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ABSTRACT 

Educational tools to assist the public in recognizing decision impacts of water policy in a 

realistic context are not generally available. This project developed systems modeling

based educational decision support simulation tools to fill this void. The goal of this 

model is to teach people about the implications of water management alternatives so that 

they can make more knowledgeable decisions. 

The model is based in Powersim, a dynamic simulation software package capable of 

producing web-accessible, intuitive, graphic, user-friendly interfaces. Modules are 

included to represent residential, agricultural, industrial, and turf uses, as well as non

market values, water quality, reservoir, flow, and climate conditions. Supplementary 

materials emphasize important concepts and lead learners through the model. 

The model was used in a University of Arizona undergraduate class and within the 

Arizona Master Watershed Stewards Program. Evaluation results demonstrated 

improved understanding of concepts and system interactions, fulfilling the project's 

objectives. 
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1 INTRODUCTION 

"The competing demands of homeowners, developers, manufacturers, farmers, 

fishermen, environmentalists, and recreationalists mean that something has to give, and 

so far it's usually been the resource itself. Great rivers like the Rio Grande and the 

Klamath don't always make it to the sea anymore ... " - The Water Issue, Outside, p. 58 

Hot topic news items such as the "death" of a river or "bathtub rings" in popular 

reservoirs resonate with people; they are visible, tangible changes. However, other water 

resource changes and impacts such as depletion of groundwater due to over-pumping are 

less apparent but may be equally damaging. In particular, groundwater mining is 

occurring throughout the western U.S. and the world. The impact is long term and often 

unseen. Effects include land subsidence and earth fissures, higher pumping costs, poorer 

water quality, and deterioration of habitat dependent upon groundwater as its water 

source. It is difficult for the general public to understand the complexities in water 

resources decision making. The water system itself is complex, and the wide array of 

conflicting users makes it challenging to assess the value of water. To make better 

decisions, people must begin to understand the effects of conflicting uses, including their 

own, on the water resources. Education is needed to demonstrate that proper ecological 

functioning is dependent upon our actions. 



11 

This project is centered on developing and applying a decision support simulation (DSS) 

for water resource education and was based on a combination of perceived educational 

needs and the limited experience of decision support simulations in educational settings. 

It was grounded primarily on DSS abilities with input from educators to determine proper 

applications. 

Decision support simulations are based on systems modeling and incorporate all major 

processes within a system (see Literature Review, Chapter 2). They can demonstrate 

effects of seemingly isolated decisions on the entire system and may show surprising or 

unanticipated results of management options. DSS's have traditionally been used in 

management and operations and policy and decision-making (Simonovic and Bender 

1996). They have been recently pioneered in public settings to help build policy or build 

consensus for that policy (Stave 2002 and 2003, Simonovic and Bender 1996, Costanza 

and Ruth 1998). However, the use of modeling in strictly educational forms is limited. 

Water resource education tools are needed to translate science to the public, assist in 

creating public acceptance of policy, focus on outdoor water use, and target specific 

audiences. In addition, water resources education must be expanded from focusing on 

water conservation to encompassing the water resource system as a whole. A DSS can 

help fill this education gap by teaching comprehensive and inter-related concepts while 

keeping complicated modeling hidden. These models allow students to discover cause 

and effect relationships for themselves through experimentation (Stave 2002). They also 



12 

can demonstrate system interdependence (Shultz and Holbrook 1999) and are dynamic 

with respect to not only the system, but also the learning process (Costanza and Ruth 

1998). 

The goal of this thesis project (Goals and Objectives, Chapter 3) is to develop 'big 

picture' water-system educational tools that are useful to a wide and diverse audience of 

college students and the general public. The objectives are to provide to students an 

understanding of specific concepts related to hydrology and water resources 

management, