studies conducted by various authors on a variety of plants primarily in 

the southwestern United States. One particular study was originally reported in 1909 

and included a discussion of the relationship between mesquite trees and depth to 

ground water along the Santa Cruz River near Tucson. A map included by Meinzer 

from the 1909 report shows a dense mesquite forest along the Santa Cruz River 

between Tucson and Tumamoc Hill. From the 1909 report: "The habits of the 

mesquite are popularly well known, and its presence is taken to indicate a good 

water supply. Its roots extend widely to a distance of 50 or 60 feet, according to 

credible observers, and possibly to a great depth ... " Other studies included in the 

report considered mesquite and depth to groundwater in Arizona, and the pattern 

of the relationship can be generally summarized as: " ... where the mesquite grows 

large, the perennial supply of water or zone of saturation is near the surface and, that 

away from the river, where the water table is nearest the surface, toward either side 

of the flood plain, in the direction of increasing depth to groundwater, the mesquite 

becomes progressively smaller, until at the edges of the flood plain, where the water 

table is deepest, it is little more than a large bush." One study claimed " ... the most 
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favorable conditions are found in the zone where the depth to the water table is 

between 15 and 35 feet." 

These reports described by Meinzer represent studies concerned with locating 

supplies of water. As time passed, the type and purpose of hydrologic-related studies 

changed from one of locating water supply to one of enhancing water supply. An 

example of this type of study is represented by a U.S. Geological Survey Professional 

Paper (1972). One of the stated purposes· of the study was to "evaluate water 

conservation by phreatophyte control on a flood plain typical of many areas of 

existing and proposed applications." This type of attitude toward riparian habitat was 

apparently not atypical for the time; however, regardless of the attitude, the studies 

demonstrate important hydrologic relationships. From the 1972 study: "When 

transpiration by saltcedar trees is reduced or eliminated, the mean water table will 

rise until increased outflow in the stream and increased evaporation balance the 

reduction in transpiration." (U.S. Geological Survey, 1972). 

Times have changed again. If we have moved from locating water supplies to 

enhancing water supplies, maybe today we are moving into an era of riparian 

protection and management. Evidence of the changing attitudes may be seen in the 

extent and variety of reports presented in the proceedings of two conferences on the 

subject of riparian area systems and management (USDA Forest Service, 1985, 1993). 

These documents contain a variety of presentations and reports that discuss the 

importance of riparian habitat and the difficulty in managing and preserving it. Of 

course, part of the difficulty is political because not all attitudes have changed; 
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however, if these reports show anything, they show the growing interest and concern 

with riparian management. The reports cover a wide variety of topics including the 

"Hydrology of Riparian Systems"; however, when one reads through the material, it 

quickly becomes obvious that the line between the hydrology of a riparian area and 

other riparian values (i.e., vegetation, evapotranspiration, wildlife) is not so clear. 

This is because many riparian values and riparian management issues depend on the 

water resources. Therefore, the study of the "hydrology" of a riparian area can 

change with changing values and purposes. More recently, several studies have been 

conducted throughout the State of Arizona that focus on the relationship of water to 

certain riparian area vegetation types. The remainder of this section will focus on 

the findings and conclusions of these reports as the basis for later discussions on 

impacts and threats to riparian areas. 

The findings and conclusions of recent studies generally can be summarized as 

follows. First, flood flows are important to the regeneration of a riparian area. The 

timing--spring or winter flooding--may be more important, depending on the 

vegetation type. Second, the long-term maintenance and health of the riparian 

vegetation depend on the continued existence of shallow groundwater. The various 

studies describe in detail the surface water and groundwater relationships to the 

regeneration and growth of riparian vegetation. The following statements are 

samples taken from the studies. 

An article in Rivers discusses a study conducted on the Hassayampa River 

(Stromburg et al., 1991). The Hassayampa River is located in southcentral Arizona. 



35 

"Flooding is the primary natural perturbation in southwestern riparian systems ... 

Flood flows influence many abiotic processes ( e.g., floodplain wetting, aggradation 

and degradation, and channel realignment) which, in turn, influence biotic processes". 

"Cottonwood and willow seedlings were substantially more abundant in 1988 .. .Stream 

discharge was about 3 times base level (0.34 ems) during the 1988 cottonwood 

germination period (mid-March to late April), and surface soil in most streamside 

plots and secondary channels was visibly moist." "In all years, seedlings were more 

abundant on sites with shallow water tables ... Primary channel plots were usually 

nearer the water table (mean depth to water, 0.65 m) than were secondary channel 

plots (0.95 m), and seedlings in all years were more abundant in the former. Willow 

seedlings were distributed farther away from the channel and above the water table 

in 1988 than in 1989 or 1990 because germination was stimulated by overbank flood 

flows rather than base flow conditions. In 1989, cottonwood seedlings were 

distributed throughout the riparian zone ... because germination was stimulated by 

rainfall." (Stromburg et al., 1991). 

Two articles in 1993, appearing in separate issues of the Journal of the Arizona

Nevada Academy of Science, discussed the importance and relationship of flood flows 

and groundwater to riparian area vegetation (Stromburg, 1993, Riparian Mesguite 

Forests; Stromburg, 1993, Fremont Cottonwood-Gooding). From Issue 1: "Foremost, 

a deep root system allows mesquite to tap water sources unavailable to shallower 

rooted plants ... ", "Mesquite roots often grow to depths of 14 to 15 m ... and have been 

found as deep as 53 m ... ", "However, roots tend to be shallower than this maximum 
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value, particularly in areas with shallow groundwater. Mesquite typically absorb 

water from the capillary zone above the water table and roots do not extend into the 

saturated zone ... " (Stromburg, 1993, Riparian Mesquite Forests). Additionally, 

"Riparian mesquite are dependent on dynamic fluvial processes for formation of 

floodplains which serve as recruitment sites for young mesquite." " ... researchers 

believe that most of the mesquite bosques in Arizona are relatively young ( < 100 

years), in part because of massive floods around the turn of the century which 

simultaneously destroyed existing bosques and created habitat for bosque develop

ment." (Stromburg, 1993, Riparian Mesquite Forests). From Issue 3: "Water 

availability is one of many factors (e.g., nutrient availability, flood scour, tree density, 

beaver foraging) that influence growth and survival of mature cottonwoods and 

willows." "Several studies have indicated that such floodplain trees remain 

hydrologically connected to the channel and have demonstrated tight linkages 

between the riparian water table and the channel surface flow volume ... " " ... cotton

wood and willow both uptake water that arises from the saturated zone, i.e., 

groundwater. However, cottonwood and willow are more limited in their ability to 

extract water from great depths than are deeper-rooted riparian species such as 

mesquite. Typical depths to groundwater within Fremont cottonwood-Godding 

willow systems are less that 5 m, although some greater depths have been reported. 

Along the Colorado River and Bill Williams River, mean growing season water table 

depth ranged from 1.2± 0.3 to 3.5 ± 0.5 among sites ... Depth to groundwater along the 

San Pedro River was 0.3 to 2.3 m for young, near-stream trees and about 4 m for the 
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largest trees ... depth to groundwater along Sonoita Creek was about 1 to 1.5 m for 10-

to 15- year-old Fremont cottonwood trees and about 2.5 m for the oldest, 130-year

old cohort..." (Stromburg, 1993, Fremont Cottonwood-Gooding). The . information 

regarding Sonoita Creek was reported in the reference cited as unpublished data. 

The data were eventually published in a detailed report to the Arizona Nature 

Conservancy (Stromburg, 1993, Dynamics of Fremont Cottonwood). 

Finally, possibly the strongest evidence yet that Arizona is moving into an era 

of riparian protection and management is a series of reports written by three 

agencies of the State of Arizona pursuant to riparian protection legislation adopted 

by the State of Arizona Legislature. "The purpose of the riparian protection law is 

to provide the legislation with sufficient data that will allow it to make an informed 

decision regarding riparian area protection" (Arizona Department of Water 

Resources, 1994, Summary of Findings). The reporting agencies include the Arizona 

Dept. of Water Resources (ADWR), the Arizona Game and Fish Dept. (AGFD), 

and the Arizona Dept. of Environmental Quality (ADEQ) as specified by Senate Bill 

1030 (State of Arizona, 1992). My purpose here is to discuss certain aspects of three 

chapters of the legislative report written by the ADWR, namely Chapter II, the 

Hydrologic Report, Chapter III, the Ecological Report, and Chapter IV, the Case 

Studies Report. For the purpose of these legislative reports, we abandon our 

working definition of a riparian area and rely on the definition provided by Senate 

Bill 1030. "Riparian area means a geographically delineated area with distinct resource 

values that is characterized by deep-rooted plant species that depend on having roots in 
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the water table or its capillary zone and that occurs within or adjacent to a natural 

perennial or intennittent stream channel or within or adjacent to a lake, pond, or marsh 

bed maintained primarily by natural water sources. Riparian area does not include areas 

in or adjacent to ephemeral stream channels, artificially created stockponds, manmade 

storage reservoirs constructed primarily for conservation or regulatory storage, municipal 

and industrial ponds or manmade water transportation, distribution, oft-stream storage, 

and collection systems" (State of Arizona, 1992). 

The purpose of the reports is to establish a scientific basis for future riparian 

protection legislation. The conceptual foundation established by the hydrologic 

report supports the other studies and will be important to understand when 

developing riparian protection legislation. Conceptually, if one assumes that surface 

water baseflow levels are dependent on groundwater flows into the stream, then one 

can assume a surface water-groundwater interconnection. Then, if one assumes that 

groundwater pumping can and does lower groundwater levels, then it is conceivable 

that groundwater pumping can and does lower surface water baseflow levels, 

depending on the location of the pumping well in proximity to the stream. The 

concept that groundwater wells can affect surface water levels in a perennial stream 

is described by ADWR as direct or indirect interference. "Direct interference occurs 

when a cone of depression expands into the stream alluvium of a river creating a 

groundwater gradient away from the stream. Streamflow losses increase as additional 

surface water infiltrates into the permeable alluvium to fill the area dewatered by the 

well. Indirect interference occurs when groundwater flowing toward the stream is 
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intercepted by a cone of depression. Indirect interference has the effect of reducing 

the amount of groundwater that would have eventually discharged to the stream, 

thereby reducing baseflow." (Arizona Dept. of Water Resources, 1994, Summary of 

Findings). 

The Ecological Report and Case Study Report accept the conceptual hydrologic 

foundation and expand on it by describing the relationships between the hydrology 

and vegetation of a riparian area, then describe observed and potential effects on a 

riparian area from natural hydrologic variation and from groundwater pumping. The 

ecology report is primarily a literature search, and the case studies were actual field 

studies conducted for the purpose of complying with the legislative mandate. 

Table 4 of the Ecological Report summarizes "Depth-to-groundwater ranges for 

several obligate and facultative Sonoran riparian tree species". (Arizona Dept. of 

Water Resources, 1994, Ecology Report). For Freemont Cottonwood, depth to 

groundwater ranged from 1 foot to 12 feet with one tree at 27 feet. Gooding Willow 

ranged from 0.5 to 17 feet. Freemont Cottonwood-Gooding Willow association was 

4.0 feet± 1.1 foot. Velvet or Honey Mesquite ranged from 4 to 45 feet, and Saltcedar 

ranged from 2.5 to 33 feet. 

The following statements summarize the importance of surface water to riparian 

vegetation. As described by the Ecology Report, "Studies in arid portions of 

California have shown that growth and canopy development of cottonwood trees 

increase significantly with annual streamflow volume, with flow volume in these 

studies serving as a surrogate indicator of water availability within the floodplain." 
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"Riparian zone width, canopy foliage area, woody stem basal area, and average 

canopy height all increased continuously with increasing surface flow rate." (Arizona 

Dept. of Water Resources, 1994, Ecology Report). 

The Case Studies (Arizona Dept. of Water Resources, 1994, Case Studies 

Report) covered the Upper San Pedro River, the Upper Santa Cruz River, and the 

Verde River. However, only the Upper San Pedro and Upper Santa Cruz rivers 

were included in the draft copy that I had obtained. The reports described the 

methods, hydrologic systems, the hydrologic-vegetation relationships and ecologic 

consequences to water withdrawals. Concentrating on the riparian vegetation and 

hydrologic relationships, the San Pedro study found for Gooding Willow that depth 

to groundwater ranged from 2 to 7 feet. For Freemont Cottonwood, most of the 

trees ranged from 2 to 10 feet depth to groundwater. For most Velvet Mesquite, 

depth to groundwater ranged from 7 to 23 feet. The San Pedro case study did not 

describe a surface water relationship to riparian vegetation. 

The emphasis of the Santa Cruz case study was on " ... the extent and causes of 

historical changes in surface flow and groundwater tables ... and to relate these 

changes to riparian vegetation changes." (Arizona Dept. of Water Resources, 1994, 

Case Studies Report). In this way, the report described the importance of ground

water levels and surface water flows to riparian area vegetation, but it offers no new 

depth to groundwater data. 
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Climatic Change, Entrenchment, and Riparian Areas 

The purpose of this section is to attempt to put the present physical characteris

tics of the basin into perspective, especially those that contribute to the existence of 

the riparian area. My concern is that if we do not understand the condition of the 

lower riparian area relative to some historical vantage point, we will make false 

assumptions about its potential ( the quantity and quality of the riparian area under 

hydrologic conditions not influenced by man). The potential of the riparian area will 

become the ultimate goal. If we do not have at least a minimal understanding of the 

relationship between the historical characteristics of the basin and the potential of 

the riparian area, we cannot set realistic water resource management goals for it. 

Certainly, a broad array of topics could, and do, fit under the subject heading 

of climate. Consequently, it is necessary to narrow the field because it is not my 

intention to survey all topics related to climate. Therefore, this discussion will center 

around two subjects--climatic variability and entrenchment--that, in their own right, 

have produced many volumes in southern Arizona. I am including these discussions, 

under the major section heading Physical Setting, because I want to emphasize the 

relationship of the present physical characteristics contributing to and exhibited by 

the lower riparian area to variables that have played and do play a long-term role 

in shaping southwest desert riparian areas. I will attempt to point out how the 

combination of climatic variability and entrenchment may have influenced the lower 

riparian area based on the research and findings of others; however imperfect the 

discussion or the evidence, it is my hope that it will aid in setting a foundation for 



42 

later discussions about water resource management goals. In addition, it is most 

likely that "modern" entrenchment was, at least, enhanced by certain human cultural 

activities. Unless otherwise specified, these generally will be omitted from this 

discussion. 

Climate 

Climate can be defined as "Weather conditions and their range typical of a 

region or site." (Mcllveen, 1992). "The relationship between weather and climate is 

effectively that between instantaneous and mean conditions of the atmosphere." 

(Mcllveen, 1992). The atmosphere is that layer of air generally within hundreds of 

kilometers of the surface of the Earth. It consists of several sublayers; the lowest, 

most near the surface of the Earth up to about 10--15 km, is the troposphere. Most 

of the weather we experience is limited to the lower few kilometers of the 

troposphere. 

We can intuitively recognize weather change on an hourly, daily, seasonally, or 

yearly basis. We can even recognize differences in weather patterns between our 

childhood days and present conditions, however unquantified our recognition might 

be. Today serious efforts are underway to estimate long-term climate trends on a 

global scale. Trends in temperature and carbon dioxide show what may be a cause

and-effect relationship (Mcllveen, 1992), which may be responsible for a general 

global warming. On geologic time scales, global climate warming or cooling (i.e., ice 
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ages) may be cyclical. In any case, it is important to recognize that the effects of 

climate change are also important to water resources. "The issues involve the 

amount and quality of water available for human use. Concern varies from 

considerations of flood magnitudes and frequencies, raising issues of flood control 

and floodplain planning, through lowflow regimes, with associated water supply and 

water quality problems, to concern with long-term precipitation and its influence on 

groundwater resources." (White, 1989). 

On a regional scale (Arizona and western New Mexico), it has been shown by 

Cooke and Reeves (1976) that " ... since the turn of the century, there has been a slight 

decrease in summer precipitation and a greater decrease in winter precipitation, 

together with general slight increases of temperature." Climatic variability and flood 

frequencies have been examined on a local scale (U.S. Geological Survey, Climate 

Variability). In 1988, the U.S. Geological Survey and the Pima County Dept. of 

Transportation and Flood Control District studied climatic variability and flood 

frequencies of the Santa Cruz River. The Santa Cruz River study considered the 

reach from Nogales, Arizona north (downstream) through the west side of Tucson 

to its confluence with the Gila River about 80-90 miles northwest of Tucson. The 

purpose of the study was to consider "changing channel conditions and flood 

frequency". (U.S. Geological Survey, Climate Variability). From a hydroclimatologi

cal perspective, the two drainages may be similar. The Santa Cruz drainage and the 

Cienega Creek drainage are adjacent to each other. The average elevation of the 

Santa Cruz drainage above Tucson is about 4,048 feet, and the average elevation of 
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the Cienega Creek drainage is around 4,500 feet. As described by the report (U.S. 

Geological Survey, Climate Variability), the hydroclimatology of southern Arizona 

generally includes three typical types of "flood-producing" storms: frontal and cutoff 

low-pressure systems, dissipating tropical cyclones, and monsoonal Storms. Hence, 

it will be assumed that the same general climatic patterns dominate both drainages. 

From the summary and conclusions of the U.S. Geological Survey/Pima County 

report on the Santa Cruz, the following statements capture the essence of what I 

would like to emphasize here. " ... six of the seven largest floods at Tucson occurred 

after 1960." " ... floods in summer accounted for 97% of annual peaks between 1930 

and 1959, floods in summer accounted for 61 % of annual peaks between 1960 and 

1986." " ... climate variability is identified as the main cause for the change in flood 

frequency." However, changes in land use and channelization are recognized as 

contributing factors. "Seasonal discharge on the Santa Cruz River is similarly related 

to climatic variability. Winter and fall floods account for 53% of annual peaks 

before 1930, only 3% from 1930 to 1959, and 39% after 1960." The authors are 

careful to point out that "Flood frequency estimates for the Santa Cruz River need 

to be used cautiously in design applications." For example, El Nino-Southern 

Oscillation (ENSO) cycles tend to create " ... more numerous and intense ... " winter 

frontal storms; therefore, " ... flood plains could be managed for a specified recurrence 

interval of floods during ENSO conditions." (U.S. Geological Survey, Climate 

Variability). 
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In the upper Cienega Creek basin, historic climatic conditions have been 

inferred from sedimentary, pollen, and cultural records (Eddy, 1983). Conditions 

alternated and shifted between "unstable wet-dry" to "stable to fairly stable wet" to 

"stable wet", estimated back to 6000 B.C. up to present day. More direct evidence 

showed that, in more recent times, it is likely that precipitation events were extremely 

variable for the Cienega Creek basin based on records at Benson, Bisbee, and 

Tucson. "Precipitation records compiled by the U.S. Weather Bureau show that 

precipitation was sporadic and that the period 1892 to 1904 was abnormally dry". 

(Eddy, 1983). 

Given the relationship between certain hydrologic variables (precipitation, 

streamflow, and groundwater) and the existence of a riparian area, especially riparian 

areas associated with perennial streamflow, it should be assumed that long-term 

trends in precipitation and temperature and changes in flood frequency, timing, and 

magnitude have shaped and influenced the present condition of the lower riparian 

area of Cienega Creek. If one assumes that there has been a decrease in precipita

tion and an increase in temperature, then one may assume that there has been some 

resulting change in vegetation. Whether or not this change is good or bad will 

depend on what is desirable as a goal for the riparian area. Further, if the changes 

in the timing of floods have moved away from floods that aid in riparian regenera

tion, then it should be safe to assume that regeneration faltered. In fact, this is one 

of the conclusions of Stromburg (1993) about Sonoita Creek. Based on extensive 

tree ring analysis, "Recruitment events generally occurred after large winter floods ... " 
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and "No trees established during periods dominated by small summer floods ... " 

(Stromburg, 1993, Dynamics of Freemont). Then, in 1994, based on the same 

information, the Arizona Dept. of Water Resources made similar statements about 

the Santa Cruz River (Arizona Dept. of Water Resources, 1994, Case Studies 

Report). "Extensive tree-coring ... uncovered no areas supporting middle-aged trees 

that would have been established between approximately 1930 to 1960." 

Entrenchment 

The second subtopic of this section deals with entrenchment. I will concentrate 

on the process of entrenchment and the possible effects, and I will only briefly 

mention the causes. Suffice it to say that, at this point, most authors agree that 

entrenchment was caused by one or a combination of two types of changes: climate 

or human cultural activities such as farming, grazing, or the construction of ditches 

and canals. 

Generally, entrenchment (a.k.a. downcutting, incision, and arroyo cutting) can 

be described as the widening and/ or deepening of a stream bed under the influence 

of streamflow. The process is actually just an erosional process and can be viewed 

as part of the geomorphology of a stream or river. "Under the action of the force 

of gravity, the land surface is sculptured by water, wind, and ice. This sculpturing 

produces the land forms with which geomorphology is concerned." (Leopold et al., 

1964). The sculpturing process driven by streamflow is the principal concern here. 
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As described in a geomorphic context, the sculpturing by a stream is done through 

channel aggradation (sediment deposition) and degradation (lowering of the channel 

bed, or erosion). These processes are said to occur over a long period of time; 

however, "Channel scour and fill are words used to define bed cutting and sedimenta

tion during relatively short periods of time .. " (Leopold et al., 1964). 

Entrenchment occurred on the San Pedro River, a basin adjacent to the Cienega 

Creek basin on the east side. Most of the entrenchment there occurred probably "in 

less than 18 years." (Hereford, 1993). Here, it is thought that climate played a role; 

"Entrenchment and subsequent stabilization of the San Pedro River channel are 

closely related to flood history." 

Entrenchment occurred in the Santa Cruz River near Tucson (Betancourt and 

Turner, 1985). Beginning from about 1871 until nearly recent times, the Santa Cruz 

River experienced periods of downcutting. The article summarizes, " ... prior to 1890, 

the SO-kilometer reach through Tucson was characterized by lengthy segments of 

unincised alluvium interrupted by short and discontinuous gullies downstream from 

marshes ... Today, a continuous channel defines the river's course through the Tucson 

basin ... " 

Entrenchment in the Rillito Arroyo likely occurred between 1865 and 1915 

(Cooke and Reeves, 1976); however, some major storms which occurred since that 

time may have contributed to additional entrenchment activity. "In 1890, the channel 

of the Rillito River was flowing on an upper surface of alluvial fill, but in the period 

after 1890 the Santa Cruz River became entrenched during a series of floods. 
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Headward erosion of the arroyo from the master stream resulted in the entrench-

ment of the Rillito River in several reaches ... " (U.S. Army Corps of Engineers, 1985). 

In the upper Cienega Creek basin, in the vicinity of the confluence of Matty 

Wash and Cienega Creek, one study found ancient episodes of downcutting, 

deposition, scour-and-fill, alluviation, and more arroyo cutting extending from as far 

back as 6000 B.C. to present day. "The sedimentary pattern on the floodplain has 

been interrupted by influxes of fluvial deposits and twice by arroyo cutting (during 

the 1th or 13th Century and at present). The channels cut some time between A.D. 

200 to 300 and 600 apparently had only a minor influence on the floodplain 

deposition." (Eddy, 1983). "A comparison between the modern arroyos and those 

filled by the Sanford formation indicates that the depth and width of the present 

arroyos are much greater. Depths reached during both times of arroyo dissection are 

nearly the same ... but near the confluence of Matty Wash and Cienega Creek, the 

present arroyos are nearly a meter deeper." (Eddy, 1983). In the lower basin, 

"Topographic surveys indicate that the channel had assumed dimensions similar to 

the modern channel geometry by 1936." (Pima County Dept. of Transportation and 

Flood Planning and Development Division, 1993). Pima County estimated that, over 

the course of only 56 years, about "4 million tons of sediment were removed ... " from 

the lower Cienega Creek riparian area. 

It is generally accepted that the impact of entrenchment on npanan areas 

associated with perennial streams is to dewater the underlying aquifer, thereby 

lowering the groundwater levels. Plants and trees within riparian areas that depend 



49 

on the shallow groundwater levels may lose their hydrologic connection and 

eventually die off, thus destroying the character of the riparian area or, in severe 

cases, reducing or eliminating streamflow, destroying the entire riparian area. The 

following statements support the occurrence and effect of entrenchment in regional 

streams, including Cienega Creek. 

In the Santa Cruz, between 1890 and 1906, "the channel was cut down rapidly 

and thus far the time has been too short to drain the water far back from the 

channel. It is probable that, as this underdraining continues, the water level will be 

lowered considerably along the valley and eventually the sharp curves of the water 

contours will disappear." (Smith, 1910). Also in 1938, Smith stated with regard to 

undercutting of banks and channel migration of streams, "As one result, the land can 

be safely reclaimed and irrigated; as another result, the bottom lands have been 

underdrained and the water table lowered." (Smith, 1938). Betancourt and Turner 

(1985) stated that, "Development of a continuous arroyo in the Tucson basin 

eliminated the traditional supplies of irrigation water which had come from the 

underflow intersecting the valley floor." In the San Pedro River, "After entrench

ment, the lowered water table and expansion of the channel provided recruitment 

sites for subsequent forest development..." In the Cienega Creek basin, "The arroyo 

cutting has resulted in the general lowering of the water table ... " (Eddy, 1983). 

Throughout the region, the lowered water table probably resulted in the change 

or elimination of riparian areas known as cienegas. The following statements support 

the claim of widespread cienegas. As reported by Hendrickson and Minckley (1984), 
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the term "cienega" translates to "marsh" or "swamp"; however, one explanation for the 

derivation of the word is that cienega "is said to be a contraction or corruption of 

"cien aguas", meaning "a hundred fountains" or a hundred springs." (Hendrickson and 

Minckley, 1984). Along the Santa Cruz River, " ... perennial flow maintained marshes, 

or cienegas, where the stream intersected near-surface water tables ... " (Betancourt 

and Turner, 1985). Along the San Pedro River, "The lack of dense riparian forests 

before entrenchment was probably the result of the high water table and marshy 

conditions associated with widespread cienegas that were typical of the pre

entrenchment era." (Hereford, 1993). Along Cienega Creek, Eddy and Cooley (1983) 

and Hendrickson and Minckley (1984) summarized some excellent historic 

perspectives regarding the extent of cienega conditions and should be referred to by 

interested readers. The following statements were particularly interesting regarding 

Cienega Creek, Pantano Wash, and Rillito Creek: "Marshy conditions may well have 

existed along all those water courses and they were collectively known as "Cienega 

de los Pimas." This extensive system was obviously known to indigenous peoples and 

was used by the Zuniga party in 1748 (Hammond, 1931), as well as Comaduran's 

Mexican anti-Apache campaign." (Dobyns, 1981). Furthermore, "Cienega Creek 

probably took its name from Cienega de Los Pimas." Finally, "The now dry bed of 

Rillito Creek passes through the northern suburbs of Tucson ... East of there on 

Pantano Wash and its tributary, Cienega Creek, may have formerly been the most 

extensive cienega system in the basin." (Hendrickson and Minckley, 1984). 
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Early physical evidence of the exact extent of the historic Cienega Creek cienega 

system may be difficult to find. One source of information that was examined were 

survey notes from original cadastral surveys conducted by the Government Land 

Office. Microfilm copies of the survey notes are easily accessible and, for much of 

the Tucson region of Arizona, can be found in the Tucson office of the Bureau of 

Land Management (BLM). These surveys established the original township and 

section lines throughout the west. The nature · of the surveys is linear and often times 

offer observations and comments regarding the physical surroundings. The notes for 

the Cienega Creek area were examined at several locations where the survey lines 

crossed lower Cienega Creek. The survey notes that were examined ranged in time 

from 1873 through 1911, not particularly ancient but still somewhat revealing. A 

summary of some of the points follows. Note that one section length (one mile) is 

80 chains. 

On the section line between section 19 and section 30, township 16, range 17, 

moving from east to west along the section line the following is observed: At 27.00 

chains, "Stream of water and road crossing at this point...". At 64.00 chains, "Stream 

of water in valley brs nw". This part of the survey appears to be dated December 2, 

1874. 

On the section line between section 33 and section 34, township 16, range 17, 

moving from south to north, at 71.00 chains, there was observed a "Swampy place". 

A comment at the bottom of the page of this survey line read, "The line crosses 

Cienega valley in which is rich soil, abundant grass." 
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On the section line between section 28 and section 29, township 16, range 17, 

moving from south to north, at 46.00 chains, there was observed a "Swampy place". 

On the section line between section 8 and section 17, township 17, range 18, 

moving from east to west, the following observation was made at 74.00 chains. 

"Cienega, 3 chains wide, course N.", and at the bottom of the page for this survey line 

were the following comments: "land mountainous, soil 3rd rate, timber scattering 

mesquite, mountainous land covered with dense undergrowth, exceptionally difficult 

to survey." 

This information was not field-correlated with existing conditions during the 

writing of this thesis. A more detailed examination of the survey notes could assist 

in determining the extent and location of the early stream conditions as compared 

to current conditions. However, it is interesting to note the swampy conditions in 

two locations and the dense undergrowth. Few places along lower Cienega Creek 

would likely be classified as swampy today, and dense undergrowth would imply 

surface water or near surface groundwater. 
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CHAPTER THREE 

THE LEGAL AND INSTITUTIONAL SETTING 

As seen previously, riparian areas are directly dependent on water. In a 

natural state, a watershed will achieve an equilibrium and a balance. Such a 

balance can be represented by a riparian area and the hydrologic conditions of the 

watershed. Under such natural conditions, no human intervention is required to 

maintain the balance. However, when human activity or human-induced activity 

interferes with the natural balance, there can be consequences that threaten the 

health or existence of a riparian area. 

Some would argue that human activities are part of the natural balance. 

While I would agree that, even under human imposition, a balance can be achieved, 

it must be recognized that the balance achieved may not be beneficial to the 

environment. Human activities that impose threats to the environment are rarely 

avoidable in many places today. However, it is my position here that human efforts 

to manage resources or regulate resource use are not necessary if no pressures are 

imposed on the resource from human activities. In the absence of human occupation 

in or dependence on a given resource, the resource will take care of itself. This is 

not the case in the Cienega Creek watershed; therefore, we must intervene and 

impose management schemes that reduce or alter the impact of our occupation and 

dependence on its resources. 
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Human activities such as water use or land use can impact the quantity or 

quality of the water resources that support a riparian area. Generally stated, the 

need for an orderly control of water resource allocation and control of environmental 

impacts associated with water use and land use has resulted in the concomitant 

development and evolution of governmental institutions and policies. 

The primary purpose here is to discuss the policies and institutions associated 

with water use and allocation in the Cienega Creek Basin. The discussion will focus 

secondarily and incidentally on water quality. No attempt was made to conduct an 

exhaustive survey of the policies and institutions associated with water allocation and 

use in the basin, nor was there an attempt to conduct a definitive survey of policy 

and institutional studies conducted on similar and related topics. Finally, this 

discussion is not intended to be a serious legal analysis or provide legal advice. 

This part is referred to as the Legal and Institutional setting. This is based 

on an assumption that an institution is not functional without its policies, and a 

policy cannot possibly be effective without an institution to implement it. Clearly, 

it is possible to discuss the concept of an institution separate from a policy. 

However, for the purposes of this paper, I will rely on this assumption. Dye (1992) 

defined public policy as" whatever governments choose to do or not to do." 

Generally, what governments do is implement policy. Without a policy, a govern

ment ( or institution) cannot be effective. It follows that policy analysis is "concerned 

with what governments do, why they do it, and what difference it makes." Policies 
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and institutions are inextricably linked, and policies are the legal means by which 

institutions operate. 

The development of water management institutions in Arizona has been 

studied (Eden, 1990). At the state level, the two principal water authorities are the 

Arizona Dept. of Water Resources (ADWR), which is generally responsible for water 

allocation, and the Arizona Dept. of Environmental Quality (ADEQ), generally 

responsible for water quality. 

At the federal level, the court system has generated precedent-setting 

decisions allocating water resources, and Congress has participated in interstate 

compacts that allocate water; however, no federal agency has been charged with 

authority to allocate water resources (i.e., water rights). This function has generally 

been deferred to the states. 

Water quality is a different story. Several federal agencies have at least some 

authority to control water quality. In this discussion, I will mention the role of the 

U.S. Environmental Protection Agency as it relates to the ADEQ. 

Other federal concerns in the watershed are the issues of threatened and 

endangered species and environmental protection. Throughout the country, these 

issues have brought to bear two of the most powerful pieces of federal legislation: 

the Endangered Species Act, which is currently the responsibility of the U.S. Fish and 

Wildlife Service (FWS), and the National Environmental Policy Act (NEPA). All 

federal agencies and all projects which utilize federal funds are responsible for the 
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procedural requirements set out by NEPA. The courts act as the enforcing authority 

behind NEPA. The requirements of NEPA will not be discussed here, but I will 

elaborate briefly on the potential involvement of the FWS in Cienega Creek. 

Flood management also plays a role in the Cienega Creek watershed. While 

the Federal Emergency Management Agency (FEMA) has an interest through its 

flood insurance program, the principal actor has been Pima County through its Flood 

Control District. In fact, it will be shown that the Pima County Flood Control 

District has played a major role in riparian area protection. 

Finally, the discussion will focus on the end users, the resource managers 

within the basin identified by their role as land owners and resource users. This is 

done for the convenience of defining the logical connection between land ownership 

within the basin and the institutions that manage it. What will be important is what 

these institutions choose to do or not to do. Water use by public agencies requires 

policies designed to meet objectives of the land owner. Much of the land in the 

basin is publicly owned, and the private land is regulated by at least one government 

agency. How water is used and how much is used, within the basin, will be an 

important factor in the future of the lower Cienega Creek riparian area. 
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Land Status 

Land ownership within the Cienega Creek Basin can be broken into four 

categories: federal, state, county, and private (Bureau of Land Management, 1979). 

Federal land includes land owned by the U.S. Forest Service and the Bureau of Land 

Management. The majority of the BLM land is in the central basin. The Forest 

Service land is at the extreme upper elevations of the basin. The state land is 

primarily in the lower basin elevations; private land makes up the remainder of the 

basin. County land is not officially designated on the map. However, land owned 

by Pima County along the lower Cienega Creek corridor is land formally known as 

the Pima County Cienega Creek Natural Preserve and corresponds to the lower 

·· Cienega Creek riparian area. 

The basin, as shown in Figure 2, is about 365 square miles, as estimated from 

the BLM land status map (Bureau of Land Management, 1979). The breakdown for 

the basin by land status is as follows. The U.S. Forest Service, 96 square miles; the 

Bureau of Land Management, 56 square miles; Pima County, four square miles; the 

State of Arizona, 150 square miles; and private land, about 59 square miles. 

U.S. Forest Service 

Lands of the U.S. Forest Service (USFS) are situated in the upper reaches and 

upper elevations of the Cienega Creek watershed. Given the basin's characteristics 
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and hydrologic conditions, it is unlikely that activities on these lands will inhibit water 

supply to the lower Cienega Creek riparian area. Vegetation manipulation on these 

lands (timber harvesting) can influence the timing and magnitude of the surface 

runoff. However, these activities will not be considered primarily because of the 

lands' distant proximity to the riparian area and because the small amount of 

consumptive water use normally associated with forest lands (stock water) will detract 

little from the overall long-term supply of water to the riparian area. If the forest 

lands' activities were to significantly influence the water supply to the riparian area, 

it would be through an increase in the magnitude of the runoff, a decrease in the 

duration of the runoff, and a possible shift in the timing. This type of change in the 

conditions of the runoff would most likely cause an increase in the sediment being 

transported into and through the riparian area. Sedimentation delivery by the 

watershed can be an important factor in whether the stream aggrades or degrades. 

However, this type of water quality issue was not raised as a potential threat to the 

Unique Water Status of the lower Cienega Creek riparian area (Fonseca et al., 

1990). Finally, the U.S. Forest Service has no water management or allocation 

authority beyond its own lands within the basin. 

U.S. Bureau of Land Management 

In 1946, the U.S. General Land Office and U.S. Grazing Service were 

combined to establish the Bureau of Land Management. However, it wasn't until the 
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Federal Land Policy and Management Act (FLPMA) of 1976 that the BLM was 

given statutory authority to manage its lands. Generally, the FLPMA gave the BLM 

a multiple use mandate (P.L. 94-579). Under its authority, BLM manages its land 

in the Cienega Creek Basin as a Resource Conservation Area. The BLM Em

pire/Cienega Resource Conservation area features an upper basin perennial reach 

of Cienega Creek and an associated riparian area (U.S. Dept. of the Interior, 

undated). The BLM land is also managed for other natural features, but the public 

use management issues and grazing issues are mostly important for protection of the 

lower basin riparian area water quality. 

The BLM is important as a land manager and resource user for a second 

reason. In discussions with BLM personnel, I learned that the BLM has long- term 

intentions to acquire all of the state land throughout the central and lower basin for 

the ultimate purpose of creating a national conservation area (Pima County Dept. 

of Transportation and Flood Control District, 1992). I do not know to what extent 

these intentions have evolved into actual plans; however, I also learned that currently 

the BLM holds all of the state land leases from The Narrows down to 1-10. The land 

is then subleased to individuals for various purposes. The purposes for which state 

land may be leased are described in the next section. Like the USFS lands, 

management of the BLM lands will be important to the water quality of the riparian 

area. However, the proximity of the state lease land and the BLM land to Cienega 

Creek and the lower riparian area makes activities upon them a greater concern. 
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Beyond the resource use activities, the BLM has no authority to allocate water 

resources within the basin. 

U.S. Fish and Wildlife 

The Gila Topminnow (Topminnow) is a species of fish that has been 

identified in the Cienega Creek basin and has been listed by the U.S. Fish and 

Wildlife as an endangered species. The Topminnow most certainly is located in the 

upper basin and has been in the lower basin (i.e., lower Cienega Creek riparian 

area). Although the Topminnow may not, at present, be in the lower riparian area, 

it apparently has resided there and may be found there after large flood events. The 

habitat is apparently suitable; in fact, the lower perennial reach has been identified 

as a possible reintroduction site for the Topminnow. 

The significance of the Topminnow is that, as an endangered species, it 

commands the attention of the U.S. Fish and Wildlife. The authority that the USFW 

has is through the Endangered Species Act of 1973. The Endangered Species Act 

(ESA) has essentially two broad functions: first, to allow species to be officially listed 

as endangered or threatened, and, second to protect the species once it has been 

listed. The protection is carried out through a "consultation" process that is spelled 

out in the ESA. If it is determined through the consultation process that a listed 

species will be adversely affected by a proposed project, then the project must be 
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modified. Threats to a species include threats to the habitat. Therefore, to the 

extent that the Topminnow, or any other species that may be listed in the future, 

resides in the lower Cienega Creek riparian area, any proposed project that will 

adversely affect them will likely be scrutinized by the U.S. Fish and Wildlife, through 

the Endangered Species Act of 1973. 

State of Arizona 

The State of Arizona plays several roles in the Cienega Creek basin and 

throughout the state. For the purpose of this discussion, the basic role of the 

ADWR, the ADEQ, and the Arizona State Land Dept. will be important." In 

addition to the general institutional and policy framework discussions, certain issues 

will be highlighted which arise from the institutional setting. The indirect role of the 

Central Arizona Project will also be addressed. 

The ADWR is the principal agency responsible for water allocation in the 

State of Arizona. Historically, the Arizona water rights system was a bifurcated 

system, managing surface water rights separately from groundwater rights. This 

system was similar to systems of other western states; however, over time most states 

changed, managing their surface water and groundwater under a single system. 

Arizona's system remains split. 
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Today surface water rights are allocated, administered, and adjudicated under 

Arizona Revised Statutes (ARS) Title 45 Chapter 1, and groundwater is administered 

under ARS Title 45 chapter 2. Under the surface water statutes, water is allocated, 

generally speaking, in two ways. First, water users may apply to the ADWR for 

water use permits. Second, the State of Arizona may conduct a General Stream 

Adjudication. All surface water provisions are administered by the ADWR through 

its central office in Phoenix. Under the groundwater statutes, water is allocated, 

generally speaking, depending on the severity of the ground-water conditions, under 

one of three management schemes. The most strict groundwater management 

provisions apply in areas established by the groundwater code called Active 

Management Areas (AMAs ). The next least restrictive management area is called 

the Irrigation Non-Expansion Area (INA), and the least restrictive management areas 

are the remaining areas of the state that lay outside the boundaries of either an 

AMA or an INA. While most of the Cienega Creek watershed lays beyond the 

controls of an AMA or an INA, a portion of the lower watershed, including 

approximately the lower one-fourth of the lower riparian area, is within the Tucson 

Active Management Area. The Tucson AMA is one of five AMAs statewide. Each 

AMA has an· office within its boundaries responsible for carrying out the mandates 

established by state law for each AMA. 

Generally, the AMAs were created to bring under control severe groundwater 

overdrafting conditions found in some of the statevs aquifers. Each AMA must meet 
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management goals established by the ADWR. Whether the goals will be met is yet 

to be seen, but efforts to achieve these goals will include two general strategies. 

First, the management goals established by the ADWR, through five management 

periods, will contain continually increasing conservation requirements. Second, 

surface water from outside the AMA will be used as a supplemental water source. 

Specifically, use of surface water delivered through the Central Arizona Project 

(CAP) will help decrease the dependence on groundwater. Of significance here is 

the fact, as mentioned above, that the Cienega Creek watershed natural contribution 

to the Tucson aquifer amounts to about 10% of the natural recharge of the Tucson 

aquifer. 

The Central Arizona Project is a large surface water diversion and conveyance 

project. The CAP diverts water from the Colorado River in northwest Arizona and 

delivers it across the state to central and southern Arizona, including Phoenix and 

ending near Tucson on the San Xavier District of the Tohono O'Odham Indian 

Reservation. The CAP was built with federal funds on loan to the State of Arizona. 

Legend has it that the federal government agreed to loan the money only after the 

State of Arizona agreed to establish a comprehensive groundwater management 

policy. Having done so (i.e., Arizona Groundwater Management Act, which 

established the AMAs ), the CAP was built. The Tucson AMA began accepting CAP 

water last year. 
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Through the permit process, prospective appropriators can file an application 

for surface water use with the ADWR. The types of water uses for which permit 

applications for unappropriated waters may be made include domestic, municipal, 

irrigation, stock watering, water power, recreation, wildlife (including fish) and 

mining. Permits for water use have been issued for water use in the Cienega Creek 

watershed and will be reviewed below in the discussion of water use. As mentioned, 

water permitting includes permits for fish, wildlife, and recreation, and subsequently 

the State of Arizona developed "A Guide to Filing Applications for Instream Flow 

Water Rights in Arizona". Issued by the ADWR, the guide is intended to " ... specify 

minimum criteria necessary for substantiating an instream flow request ... "; however, 

" ... it does not mandate the use of any particular technique for any specific situation." 

Pima County was issued an instream flow permit, which will be described in more 

detail below. 

Arizona's General Stream Adjudications will "directly or indirectly affect most 

Arizona residents", according to an informational brochure of the Office of the 

Special Master. The Office of the Special Master was created by the same statute 

which provides for the adjudications and is charged with the administration of the 

adjudication proceedings. The General Stream Adjudications are proceeding in two 

stream systems in Arizona: the Gila River system and the Little Colorado River 

system. The Cienega Creek basin is within the Gila River system and will be 

included in the adjudication, based on discussions with personnel within the ADWR. 
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The Gila River Adjudication was initiated in the San Pedro basin of the Gila River 

system and will eventually move to other basins. The General Adjudication as 

defined by the statute is "an action for the judicial determination or establishment 

of the extent and priority of the rights of all persons to use water in any river system 

and source." 

Issues related to water allocation in Arizona are numerous and complicated. 

Complexities related to water allocation are not uncommon throughout western 

states, but the normal legal complexities are compounded by the fact that Arizona 

manages its surface water and groundwater separately. One of the most significant 

issues facing the state water officials is the issue of appropriable waters. 

Appropriable waters are defined by the surface water statutes. Water that 

does not fall under this definition is not appropriable under the surface water statutes 

and, thus, would also not be subject to the general stream adjudication. However, 

some groundwater is also appropriable. The issue breaks down to a question of just 

how much of the groundwater will be included within the definition of appropriable 

water. The issue is concisely described in the Opinion of the Supreme Court of the 

State of Arizona, IN RE: THE GENERAL ADJUDICATION OF ALL RIGHTS 

TO USE WATER IN THE GILA RIVER SYSTEM AND SOURCE, filed July 27, 

1993. 

Historic litigation, a case known as Southwest Cotton (1931), helped set the 

current stage by defining "subflow" as appropriable. In 1987, as part of the Gila 
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River General Stream Adjudication, 11 cities filed a motion to be excluded from the 

adjudication based on the definition of subflow in Southwest Cotton. In 1988, the 

Maricopa County Superior Court issued an order which included criteria for the 

ADWR to use in determining whether a well was pumping subflow. The rule 

became known as the "50%/90 day" rule. 

Southwest Cotton defines subflow, in part, as "those waters which slowly find 

their way through the sand and gravel constituting the bed of the stream, or the lands 

under or immediately adjacent to the stream, and are themselves a part of the 

surface stream." The test, as laid out by Southwest Cotton, to determine if water was 

subflow and subject to appropriation was: "Does drawing off the subsurface water 

tend to diminish appreciably and directly the flow of the surface stream?" Strictly 

speaking, this test is unquantifiable at best. The 50%/90 day rule was an attempt to 

establish criteria that would be quantifiable. This rule requires the ADWR to 

designate wells as pumping subflow if: "As to wells located in or close to that younger 

alluvium, the volume of stream depletion would reach 50% or more of the total 

volume pumped during one growing season for agricultural wells or during a typical 

cycle of pumpage for industrial, municipal, mining, or other uses, assuming in all 

instances and for all types of use that the period of withdrawal is equivalent to 90 

days of continuous pumping for purposes of technical calculation." 

The definition and rule for defining appropriable subflow is legally and 

technically confusing. Hydrologically, subflow is groundwater; however, legally, 
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subflow is appropriable. The cities that filed the motion believed that their wells fell 

outside the legal definition of subflow. Technically, according to the definition of 

subflow, subflow is the hydrologically connected groundwater immediately adjacent 

to or below a surface water stream. As seen above, groundwater that is hydrolo

gically connected to the surface flow is commonly responsible for perennial 

streamflow conditions. Under the rule, subflow is determined more broadly and is 

associated with the "younger alluvium". This poses the problem such that small wells 

may be pumping from the younger alluvium, yet under the 50%/90 day rule may not 

be pumping subflow, and large wells located beyond the geologic definition of the 

younger alluvium may be pumping 50% of its volume from the stream within 90 days. 

The Arizona Supreme Court's 1993 Opinion was to "vacate" the 50%/90 day 

rule and "remand" the question back to the trial court. According to ADWR, until 

the issue is decided, the criterion is whether a well has a "direct and appreciable" 

effect. This is the status of the case at the time of this writing, but it is obvious that 

the final determination of this issue may could play a deciding role in the fate of 

riparian areas in Arizona, most particularly the lower Cienega Creek riparian area. 

Groundwater wells which fall outside the definition of "appropriable" will not be 

subject to the rules of prior appropriation. Such wells will be subject to the Arizona 

Groundwater Code; however, as mentioned above, most of the Cienega Creek 

watershed lays outside the control of an AMA or an INA. 
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The ADEQ is the state agency responsible for water quality management in 

Arizona. As mentioned above, states attain much of their water quality authority 

from the federal government. Generally, states have developed water quality 

regulations and standards that govern point source pollution and nonpoint source 

pollution (legal definitions and references omitted). A wide variety of land use 

practices contribute to water pollution through both point and nonpoint sources. The 

backdrop to the land use is the land ownership, and the uses of state land will be 

discussed under the State Lands section. Finally, under its water quality policy, 

Arizona has established a Unique Waters designation. Pima County relied on this 

process to designate the waters of lower Cienega Creek as Unique Waters. This will 

be discussed in more detail under the Pima County section. 

The Arizona State Land Dept. is the state agency responsible for managing 

state lands. State land is important here because of its amount in the lower Cienega 

Creek watershed and proximity to the lower Cienega Creek riparian area. State land 

may be leased under ARS title 37 article four, "Lease of State Land". State land may 

be leased for various purposes including agricultural, grazing, commercial, and 

homesite purposes. As mentioned above, the BLM has leased the state land in the 

lower Cienega Creek watershed. It is presumed that land uses must comply with the 

leasing requirements. The water quality issues associated with the land uses allowed 

under the leasing laws are regulated by state water quality laws, and the water 

allocation issues are regulated by the state surface water and/or groundwater laws. 
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Pima County 

Pima County may own the smallest amount of land in any land ownership 

category in the Cienega Creek watershed, but it may also play one of the most 

significant roles in the basin regarding the management and protection of the lower 

Cienega Creek riparian area. As a government, the role of Pima County is 

multipurpose. The three roles that will be highlighted here include Pima County's 

roles as land owner, as flood control management authority, and as land use planning 

authority. 

In the Cienega Creek watershed, it is Pima County's activities as flood control 

authority that may be most prominent. Through the Pima County Flood Control 

·· District, the County purchased land that includes the lower Cienega Creek riparian 

area and is in the process of developing land use plans that also include the lower 

npanan area. 

Pima County gets its flood control authority from state law. Under Arizona 

Revised Statutes (ARS) 48-3602, a county can organize a flood control district. Part 

B specifies, "The County Board of Supervisors shall be the board of directors of the 

district." As board of directors, the County Board of Supervisors has many 

responsibilities and authorities. One power is especially important for this discussion. 

First, ARM 48-3603C2, which states that the board of directors may "Acquire by 

eminent domain, purchase, donation, dedication, exchange, or other lawful means 
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and dispose of by sale, exchange or other lawful means real and personal property 

within the boundaries of the district." 

Under its authority to acquire property, the Pima County Flood Control 

District (FCD) acquired land along the entire length of the lower Cienega Creek 

riparian area. In the process, this land was set aside as a natural preserve and was 

officially designated the "Cienega Creek Natural Preserve" (CNP). This is the 

principal mechanism through which Pima County became a land owner in the 

Cienega Creek Basin. The FCD is currently the agency responsible for management 

of the CNP and is presently developing a management plan for the CNP. 

Pima County has a comprehensive land use plan which covers virtually all 

lands within the County. The CNP management plan is incorporating components 

of the land use plan, including land use intensity categories which specify the 

maximum number of residents per acre (RAC) allowable under the plan. Near the 

CNP (lower Cienega Creek riparian area), the RAC ranges from a low of 0.3 RAC 

up to 24 RAC in some small areas. The majority of the land adjacent to the CNP 

appears to be at the low end of the range; however, a portion south and east of the 

Pantano interchange of 1-10 is as high as 3.0 RAC. 

The significance of the land planning is the land use intensity categories that 

are specified by the plan. By establishing maximum RAC, the County is also setting 

limits on the number of people who will be placing demands on the water resource, 

thereby indirectly controlling water use within the basin. The land acquisitions and 
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subsequent preservation (set aside) of the land base for flood control and as a 

natural preserve have a similar effect. The set asides also have the effect of helping 

control offsite impacts to the riparian area from grazing and other land use practices 

detrimental to riparian values, including water quality. 

The significance of Pima County's efforts cannot be fully appreciated, 

however, or understood without a more thorough explanation. Pima County was 

responsible for other large land acquisitions within the watershed, a process which 

resulted in Pima County owning and managing the CNP. What follows, in the next 

two sections, is a more detailed description beginning with the history of the creation 

of the CNP and ending with a review of Pima County's extensive management efforts 

to protect and enhance the CNP. It will become evident that some of the 

information is a little sketchy, but it will also be seen that we know enough about the 

process to construct a fairly accurate picture of the motives and events that took 

place. 

Background and History of the CNP 

Below I will describe the land acquisitions that Pima County made to establish 

the CNP and, actually, the story could end with that. However, regardless of how 

simple sounding, these Pima County actions deserve some introduction because, as 

will be shown, these acquisitions were part of a much larger effort to protect the 
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Cienega Creek Basin. The Cienega Creek basin effort was part of an even broader 

activity by Pima County to "preserve areas of natural biological diversity by 

preventing habitat fragmentation and maintaining animal movement corridors 

between the Rincon, Santa Rita, Whetstone, and Empire mountains, the Canelo Hills 

and the Cienega Creek basin." (Pima County Dept. of Transportation and Flood 

Control District, 1992). 

The larger effort by Pima County is reflected by its Open Space plan adopted 

in 1988 and its 1989 La.nd Use Plan. "Both plans call for a continuous river park 

along all the major water courses in the Tucson metropolitan area." (Pima County 

Dept. of Transportation and Flood Control District, 1992). 

The effort to protect Cienega Creek basin from development probably began 

in about the early to mid-1980s (Huckleberry, 1993). At that time, Huckleberry was 

Assistant County Manager for Public Works. He indicated that there was concern, 

from at least one County Supervisor, that development plans in the Cienega Creek 

basin would have an urbanizing effect. The developer and owner of the Cienega 

Creek property at that time was the Anamax Mining Company. The land in question 

was all of the Empire Cienega Ranch Property, most of which is currently owned and 

managed by ·the BLM (1979). 

The property has a long rich history which is succinctly described by the BLM, 

most of which is not essential for this discussion. It is sufficient to say that the land 

has a long history as ranch land until 1960, when Gulf America Corporation 
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purchased the Empire Ranch for real estate development. Then, "The development 

never occurred and the Anamax Mining Company bought the Empire Ranch in 197 4 

and the Cienega Ranch in 1977 for their water rights and mineral potential. Anamax 

changed its plans for developing the property and put the ranches back on the 

market." (U.S. Dept. of the Interior, undated). 

Enter Pima County. The BLM describes what happens next as a "ground 

swell of public support" to preserve the ranches for their natural values. It is true 

that Pima County became interested in acquiring the property. Many benefits were 

perceived from the purchase of the Empire/Cienega land. The benefits that were 

listed by Pima County included natural open space for a growing population, 

protection of endangered species, flood control, protection of natural and economic 

values of the water resources, and control of urban sprawl (Pima County Flood 

Control District, 1987). 

If there was a public "ground swell" favoring preservation of the ranch land, 

there was equal, if not greater, opposition to the use of County money to purchase 

the land. During this time, Pima County began the process of purchasing land that 

would eventually become the Cienega Creek Natural Preserve. 

In November 1986, Pima County purchased 1,238 acres from Walter Armor 

for $2,599,800.00. The purchase included covenants that were intended to protect 

the "natural and scenic resources of the property." (Pima County, 1987, Memoran-
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dum). The purchase was made by the County under its authority as Pima County 

Flood Control District. 

The purchase brought an almost immediate reaction by Pima County 

Supervisor Ed Moore. Moore called for an "investigation" of the purchase by the 

Bond Advisory Committee. Huckleberry (1993) confirmed that the political process 

became "convoluted" and that there was a threatened referendum. Julia Fonseca 

(Hydrologist, Pima County Flood Control District) also indicated that questions were 

raised about the acquisition. From an examination of newspaper articles during the 

period, most of the support for the preservation of the ranches came in 1987 and 

1988 and has continued into the early 1990s. 

The apparent result of the controversy was that Pima County eventually made 

a formal request to the United States to purchase the Empire/Cienega property. 

This request eventually resulted in a land swap between Anamax Mining Company 

and BLM. Anamax got land in Maricopa County. 

After Pima County purchased the Armor property in November 1986, they 

formally established the Cienega Creek Natural preserve in December (Pima County, 

1986, FC-10). At that time, Pima County owned two parcels of land--the Armor 

property and anothr parcel of 711 acres--which became the CNP. From 1986 through 

1991, Pima County purchased an additional 1009.9 acres for a total of 2958.9 acres 

by the end of 1991. Since that time, additional parcels have been added to the CNP. 
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According to both Fonseca and Huckleberry, who were county staff at that 

time, purchase of the land, including the BLM land swap and the creation of the 

CNP, was the result of a relatively few people. The key people at the time were 

County Supervisors David Yettman and Reg Morrison (Huckleberry, 1993). 

Management and Protection Efforts 

Pima County efforts to protect and manage the lower Cienega Creek riparian 

area have been extensive. The efforts, in large part, have been focused through the 

Pima County Flood Control District. 

The principal action taken by the County was to acquire the riparian land. 

The natural preserve may have been a result of covenants that were a condition of 

the Armor purchase in 1986 (Pima County, 1986, FC-10). In any case, section 2 of 

Pima County resolution 1986-FClO states: "The purpose of establishing the Cienega 

Creek Natural Preserve shall be to conserve natural riparian habitat, increase flood 

storage, reduce flood peaks, increase groundwater recharge, and prevent unwise and 

detrimental use of the Cienega Creek floodplain". Having acquired the property with 

covenants, Pima County established a management policy that closely paralleled the 

covenants. The policy statement extended the language in the establishing resolution 

in the following way. "Pima County's management goals .... are to maintain the 

present natural characteristics of Cienega Creek Natural Preserve and, if possible, 
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to allow natural restoration of the climax vegetation." (Pima County, 1987, 

Management Goals). 

The covenants were clearly intended for the Armor purchase as specified by 

paragraph 8. However, the management policy did not include the same restrictions. 

Therefore, it may be assumed that the management policy establishes a statement 

of the direction which management activities should follow. On-site resource 

management and use must preserve the natural characteristics of the natural 

preserve. These activities should also allow the climax vegetation to naturally restore 

itself. 

Other actions were taken by Pima County directly related to CNP. Each 

action was intended to directly manage the resource, offer protection to one or more 

of the resources, or attain special recognition of the resource values of the CNP. 

The actions include, but may not be limited to, the following list, which includes a 

brief description and status report based on available information. 

(1) Application to the Arizona Dept. of Environmental Quality, 

Water Quality Standards Unit to assign Unique Water status to 

a portion of Cienega Creek. 

(2) - Unique Water status was granted to Cienega Creek in 1993. 

The Unique Water is a special recognition that acknowledges 

the uniqueness of the high level of water quality of Cienega 

Creek. Subsequently, Pima County has been given the oppor-



tunity to recommend even more restrictive site-specific water 

quality standards for the Unique Water segment of Cienega 

Creek. 

(3) Acquired registration of the CNP on the State of Arizona 

Natural Area Register (Pima County, 1987, Memorandum). 

(4) Application to the Arizona Department of Water Resources for 

an instream flow water rights permit (Pima County, 1986, FC-

.2). 
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An application for an instream flow permit was made by the Winston-Wheeler Trust 

(Trust) for Cienega Creek in 1983. The Trust owned property along Cienega Creek 

which was purchased by Pima County. The acquisition included the instream flow 

permit application. Subsequent work was conducted by Pima County to substantiate 

the application according to the ADWR "Guide to Filing Applications for lnstream 

Flow Water Rights In Arizona". The method used to document the necessary 

information was the "Narrative Justification Method". This method does not include 

a fishery or habitat methodology. The guide lists several other methods, most of 

which are biologically based. The instream flow water right certificate was granted 

to Pima County Flood Control District by the ADWR in December 1993. 

The certificate lists specific monthly median flow values in CFS and a monthly 

volume in acre-feet/month. The accumulated monthly volumes result in an annual 
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volume of 985.36 acre-feet. The instream flow begins in the northeast quarter of the 

southeast quarter of section 34 and ends in the northwest quarter of the northeast 

quarter of section 30, all in Township 16 South, Range 17 East. 

(5) U.S. EPA Grant Proposal submitted to the ADEQ for funds to 

establish a Cienega Creek Riparian and Watershed Man

agement Program, December 1992 (Pima County, 1992). Status 

unknown. 

(6) Established a permit system to monitor use of the CNP (Pima 

County, 1987, Management Goals). 

(7) Hired a consultant to prepare a management plan for the CNP 

(Fonseca, 1993). 

The management plan was completed in the fall of 1994. 
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CHAPTER FOUR 

RIPARIAN AREA CLASSIFICATION AND MANAGEMENT STRATEGIES 

There are possibly as many riparian classification schemes as there are 

management agencies, if not more, but information about riparian management is 

much more abundant (USDA Forest Service, 1985, 1993). As referenced, the 

document summarizing the Albuquerque conference contains no less than six 

management examples from Arizona alone. Therefore, rather than trying to 

summarize all of the material available, let me rely on statements by Phylip A. Meyer 

and David W. Crumpacker from the Tucson conference. Meyer pointed out that 

there was general consensus that riparian management should draw on the extensive 

experience of eastern wetland managers in developing legislative and organizational 

strategies. Even though the wetlands may not be considered riparian areas, the 

strategies employed could be useful in developing riparian management strategies. 

Crumpacker observed that "Emphasis has shifted markedly from the negative opinion 

of water-loving plants ... to an interest in preserving the integrity of the western U.S. 

riparian ecosystems through enlightened multiple-use management." (USDA Forest 

Service, 1985). 

From the Albuquerque conference (USDA Forest Service, 1993), the Arizona 

presentations, and probably most others, two common general concerns can be listed. 

One, maybe too obvious, is that off-site land use can and does impact riparian areas, 

making watershed management a critical component to any riparian protection 

strategy. Additionally, not so obvious, but important nonetheless, is a communication 
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concern. Decision makers require the development of increasingly more technical 

information for management purposes. However, the more technical the information 

is, the less likely that it will be understood, and therefore used by the decision 

makers. Technical reports must be understandable to decision makers before they 

will be used. 

What is important for this discussion is that one sees the relationship between 

the definition of a riparian area and the type of information that a given classifica

tion system calls for. Below is a brief description of several riparian management 

strategies. Most are derived from the agencies responsible for resource management 

within the Cienega Creek watershed. Within each section, I try to subscribe to a 

general format by giving a riparian area definition and a general description of the 

classification and management system associated with the definition. The general 

description will also touch on the purpose or philosophy of the policy. 

A comparison between the riparian management systems would undoubtedly 

reveal many similarities and differences; however, I would like to focus on one point. 

First (ignoring all other factors for now), notice that all definitions presented here, 

either directly or indirectly, recognize that water is the single most critical component 

for the existence of a riparian area. If there is no water, there is no riparian area. 

Then notice that virtually (with only recent exceptions) all classification and 

management strategies focus on impacts or potential impacts to a riparian area other 

than water allocation. 
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Having said that, let me qualify and expand on my claim. It is implied in 

many ways that water allocation issues have an influence on riparian management 

plans. However, when reading through the many different types of analysis 

conducted with regard to riparian management, most studies focus on the biological 

or geomorphic changes that occur from impacts associated with riparian area land 

use and impacts from up-land use on riparian resources. Even the studies described 

as "riparian hydrology" focus mostly on evaporation and transpiration. These studies 

usually focus on the amount of water gained or lost due to the gain or loss of 

riparian vegetation, which was in turn due to land use practices. To be fair, 

historically, water allocation has been an issue with regard to riparian areas. 

However, the issue was: how much water could be gained downstream from the 

elimination of riparian vegetation. 

More study and more attention should be given to the impact of water 

allocation on riparian areas. Discussions about policy changes can be found in the 

literature, but more scientific study is needed. In a challenging step, The State of 

Arizona recently began to address the issue of water allocation in a legislatively 

directed study of impacts to riparian areas from groundwater pumping. These studies 

will be described in more detail below. On the policy side, Pima County, as 

mentioned previously, successfully secured an instream flow water right for Cienega 

Creek. Still, the vast majority of the studies do not focus on the impact of water use 

on the riparian areas, and Arizona's water policies, more frequently than not, induce 
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the destruction of riparian areas, rather than protect them, by allowing surface water 

and groundwater use to deplete stream flows. 

The purpose of this section is to establish a reference point for riparian 

classification and management. However, it's important to recognize the limitations 

of this attempt. First, classification and management of riparian areas are 

interdependent to a large degree. Classification can depend on management 

objectives, while management certainly depends on the information derived from a 

clear classification system. Second, given the fact that each agency, institution, and 

land owner has its own management objectives, which may also vary from riparian 

area to riparian area, riparian area management strategies also vary widely. 

Therefore, trying to define a "standard" classification and management system 1s 

impractical. Given these limitations, the following comments are offered. 

Recall our working definition of a riparian area as defined by the Arizona 

Riparian Council. 'The term riparian is intended to include vegetation, habitats, or eco

systems that are associated with bodies of water (streams or lakes) or are dependent on 

the existence of perennia~ intermittent, or ephemeral surface or subsurface water 

drainage." (Arizona Sonora Desert Museum, 1988). This description provided a good 

foundation for understanding the general meaning of a riparian area. Now we look 

at the individual definitions that form the basis for classification systems which are 

becoming increasingly sophisticated, classification systems that are being relied on to 

support increasingly complex management decisions which frequently have social and 

economic implications. 



83 

U.S. Forest Service 

The U.S. Forest Service system of riparian classification is the Riparian Area 

Survey and Evaluation System (RASES). It defines "riparian areas" as being 

comprised of two components: the "riparian ecosystem" and the "aquatic ecosystem". 

(U.S. Dept. of Agriculture, 1989). The technical information gathered under the 

RASES will be used as an aid to meeting "Regional and forest standards and 

guidelines (that) call for adjustments in management of riparian areas plus concerted 

efforts to improve conditions through investments where needed." Information 

generated by the RASES will aid in making management decisions, examples of 

which "include a revised range management plan, a different silvicultural prescription, 

or a varied burning schedule." (U.S. Dept. of Agriculture, 1989). The definitions 

follow. 

(1) "Riparian Areas (FSM 2526.05)--Geographically delineable areas 

with distinctive resource values and characteristics that are 

comprised of the aquatic and riparian ecosystems. " 

(2) ''Riparian Ecosystems (FSM 2526.05)--A transition between the 

aquatic ecosystem and the adjacent te"estrial ecosystem, identified 

by soil characteristics or distinctive vegetation communities that 

require free or unbound water. " 



(3) ''Riparian Ecosystem (R-3 Supplement)--Terrestrial ecosystems 

characterized by hydric soils and plant species that are dependent 

on the water table (saturated zone) and/or its capillary fringe." 

(4) ''Aquatic Ecosystems (FSM 2526)--The stream channel, lake or 

estuary bed, water, biotic communities, and the habitat features 

that occur therein. " 
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Following the definitions, the physical Riparian Area surveys that are 

conducted are essentially divided between an Aquatic Ecosystem Survey and a 

Riparian Ecosystem Survey, which are meant to be conducted simultaneously. The 

Aquatic Ecosystem Survey is based on a stream classification system developed by 

David Rosgen, Hydrologist, U.S. Forest Service, Fort Collins, Colorado. He 

described the classification system and stated, "the purpose of this classification 

scheme is to categorize natural stream channels on the basis of measurable 

morphological features" (USDA Forest Service, 1985). The criteria for this system 

measure channel width, depth, water velocities, discharge, slope, roughness of 

channel materials, and sediment load. The Riparian Ecosystem Survey is based on 

"Chapters 3 and 4 of the Terrestrial Ecosystem Survey Handbook." (U.S. Dept. of 

Agriculture, 1989). 
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Bureau of Land Management (BLM) 

The current BLM plan for riparian management titled "Riparian Wetland 

Initiative for the 1990s" generally follows the BLM multiple use mandate. (USDA 

Forest Service, 1993). The four goals of the plan are summarized as follows: (1) 

restore and maintain riparian areas and wetlands ... (2) protect riparian and wetland 

areas and the associated uplands ... (3) ensure an aggressive riparian-wetland informa

tion/ outreach program ... and (4) improve partnerships and cooperative restoration. 

(USDA Forest Service, 1993). 

The Riparian Wetland Initiative policy gives a policy level definition of 

riparian area as "An area of land directly influenced by permanent water. It has visible 

vegetation or physical characteristics reflective of permanent water influence. Lake 

shores and stream banks are typical riparian areas. Excluded are such sites as 

ephemeral streams or washes that do not exhibit the presence of vegetation dependent 

upon free water in the soil" (U.S. Dept. of the Interior, 1991, Riparian-Wetland 

Initiative). However, the policy goes on to describe "water" as one of several 

"Riparian Area-Dependent Resources" which "owe their existence to the riparian 

area". This is the same definition of a riparian area that is used in an Arizona BLM 

planning document. (U.S. Dept. of the Interior, 1990). The overall goal of the 

Arizona strategy is to "maintain, restore, or improve riparian areas to a healthy 

functioning condition, thus achieving a healthy productive ecological status for 

maximum long-term, multiple-use benefits and value." (U.S. Dept. of the Interior, 

1990). This document, which is intended to cover a five-year period beginning in 
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1991, lists rune goals and eight objectives. This document is supported by an 

additional document (U.S. Dept. of of Interior, 1990, Supplemental Information). 

This document includes a policy statement which lists six authorities for riparian 

management, seven objectives, and nine "Guidelines for Management of Riparian 

Areas". 

It is evident that the BLM places a high value on riparian areas and their 

management. In order to achieve these goals and carry out its policy, a classification 

system was implemented to aid in categorizing and monitoring riparian areas. The 

BLM has classification systems based on large-scale photo interpretation or color 

infrared photography that characterize riparian areas based on at least 20 variables. 

Some of the variables include stream width and depth, canopy cover, habitat type, 

stream bank stability and fish species composition, number, and biomass (USDA 

Forest Service, 1985). The fishery variables have been extended to a national 

strategy (U.S. Dept. of the Interior, 1991, Special Status Fishes). This strategy 

encourages classification and management of riparian resources for the protection 

of fisheries on BLM lands. 

As suggested by the titles of the various policy documents, the BLM system 

is designed to consider both wetlands and riparian areas. The definitions are listed 

in the document titled "Riparian Area Management, TR 1737-9 1993, Process for 

Assessing Proper Functioning Condition". In fact, the "Supplemental Information to 

the Arizona Riparian-Wetland Area Management Policy" flatly states that "For the 
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purposes of this policy, the terms npanan area and wetland area are used 

synonymously.". 

'Federal policy defines wetlands as areas that are inundated or saturated by 

surface or groundwater at a frequency and duration sufficient to support, and which, 

under normal circumstances do support, a prevalence of vegetation typically adapted for 

Life in saturated soil conditions. BLM Manual 1737, Riparian-Wetland Area 

Management, includes marshes, shallow swamps, Lakeshores, bogs, muskegs, wet 

meadows, estuaries, and riparian areas as wetlands. " 

'BLM's manual further defines riparian areas as a form of wetland transition 

between permanently saturated wetlands and upland areas. These areas exhibit 

vegetation or physical characteristics reflective of permanent surface or subsurface water 

influence. Lands along, adjacent to, or contiguous with perennially and intermittently 

flowing rivers and streams, glacial potholes, and the shores of Lakes and reservoirs with 

stable water levels are typical riparian areas. Excluded are such sites as ephemeral 

streams or washes that do not exhibit the presence of vegetation dependent upon free 

water in the soil " 

State of Arizona 

Several State of Arizona agencies may have a riparian area definition and 

classification; however, it is not my intention to list and survey each of them. I will 

focus on one of the most significant riparian area identification classification projects 
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to occur in the state. This project is significant for several reasons. First, it involves 

several state agencies, including the Arizona Depts. of Game and Fish (AGFD), 

Environmental Quality (ADEQ), and Water Resources (ADWR). Second, as a 

project that was legislatively mandated, it may be the first time a project of this 

magnitude has occurred for this purpose in the State of Arizona, the purpose of 

legislation being to establish a scientific basis for future riparian protection 

legislation. Finally, the project signals an important shift in the attitude toward 

riparian area protection in the State of Arizona. 

The project generally consists of three parts (State of Arizona, 1992). The 

AGFD was directed to " ... develop a system for classifying riparian areas in this 

state ... " and " .. .identify, classify, and map riparian areas ... ". The ADEQ was directed 

to " .. .identify activities, operations, and uses that occur on land in riparian areas of 

federal, state, and private property in this state which involve removing or depositing 

material, removing vegetation or otherwise obstructing, altering, or destroying 

riparian areas." The ADWR was directed to " ... conduct studies ... to evaluate the 

effect of groundwater pumping and surface water appropriations on riparian areas ... " 

As defined by the legislation, "Riparian area means a geographically delineated 

area with distinct resource values that is characterized by deep-rooted plant species which 

depend on having roots in the water table or its capillary zone and that occurs within or 

adjacent to a natural perennial or intermittent stream channel or within or adjacent to 

a lake, pond, or marsh bed maintained primarily by natural water sources. Riparian 

area does not include areas in or adjacent to ephemeral stream channels, artificially 
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created stockponds, manmade storage reservoirs constructed primarily for conservation 

or regulatory storage, municipal and industrial ponds or manmade water transportation, 

distribution, off-stream storage, and collection systems." 

The classification system, mapping, and hydrologic studies were for the express 

purpose of providing " ... reports on which the legislature may base decisions 

concerning protecting riparian areas." The legislature has the power to direct state 

agencies to protect riparian areas. The legislation required for this to occur will 

depend on the mission of a given agency. Significant to the focus of this paper is the . 

fact that the studies conducted by the ADWR clearly show the impacts to riparian 

areas from groundwater pumping. For now, and until the legislature enacts specific 

legislation, the reports submitted to the legislature are representative of a general 

trend toward state-wide riparian area management and protection. 

Pima County 

Indirectly related to the Cienega Creek Natural Preserve (CNP) management 

is a proposed riparian mitigation ordinance (Pima County, proposed ordinance). The 

ordinance is intended as an overlay zoning ordinance that would apply to riparian 

areas on private land. The ordinance would rely on a classification system developed 

by SWCA, Inc. Environmental Consultants (1993). 

The ordinance and its goals and the classification system will not be used for 

management of the CNP. The purpose for mentioning them here is to help make 
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two points. First, whatever the intent of the ordinance, it shows the relative 

importance and value of riparian areas to Pima County. Second, this kind of 

commitment should also be reflected in the County's management of its riparian 

resources. This could be accomplished by establishing a classification system and 

management plan for the CNP. Such a classification can provide a useful tool for 

monitoring management activities. The classification developed by SWCA, Inc. 

defines a riparian as, "Plant communities occurring in association with any spring, lake, 

river, stream, creek, wash, arroyo, or other body of water or channel having banks and 

bed through which waters flow at least periodically. These habitats are generally 

characterized or distinguished by a difference in plant species composition or an increase 

in the size and/or density of vegetation." 

The classification further subdivides riparian communities into the subcatego

ries of "Hydroriparian", "Mesoriparian", and "Xeroriparian". The categories key on 

vegetation type and density within an area. Delineation of the areas is conducted 

with the aid of remote sensing techniques. 

Nature Conservancy 

Some additional thoughts and ideas have been derived from interviews held 

with Nature Conservancy staff (Nature Conservancy, 1993). The comments help to 

highlight issues to consider in the management of riparian areas. The Nature 

Conservancy mission can be stated as an effort to "Preserve biodiversity", with a goal 
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toward re-establishing "natural conditions" as nearly as possible. However, even with 

such desirable objectives, the difficulty with such a · strategy is in attempting to 

identify the natural succession level of or condition of a riparian area and separating 

the natural succession from an artificially created condition. This issue creates 

concern from the management perspective. We would agree that negative human

induced impact, such as grazing, to a riparian area is undesirable. However, a given 

riparian area that meets a standard or fits into a vegetative classification for good 

condition one year might be reduced to a gravel bar the next year by a flood, under 

perfectly natural conditions. Hence, if riparian vegetation can be wiped out under 

natural conditions, a common argument is: why not use the riparian area for some 

higher purpose? Under the influence of a natural event such as a flood, who is to 

say whether the riparian area is in good or poor condition? Such issues are reasons 

that "monitoring" (USDA Forest Service, 1993) is such a big part of management. 

Field monitoring of the variables that contribute to the given classification system can 

give the manager a continuous record of changes to a system that occur over time. 
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In general, threats to riparian areas come from two sources: those being either 

on-site or off-site activities. Management considerations for riparian areas focus on 

human-induced activities and normally do not consider naturally occurring events, 

such as floods, to be controllable events. Activities can include but may not be 

limited to grazing, farming, recreation, residential--industrial--and commercial 

development, road building, mining, and timber harvesting practices. Each activity, 

depending on its intensity and location within the watershed relative to the riparian 

area (ignoring management practices), can be expected to have a different level and 

type of impact on the riparian area. Generally, the type of impacts usually 

considered in riparian area management include biological impacts to the animal life, 

ecological impacts to the plant life, or geomorphic impacts. Activities can have more 

than one type of impact. 

Efforts to protect riparian areas usually focus on regulations to control land 

use activities or establish management practices that tend to minimize the impact of 

an activity. This type of management can play an important role in protecting the 

health of a riparian area. Even a riparian area in severely degraded condition from 

on-site or off-site activities can be revived under proper management. However, the 

permanent loss of water can reduce a riparian area to nothing, and no amount of 

land use control can revive it. 
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Each of the definitions of riparian area discussed in the previous section 

expresses the dependence of a riparian area on surface water or groundwater. 

Surface water use and groundwater pumping can reduce or eliminate a riparian area 

(see the Stromburg reports and the recent legislative reports prepared for the 

Arizona Legislature, especially those reports by ADWR). It has been reported that 

"By some estimates, over 90% of the streams that flowed year round in the lower 

desert regions of the State have been lost during the last century because of 

upstream diversions and impoundments and extensive groundwater pumping." (Eden 

and Wallace, 1992). The Arizona Groundwater Act was created because of severe 

groundwater overdraft conditions throughout the State. With respect to the lower 

Cienega Creek riparian area, the following analysis focuses on water use within the 

Cienega Creek watershed. The analysis consists of a review of records of the 

Arizona Dept. of Water Resources (ADWR). A written request for the records was 

made, delineating the geographic area of the Cienega Creek watershed. Based on 

the request, the ADWR supplied the appropriate records. The records consist of 

surface water claims, groundwater wells, and stock water filings. The foundation for 

the records is also briefly explained. 

ADWR Records 

The foundation for the surface water, groundwater, and stock water records 

is both the Arizona Groundwater Management Act ( the Groundwater Code) and the 
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Surface Water Code. The filings generally fall into two categories: surface water 

claims and groundwater well logs. The information for this section comes generally 

from ADWR documents and from personal discussions with ADWR personnel. 

Since 1919, a person wanting to use surface water in Arizona has been 

required to file an application for a "permit to appropriate" water. In 1974, the 

Surface Water Code was amended to require individuals to file a claim for any 

surface water use that existed prior to 1919, with a deadline for filing of July 1979. 

(These claims and the deadline for these claims are not the claims filed under the 

Gila River Adjudication). A special surface water filing pertaining to stock ponds 

was enacted in 1977. Based on specific criteria, stock ponds that were constructed 

after June 12, 1919 and before August 29, 1977 could be registered, with a filing 

deadline of June 30, 1979. 

Pursuant to the Groundwater Code (1980), all groundwater wells are to be 

registered with the ADWR. Wells in existence at the time of the enactment of the 

Groundwater Code were required to be registered with the ADWR. Information 

included with the registration was to include the well's location, depth, size, and 

pumping capacity. Wells drilled after 1980 required authorization by the ADWR. 

Wells outside an AMA require a "Notice of Intent to Drill". Wells within an AMA 

require the same notice and "An application for a permit to construct a new well or 

replacement well in a new location". 
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Surface water. Surface water records obtained from the ADWR for the 

Cienega Creek basin were broken into three categories: pre-1919, post-1919, and 

stock water. The documentation refers to the pre-1919 records as the Claims

General Information Report, the post-1919 records as the Public Water-General 

Information Report, and the stock water records as the Stockpond-General 

Information Report. The information from the Claims report and the Public Water 

report was entered into an Excell spreadsheet to aid in the analysis. For the 

Stockpond report, only the annual acre feet were calculated. 

The Claims report had 380 claims (pre-1919 surface water use). The earliest 

priority date listed is 1800. Each record indicates an amount of "Annual Water 

Used". This is interpreted to mean acre feet per year; however, I was told at one 

time to assume that the units were in gallons. The annual water used came to a total 

of 93,741.04 acre feet per year. One claim amounted to 91,250 acre feet per year. 

Ignoring this claim would leave a total of 2,491 acre feet per year for the remainder 

of the claims. If the units are in gallons, the total value of 93,741 gallons would 

amount to less than 1/3 of an acre foot, which seems unrealistically low. If the units 

are in acre feet, the total seems unrealistically high, unless the single large claim is 

omitted. In any case, I did not verify the accuracy of the values and at least question 

the single claim value of 92,250, whether it is gallons or acre feet. 

The Public Water report had 74 records (post-1919 filings). The latest priority 

date listed is 1988. The annual water used came to a total of 2,744 acre feet per 

year. The Stockpond report indicated a total annual water use of 5,857 acre feet, for 
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a total of surface water filings of 11,092 acre feet per year, ignoring the one large 

claim. 

Groundwater. Groundwater wells are registered with ADWR and recorded 

in a record called the well registry. For the Cienega Creek watershed area, I 

requested a listing of the well registry information. The type of information listed 

on the registry includes location, registry number, name of well owner, well type, 

pump capacity, well depth, water level, case diameter, case depth, water use, well use, 

and construction date. The well registry does not give an annual water use, as does 

the surface water filings, but the location and pump capacities can give a general 

order of magnitude of the number of wells and the volume of water that can be 

pumped. 

According to the well registry, there are at least 654 wells located in the 

Cienega Creek watershed, 50% of which are located in T17, R18 and T17, R19. The 

most critical townships in the lower watershed (relative to the lower Cienega Creek 

riparian area) include Tl6, Rl6,17 and 18, and T17, R17,18 and 19. The total 

number of wells within these townships is 489, or 75% of the total. Of the wells in 

the lower watershed, 67% are in Tl 7, R18 and R19. Of the remaining 165 wells in 

the selected area on the well registry that have a pump capacity listed, only one BLM 

well is 600 gpm and is located in S34 of T18, Rl 7. Aside from that well, the largest 

pump capacity given is one 64 gpm well and the next largest well rated at 35 gpm. 

There are 17 wells with a pump capacity of 35 gpm. Only 52 wells have been drilled 
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since 1988, and only one has a pump capacity of 100 gpm. All others drilled in the 

same time period have a pump capacity rating less than 100 gpm. 

The following six paragraphs give a township-by-township breakdown of the 

well data. Each paragraph follows the same format for consistency. For each town

ship, the total pump capacity of those wells that have a given pump capacity are 

listed. For those wells without a pump capacity, an indication of the number of well 

casings that are greater than eight inches is ·given. Finally, for comparison against 

the total given pump capacity of the township, the number of large capacity wells and 

their total pump capacities are indicated. The distribution of the wells by township 

is presented in Figure 4. 

There are 42 wells listed in T16, R16, of which 30 show a given pump 

capacity. The total pump capacity of these wells is 1,870 gpm. There is one well 

without a pump capacity with a casing diameter greater than eight inches. This 

township has two wells in sections 14 and 15 owned by the Del Lago Water Co. with 

a combined pump capacity of 1,440 gpm. 

There are a total of 16 wells located in T16, R17, of which nine show a pump 

capacity. The total pump capacity of these wells is 1,400 gpm. There are no wells 

without a pump capacity and with a casing diameter greater than eight inches. This 

township has two wells in sections 33 and 35 with a combined pump capacity of 1,300 

gpm. 

There are 58 wells located in T16, R18, of which 44 have a pump capacity. 

The total pump capacity of these wells is 901 gpm. There are no wells without a 
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pump capacity and with a casing diameter greater than eight inches. This township 

has three wells in sections 23 and 27 with a combined pump capacity of 350 gpm. 

There are 43 wells located in T17, R17, of which have 24 a pump capacity. 

The total pump capacity of these wells is 347 gpm. There is one well without a 

pump capacity with a casing diameter greater than eight inches. This township has 

one well with a pump capacity of 100 gpm. 

There are 146 wells located in Tl 7, R18, of which 107 have a pump capacity. 

The total pump capacity of the wells is 2,571 gpm. There are five wells without a 

pump capacity with a casing diameter greater than eight inches. This township has 

two wells with a combined pump capacity of 500 gpm, one of which is owned by 

Empirita Ranch, Inc. for 400 gpm, in section 17. 

There are 184 wells located in T17, R19, of which 127 have a pump capacity. 

The total pump capacity of these wells is 2,662 gpm. There is one well without a 

pump capacity and with a casing diameter greater than eight inches. This township 

has one well with a pump capacity (PC) of 250 gpm, two with a PC of 100 gpm, one 

with a PC of 110 gpm, and one with a PC of 200 gpm. 

The total pump capacity listed for the above townships comes to 9,751 gpm 

from 489 wells. Fifteen wells have a combined capacity of 4,450 gpm. This indicates 

that only 3% of the wells that list a pump capacity contain 46% of the pumping 

capacity within the lower Cienega Creek watershed. Seventy percent of the wells 

listed have a pump capacity and, of those that do not list a pump capacity, 148, only 

eight have a casing diameter greater than eight inches. 
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Assuming annualized pumping, if the total capacity of 9,751 gpm were pumped 

for a period equivalent to 10% of the time, the volume of water that would be 

pumped would be 1,572 acre feet. At 25% of the time, the annual volume would 

come to 3,930 acre feet and, at 50% of the time, 7,860 acre feet per year. Note that 

these figures ignore the pumping from 165 wells located in the central and upper 

watershed. 

Given the surface water values and assuming the groundwater pumping 

estimates as presented above, estimates of potential water use within the Cienega 

Creek watershed can be made. Assuming full surface water usage (11,092 acre feet 

per year, ignoring the one large claim) based on the filings, and groundwater 

pumping at the full capacity for 50% of the time, total water use within the basin 

could be as high as 18,952 acre feet per year; based on full surface water usage and 

groundwater pumping at 10% of the time, total water use would be as low as 12,664 

acre feet per year. 

These estimates are only intended to be gross indicators of the magnitude of 

water use possible within the lower Cienega Creek watershed. Surface water filings 

and pump capacities are poor measures of actual water use. However, the number 

of surface water filings and number of wells combined with the gross values for the 

filings and pumping values give a sense of the order of magnitude of potential water 

use within the lower watershed. The question that remains is the impact that water 

use has on the lower Cienega Creek riparian area, more specifically, what impact will 

increased water use have on the riparian area. 
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Impacts 

The study of the impact of water use on the lower Cienega Creek riparian 

area should focus on several factors. First, because we are concerned with a peren

nial reach that is contained within a Natural Preserve, additional surface water 

diversions are not likely. Increasing groundwater pumping will be the major concern. 

It can affect the water levels within the riparian area and consequently have an effect 

on the other riparian values. Concurrently, impacts to the riparian area from 

groundwater pumping will depend on the location of the pumping with respect to the 

riparian area, the magnitude and timing of the pumping, and the relative growth of 

groundwater use within the Cienega Creek watershed. 

These issues have both hydrologic and policy implications. The location of 

groundwater pumping can be critical. Groundwater pumping in the upland, laterally 

away from the riparian area, or pumping located in the upper basin will have less 

impact than pumping in the lower watershed, near the lower riparian area. The 

closer to the riparian area, the greater the impact could be. Hydrologically, a well 

pumping at a great distance from the stream will have virtually no impact on the 

stream. As you move closer to the stream, a well will begin to have "indirect 

interference" (Arizona Dept. of Water Resources, 1994, Summary of Findings) on the 

stream. "Indirect interference occurs when groundwater flowing toward the stream 

is intercepted by a cone of depression. Indirect interference has the effect of 

reducing the amount of groundwater that would have eventually discharged to the 

stream, thereby reducing baseflow." Eventually, as you move even closer to the 
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stream, a pumping well can have "direct interference" (Arizona Dept. of Water 

Resources, 1994, Summary of Findings) on the stream. "Direct interference occurs 

when a cone of depression expands into the stream alluvium of a river creating a 

groundwater gradient away from the stream. Streamflow losses increase as additional 

surface water infiltrates into the permeable alluvium to fill the area dewatered by the 

well." The distance from the stream that indirect or direct interference begins to 

occur depends on the hydrologic characteristics of the aquifer and the magnitude of 

the pumping. The policy implications are the issues related to subflow, described 

above, under the Arizona section of the Legal and Institutional Setting. 

Groundwater pumping can have an impact on Cienega Creek (at a minimum) 

under one or a combination of a couple general scenarios. A single large- capacity 

well can have an impact on groundwater discharge to the stream. Second, a large 

and growing number of small capacity wells can impact the streamflow. In any case, 

the combination of location, pumping volume, well depth, aquifer hydrologic 

characteristics, and general growth in water use all play a role in whether a well will 

impact streamfl ow. 

Several methods are available to aid in predicting the potential impact of 

groundwater pumping on stream flow, including water use studies, aquifer pumping 

tests, and groundwater flow models. Water use studies give planners an overall 

picture of the magnitude of water use within a given region. Water use studies assist 

in determining numbers useful for water budgets. Outside of this report, I am not 

aware of any other efforts to quantify water use within the Cienega Creek watershed. 
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Aquifer pumping tests are typically project-related and especially useful for 

determining the potential impact of a new well. Water use studies and aquifer 

pumping tests can be time-consuming and expensive, depending on the size of the 

project. Each is somewhat limited in scope and in their ability to predict impacts 

under changing scenarios. A groundwater flow model can also be time-consuming 

and expensive to develop; however, once they are completed, they. can be very 

versatile in their ability to predict impacts from many scenarios and under changing 

conditions. The major limitation of a flow model is that it is a mathematical model, 

and is thereby limited in its ability to accurately predict reality. Regardless, a well

developed groundwater flow model can provide very useful information. 

In the Cienega Creek watershed, as mentioned in the introduction, a 

groundwater flow model is being developed (Chong-Diaz, 1995). Some of the many 

questions that this model can be helpful in addressing now or in the future include 

potential impacts to water levels within the lower Cienega Creek riparian area based 

on a combination of scenarios, including the impact from a single large-capacity well, 

and the impact of the general growth on the number of small-capacity wells. 

Specifically, for a single large-capacity well pumping at a given capacity from the 

alluvium and basin fill aquifers, upgradient of the riparian area, at what distance 

from the stream will the pumping not show an impact on the stream? Furthermore, 

for a large and growing number of small-capacity wells pumping at a given average 

capacity, how long will it take and at what level of growth will pumping begin to 

show an impact on the stream? 
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The thesis written by Chong-Diaz (1995) was intended, in part, to "predict the 

effects" of a large groundwater development, by Empirita Ranch, Inc., on the 

perennial surface water flows of lower Cienega Creek. The production wells of the 

Empirita Ranch development are planned for "section 1, township 17 south, range 

17 east, and in sections 7, 17, and 20, township 17 south, range 18 east." (Errol 

Montgomery and Associates, Inc., 1985). The proposed development "is projected 

to be about 1600 acre feet per year, or 990 gpm (gallons per minute). 

The approach used to make the predictions was based on a finite element 

groundwater flow model called MOD XX. The results of the groundwater flow model 

indicated are that there could be a "streamflow reduction of up to 36% ... " (Chong

Diaz, 1995) within the lower Cienega Creek riparian area, after one year of pumping 

at the level proposed by the development (1990 gpm or 2.2 cfs). Continuous 

pumping for nine years would diminish streamflow by "up to 70-80%" overall and up 

to "100% in four reaches ... " These numbers are dramatic, especially given the fact 

that the average base flow for lower Cienega Creek is only about 2.2 cfs. Such 

reductions in streamflow would undoubtedly have an impact on current riparian 

values. 

The relative growth of water use from small wells in the Cienega Creek water

shed may be best described with respect to population growth. Population growth 

in Pima County is monitored by the Pima County Association of Governments 

(1993). The Population Handbook lists population and population projections by 

"census tract". The census tract which includes (but is larger than) the Cienega 
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Creek watershed projects that the population will grow from 4,892 in 1990 to 19,032 

in the year 2000. This is an average annual population growth rate of 29% based on 

the 1990 base level. The projection for the period 1990 to the year 2030 indicates 

an average annual population growth rate of 15% based on the 1990 census. 

The groundwater modeling should consider this growth rate to apply to water 

use growth for the Cienega Creek watershed. Therefore, for example, if 15% of the 

current low end (10%) annual pumping capacity of 1,572 acre feet were added to the 

total each year, within ten years the pumping capacity would exceed 6,000 acre feet 

per year. The most critical areas to consider are those areas near the riparian area 

that are most susceptible to growth, namely the private land. The private lands most 

near the riparian area are in township 16, range 16 and 17. The low end (10%) 

annual pumping capacity in these two townships is currently 526 acre feet. If 15% 

of this rate was added each year, the pumping capacity in these two townships would 

exceed 2,000 acre feet per year within ten years. Development on other areas of 

private land within the lower Cienega Creek watershed should be considered relative 

to the overall water budget. 

The population growth and the growth of groundwater use may ·be limited by 

Pima County land use plans that establish density guidelines, but the density 

guidelines may not be strict enough to preserve the supply of water for the riparian 

area. Estimates of the limits of growth can be made based on the density guidelines 

if some broad assumptions are relied upon. Assumptions which we have already 

made include the assumption that we can estimate the magnitude of groundwater use 
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from pump capacities listed in ADWR records. A second assumption made is that 

we can estimate the growth in groundwater use from the population projections made 

by the Pima Association of Governments. Another assumption is that the growth 

rate which is projected by the population estimates for the census tract applies evenly 

across the watershed area. Once again, concentrating on township 16, range 16 and 

17, we will attempt to estimate the magnitude of groundwater growth if we apply the 

density limits, and we will eventually use this estimate to draw some conclusions 

about the policy and the eminence of the threat of groundwater use to the riparian 

area. To begin with, we will assume that the majority of the growth will occur on the 

private land. Within the watershed portions of these townships, I estimate that about 

25% or about 5,760 acres of the area is in private ownership, according to the land 

ownership map. If we assume that each domestic well represents an average of 2.5 

people, we can estimate that there are about 98 (round to 100) people in this 

township, based on a total of 39 wells in the two townships. Based on these 

estimates, we calculate that the current population density is about .02 people per 

acre. The current land use plan density guidelines for most of the region around the 

riparian area are .30 people per acre. At this density level, we estimate that the 

population of this area could reach 1,728 people. This number of people translates 

to 691 wells. -Now, looking back at the analysis of water use from well capacities, we 

see that, based on the total of 489 wells, we have an average pump capacity of 19 

gpm, or an average of 11 gpm if we eliminate the 15 largest capacity wells. Based 

on these averages, the 691 wells would result in total pumping capacities for the two 
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townships rangmg from 7,601 gpm to 13,129 gpm. Based on these pumpmg 

capacities, pumping only 10% of the time, annual water use would range from 1,226 

acre feet to 2,117 acre feet. Based on the 15% growth rates made by the population 

projections, pumping capacities will take about six years to grow from 526 acre feet 

per year to 1,200 acre feet per year and only ten years to reach the 2,100 acre feet 

per year. 

Compare these figures with the proposed 1,600 acre feet per year development 

of Empirita Ranch, Inc. Additionally, given these potential values for consumptive 

use, compare them to some of the hydrologic values presented earlier. For example, 

the minimum annual streamflow for the Pima County instream flow water right 

certificate was 2.2 cfs, or 1,660 acre feet per year. The surface water I groundwater 

discharge from the Cienega Creek basin into the Tucson basin is estimated at 6,000 

acre feet per year, of which 2,700 acre feet is estimated to be surface water flow. 

The assumptions made in the previous paragraph may be too broad and, the 

estimates may not be quantified accurately or precisely enough to be realistic, but the 

numbers point to the question that planners should be asking now about the future 

impact of growth on the riparian area. At what point in time and at what level of 

growth will the expansion of groundwater use begin to impact water levels in the 

lower Cienega Creek riparian area? Water policies allow water users outside AMAs 

to drill wells with little or no restrictions, and the Gila River adjudications are still 

years away from reaching Cienega Creek. Land planning guidelines place restrictions 

on growth, but growth will continue until those limits are met, but at what rate. 
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Another problem with the estimations is the perception that growth has not 

been an issue in the basin. Based on the ADWR well records, only 52 wells have 

been drilled in the watershed area between 1988 and 1993. 1988 was the year that 

the ADWR declared Cienega Creek watershed to be in essentially an "undeveloped" 

state. Based on the pump capacity average of 11 gpm per well, this amounts to an 

increase of 572 gpm, representing a growth of just 2%, an increase, but far below the 

projected population growth of 15% each year. 

The Montgomery report (Errol Montgomery and Associates, Inc., 1985) repre

sents the single largest recent groundwater hydrologic study available in the lower 

Cienega Creek basin. The study includes aquifer pumping tests conducted in 1984, 

including one conducted in section 35 of township 16 range 17. However, although 

the study concludes that "groundwater withdrawals from the alluvial deposits aquifer 

will not have a one-to-one influence on reduction of surface water flow at the Jungle 

site", it should not be relied on to predict impacts to the lower Cienega Creek 

riparian area from groundwater pumping from that site. Reasons for this include the 

following. First, the central purpose of the study was to determine water adequacy 

for a development project, not the impact of pumping on Cienega Creek. The reach 

of Cienega Creek, referred to as Cienega Wash by the report, nearest the Jungle well 

and associated monitoring wells, is an ephemeral reach, which was recorded as 

flowing during seven continuous measurements, made by Montgomery from July of 

1984 to December 1985. No indication was given by the report that any effort was 

made to determine the impact on the perennial reach which begins just downstream 
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from the Jungle site, within a half-mile, and which is directly in line with the 

groundwater gradient between the stream and Jungle site well. Finally, during the 

pumping of the Jungle well, precipitation caused Cienega Creek to flow. Within two 

hours, two monitoring wells located near the Jungle well showed a response to the 

surface flows, indicating a strong hydrologic connection between the surface water 

and groundwater when there is surface flow at that site; therefore, a strong potential 

for groundwater pumping to impact surface flows, which should be expected in the 

alluvial aquifer that has the highest transmissivities. 
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Generally, the current condition of the lower Cienega Creek riparian area is 

the result of several physical, legal, and institutional factors. The result has been the 

overall preservation of the riparian area and watershed in a relatively undeveloped 

state, with respect to surface water and groundwater development. However, the 

general growth and development of water use-looms as a threat to the riparian area. 

The growth of population and, therefore, groundwater use in the basin will probably 

be slow despite the projections, presumably placing the threat well into the future. 

However, it should be recognized that the base flow of the perennial reach of 

Cienega Creek which supports the riparian area is very small, and small reductions 

in the discharge of groundwater to the stream could begin to have detrimental effects 

on the riparian values. Further, a single large-capacity well located at a strategic site 

could have an immediate impact on the surface flow of the stream resulting in a 

change and eventual reduction or elimination of the riparian area, depending on the 

magnitude of the impact. 

The best riparian areas in the watershed, including the lower Cienega Creek 

riparian area, exist because of perennial streamflows. In other locations throughout 

the watershed where the streamflow is only ephemeral, riparian area vegetation is 

at a reduced level or nonexistent. In places where ephemeral streamflows occur and 

there is relatively shallow groundwater, the vegetation type is predominantly 

mesquite. Along perennial reaches, the vegetation becomes mixed but cottonwoods 
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and willows tend to dominate. Many species of fish, wildlife, and birds thrive on the 

lush riparian vegetation and the perennial streamflow. Reduction in the water levels 

within the riparian area will seriously threaten these riparian values. 

From a physical perspective, it appears that climatic variation and climate 

trends and entrenchment have helped shape streamflow and riparian conditions 

through the region, and Cienega Creek is no exception. If we assume that the 

watershed is in a relatively undeveloped condition with regard to water use, then the 

major contributing factors to the current general condition of the lower Cienega 

Creek riparian area are the climatic conditions and historic entrenchment. Present 

observations of the riparian area support a general conclusion that it's in very good 

condition, possibly as good as it can be under current climatic and hydrologic 

conditions. 

Consequently, long-term management efforts to improve the riparian area to 

some maximum (potential) level will have only marginal benefits. The majority of 

the efforts should focus on the protection of the riparian area from impacts due to 

on-site and off-site activities, including the long-term affects of increasing groundwa

ter use. 

Hydrologic data are fairly limited and of short duration. Much of the data 

tend to be a broken string of periodic data, and current data collection efforts are 

limited in scope. Only one surface water gaging site exists within the perennial reach 

of the stream, while two are stationed in ephemeral reaches. The only other effort 

to collect data on a periodic basis measures depth to water on a few wells on a 
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monthly basis; however, some wells have been dropped from the program and, as for 

surface water, only streamflow observations, not measurements. The largest 

hydrologic investigation conducted and reported in 1985 (Errol Montgomery and 

Associates, Inc., 1985) in the lower basin has been the primary source for hydrologic 

data for nearly every subsequent study, and no new and comparable field investiga

tions have been conducted. 

In addition, to my knowledge at present, no stream transects have been estab

lished or any other monitoring network to document and monitor vegetation 

conditions. However, during the course of writing this thesis, 1 became aware of 

three potential sources of information which may be valuable for future reference. 

Some photographs were taken by the UA's School of Renewable Natural Resources 

(RNR) over a three-year period but no follow-up has been made. As part of the 

State's efforts to document state-wide riparian areas, the UA RNS also has an aerial 

video of the entire length of Cienega Creek. The BLM also has a set of color 

infrared air photographs of the entire length of Cienega Creek. 

Policies that will tend to have a negative impact on the riparian area include 

current State of Arizona groundwater policies and Pima County zoning density 

policies. Because Cienega Creek watershed (upstream from the Del Lago Dam) is 

almost entirely outside the Tucson Active Management Area, and the status of the 

subflow issue forced the State of Arizona to revert to a policy for new wells ( outside 

of AMAs) based on a "direct and appreciable" effect, groundwater development has 

almost no limitations. Couple this with the potential for growth within the basin, 
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based on Pima County's zoning policy, and the continued long-term development of 

groundwater within the watershed could have a negative impact on the overall water 

budget, thereby reducing streamflow and shallow groundwater within the Cienega 

Creek riparian area. 

At present, growth within the lower basin is also limited by the existence of 

an extensive amount of State land. Although the BLM intends to acquire the land, 

the State is required to sell the land at public auction at times when the State 

decides to sell land. The auction process could result in more State land converting_ 

to private land, if BLM is outbid, thereby increasing the land base on which growth 

could continue. 

Surface water policies in general would allow water diversions; however, 

future water diversions are unlikely within the riparian area because of the Pima 

County Cienega Creek Natural Preserve (CNP). Furthermore, surface water policies 

have allowed two water allocations which will act to protect the riparian area. First, 

the Del Lago Dam at the downstream end of the riparian area has one of the earliest 

priority dates on the stream. Second, Pima County recently secured an instream flow 

water rights certificate from the State of Arizona. 

Other actions that tend to protect the riparian area include Pima County and 

BLM land acquisitions. The land acquisitions and the CNP may have also had a net 

positive economic effect by reducing flood damage, which in turn helped save money 

that Pima County may have otherwise have had to spend on flood damage 

compensation. 
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However, the two policies that may ultimately determine the fate of the lower 

Cienega Creek riparian area and all other riparian areas in the State of Arizona is 

the settlement of the subflow issue related to the Gila River adjudication and any 

future riparian protection legislation that results from the State's riparian protection 

legislative studies. 
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The following recommendations are not intended to be all-inclusive. They are 

intended as an attempt to highlight some of the policy and management areas that 

are perceived to be deficient or nonexistent. It is hoped that some of the recommen

dations will be at least considered by authorities in a position to influence decisions 

regarding the protection of the lower Cienega Creek riparian area. In any case, I 

hope that this study will help guide other students in future work. The order of the 

recommendations is intended to imply a general order of priority. 

(1) Ideally, the State of Arizona should continue to pursue the 

creation of riparian protection legislation. The legislation 

should contain changes to the current water policy that encour

ages the preservation of existing riparian areas which depend on 

natural-flowing perennial streams. Any change in water policy 

for this purpose will be confronted with resolution of the sub

flow issue pending before the water court in the Gila River 

adjudication. 

(2) Establish an interagency watershed management technical 

committee. Of all agencies, Pima County is in the best position 

to recommend the establishment of such a committee. In a 

cooperative manner, the technical committee could forward 

recommendations to the policy makers regarding resource 



management. Priorities such as the protection of riparian areas 

could be established by consensus, and the individual agency 

policies could support such policy recommendations. Such an 

effort could result in cooperative data collection and monitoring 

for the purpose of establishing baseline data that could be used 

by all participants. 

The key to this recommendation is the goal for the Cienega 

Creek riparian area established by Pima County, and the key to 

the goal is the level of priority that will be given to protection 

of the riparian area. As suggested in the conclusions section, 

the appropriate goal for the riparian area is to "maintain" the 

existing condition. From a water management standpoint, 

efforts to improve the riparian area would be marginal. 

However, ultimately, the goal for the riparian area will depend 

on the priority that Pima County places on its protection and 

the extent to which Pima County can influence water manage

ment decisions within the watershed. In the long-term, Pima 

County must balance the protection of the riparian area against 

continued growth within the watershed and subsequent ground

water development. The outcome of Pima County's decisions 

will determine the amount of money and effort that it will be 
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willing to dedicate toward fulfilling its goals for the riparian 

area. If the level of priority falls below an effort required to 

preserve the existing conditions, then a goal must be established 

based on some level of acceptable degradation. 

In any case, the goal established by Pima County must be met 

through its management efforts. Management decisions should 

ideally be based on resource data gathered over an extended 

period of time. Most of the remaining recommendations are 

aimed at data collection efforts. 

The overall objective of the data collection effort should be 

aimed at creating a long-term set of baseline information that 

can help detect changes over time. Decisions can be made 

from the data about the cause of changes, whether they be 

natural or human-induced. Subsequent management decisions 

can be made from this information which will aid in achieving 

a desired goal. 

(3) Adopt a standard definition for a riparian area against which 

monitoring guidelines and management policies can be mea

sured. 
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(4) Establish at least one staff gauge site within the instream flow 

perennial reach (see discussion in the legal and institutional 

section about the instream flow permit issued to Pima County 

by ADWR) that is operated by U.S. Geological Survey stan

dards. A staff gauge may be less expensive to operate than a 

continuous recording device, and it would help establish a 

baseline of data that does not exist within the instream flow 

reach. This recommendation could be combined with #6 

(below). 

(5) Re-establish use of the Jungle well as a monitoring well. This 

would establish an upstream monitoring site that could help 

signal possible changes to downstream reaches. In addition, the 

site could help in detecting effects from developments. 

(6) Establish at least two transects for monitoring purposes, one in 

line with the Cienega well and at one other site. At each site, 

monitor groundwater levels, surface water flows, water quality, 

and vegetation. 

(7) Establish photo points to aid in long-term monitoring and 

documentation of riparian area changes over time. 

(8) Determine bank-full discharge for reaches of the stream. This 

can be used to determine the frequency of discharge in excess 

of bank-full. These flows can contribute to riparian area 
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regeneration. Long-term downward trends in these flows may 

signal an impending change in riparian area vegetation. 

(9) Conduct aquifer pump tests specifically for the purpose of 

estimating potential impacts to the riparian area and its 

perennial flow. Such a study would also serve to provide new 

and independent data regarding hydrologic characteristics of the 

aquifer. 

(10) Conduct a water use assessment and monitor all future ground

water well development within the basin through the ADWR 

permitting process. Per capita water use could be easily 

estimated from the population figures, but actual per capita use 

should be determined in a basin water use study. 

(11) Collect data that can be used in the development or improve

ment of any groundwater flow model relative to the riparian 

area. Use the flow model to assess potential impacts of the 

growth of small-yield wells within the watershed near the 

npanan area. 

(12) Examine the long-range alternatives for land planning densities 

and the tradeoff s associated with increasing or decreasing them. 

If a high priority is placed on protecting the riparian area, this 

type of tradeoff s will eventually be necessary. 
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DEL LAG0#1 !DVDSON2 CIENEGA 

DATE OF DEPTH TO ;DATE OF DEPTH TO DATE OF DEPTH TO 
MEASURE SWL tMEASURE :SWL MEASURE :SWL 

7/20159 ! 78.23 1 12122/81 : 15.8i 1f7/821 15.14 

10127188 : 62.83 1 1213/87 : 20.72 1219/87 ~ 15.44 

811/89 ! 01 8/1/89 : 17.17: 811/89 1 15.58 

911189 ' 01 9f7/89 i 17.88: 9f7/89 ! 15.42 

1013189 66.49 i 10/4189 1 18.75 ' 10/4189 i 16.02 

11/6189 62.4 1 11/6/89 i 17.67: 11/6/891 13.n 

1216189 : 66.78 1 12/6/89: 18.25: 12/6189 ! 14.44 

113{9() 66.51 i 1/31901 18.36 • 1131901 14.51 

211190 65.41 211190 : 18.79 ' 211/90 ; 14.57 

311190 : 64.83 1 3/1190 : 18.83 311/90 i 14.25 

414190 · 64.26 : 414190 ' 19.96 i 414190 : 13.92 

513190 63.76 ! 513/90 : 21 : 513190 : 14.42 

6/4190 66.12 : 6/4/9() : 22.12 6/4/90 ! 15.69 

713190 67.04 1 713/90 i 22.62 713190 : 16.8 

7/11190 67.08 ! 7/11/90 17.86 7/11/90 i 14.87 

811190 61.4 : 8/1/90 i 13.63 8/1190 ! 13.78 

915190 62.06 i 9/5/90 i 11.96• 8128190 ! 15.12 

10/4190 64.58 . 10/4190 : 15.38 915190 ' 15.4 

11/1/90 65.67: 5/6191 . 13.17 10/41901 15.83 

12/1190 65.47 1 112192 18.74 11/1/90 15.69 

1/2191 65.11 : 7f7192 . 23.37 1211/90 t 15.72 

2f7191 64.22 : 1212192 : 22.55 · 1/2191 1 15.26 

317191 63.9 1 215193 ' 14.51 1/12/91 1 15.16 

412191 63.63 : 3/1193 14.97 2f7191 . 15.03 

516191 63.27 417193 16.81 317191 14.34 

613191 63.93 : 5/4193 ' 18.52 412191 14.8 

7/1191 64.39 : 6/4193 : 20.39 516191 1 14.28 

8/7191 70.62 7/6193 21 .7 613/91 : 15.1 

9/4191 73.28 : 8/2193 21 .74 7/1191 : 16.11 

1 OfT/91 73.37 ' 9/1/93 . 17.5 8f7191 . 16.21 

11/6191 73.31 10f7/93 18.68 9/4191 16.84 

1215/91 74.98 11/4193 24.91 10f7191 . 17.23 

112192 65.99 12f7/93 16.19 11/6/91 17.06 

2/4192 69.67 1/11194 13.2 1215/91 16.38 

3/6192 64.09 2/2/94 12.45 1/2192 15.92 

417192 61 .01 313/94 12.84 214192 15.75 

515192 63.4 · 416194 14.22 316192 ' 15.49 

612192 65.57 413192 . 14.74 

7f1192 . 74.72 . 515192 15.42 

816192 ' 71 .47 1 : 6/2192 ! 15.52 

913192 62.92 . 7f7192 . 17.59 

1012192 69.14 816192 15.39 

1112192 73.67 913/92 . 14.84 

1212192 74.26 ; 1012192 : 15.75 

115193 67.34 · 1112192 ' 15.56 

215193 57.7 ' 1212192 15.49 

3/1193 59.4 115/93 15.39 

417193 59.63 215/93 : 13.42 
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514193 ; 63.99 ! 311193 ! 13.26 

6/4193 i 69.96 , I 417193 ; 13.85 

7/6/93 1 74.52 : I 514193 . 13.85 I 

812193 : 60.58 1 614193 ! 14.67 

9/1/93 : 59.34 I 7/6193 : 16.77 

10ll/93 : I 812193 : 15.03 

11/4193 ! 68.75 9/1193 : 13.06 

12ll/93 i 71.9 . 
i 

10ll/93 . 14.54 I 

1/11/94i 74.92 . 11/4/93 i 14.15 

212/94 1 75.21 . i 12ll/93 : 13.49 

313/94 1 74.62 ' 1/11194 : 13.29 

4/6/94 , 73.9 '212194 : 13.26 

I 313194 , 13.06 

1 4/6/94 : 13.13 
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Jan Feb Mar Apr May Jun Jul .. 

1959 
1960 17.69 3.17 2.25 1.61 1.55 1.33 4.08 

- ··---·- - - .. ... ·- - ------ - ---
1961 2.40 1.44 1.60 1.51 1.37 1.01 8.40 

1962 5.15 1.73 1.70 1.31 1.25 1.10 3.43 

1963 1.00 1.04 1.00 0.87 1.00 0.91 9.14 
- . 

1964 1.52 1.98 1.36 1.75 1.32 1.18 21 .91 

1965 1.82 2.10 2.02 1.65 1.95 1.25 4.51 

1966 2.79 ""i 36.28 3.19 2.68 1.46 0.96 13.66 
----- ·· -- ---- ---··· --- ---- - -· · · ·- --- --

1967 2.68 3.59 2.56 2.03 1.54 1.80 49.58 
--- - - -- - - ··--· -- -- ------- -- - - . ·-·- ---- - . - - ------ - - - -- -

1968 3.25 3.56 6.67 3.31 1.45 1.75 18.60 
----- -- - ----- --- - - ------ - - - - - - -- ·- -- -·-- - - -- -- -- -- -- - ·-----

1969 2.58 2.79 2.74 2.21 0.96 0.53 3.23 
·---- --- ~-·--- - - · - ··--- 1--- -

1970 0.89 1.04 0.85 0.92 1.38 2.57 25.61 
·--- -- - - - ----- ·- ·-· -- -- ·- ·---· - --- ----- --- - - -- --- ··· -- - - ···-······ - · - - - ------ - - -- ---- -- -

1971 0.90 1.05 1.62 1.05 0.45 0.31 2.86 
- ---- -----. - ·------ ----------· -·---·- --- ·---- -- · 

1972 1.78 1.56 1.54 1.15 0.74 0.79 3.25 
. ------ - -- - ··- ---- - .. - -- --· - -· ---- -· - - - .. ·-- - -~ - - ------ . --- - - -·- ··- - ·· 

1973 1.48 ··--J- 14.16 18.19 5.16 1.78 0.44 2.38 
··--- - - - --- - - -- --- ·-·-·- ·· - - -- --- --·--- - . - - --···- - - -·- -- ·- ----- --- --

1974 0.10 0.10 0.12 0.32 0.19 0.07 21 .79 
·---·-· --- -- - - ·- · - ·· ...... __ ___ _ - -- -- - ·- . -·-· .. . - - .. -- - ·- -- . -

AVERAGE 3.07 5.04 3.16 1.84 1.23 1.07 12.83 

APPENDIX ·B-1 

Aug ~ep Oct 

23.10 2.97 6.50 
-- -- --- · ---

47.61 14.75 3.22 
3.45 9.08 1.33 

88.61 16.28 1.18 
15.29 104.97 1.36 

7.39 10.56 2.55 
38.73 10.53 0.42 

--- - - - .. . .. - . . -- --- ------ -·- ---
14.62 12.79 2.91 

- - ---- - - -- · - -- - - -- - - - -
15.14 1.59 6.67 

--·- - ·--- ----- - ---·---· 

4.15 2.90 1.14 -
19.29 5.18 0.66 

----- ----- - -- -------- - ··- ~ -- -----
92.61 10.96 0.97 

2.36 8.94 4.62 
·-·· ··-- ·- · -- - -··· -- - -- --- -- ---- -----

0.52 0.16 1.79 
---- ·- - -- -- ·- --- -- - -· -- - - . -· ·----- -- -- -

6.86 11.20 0.10 
. ------ ·· -- - - ·----- - . - --

25.32 14.86 2.36 

Nov 

1.11 
-··· · · ·- -- - -- -

1.34 
-

1.52 
1.21 
1.44 
2.34 
0.90 

--- - -· - - - · -
2.26 --- - -- - - --
2.97 
1.53 
1.06 

------ - -----
0.42 
2.29 

··- - - - - -·--
1.17 

~ -- - - - -

0.10 
- -· - - --

1.44 

Dec 

I 
1.40 

···- . --·-- ---
1.70 
2.09 
1.11 
1.42 
2.50 

50.26 
--- - --- - --
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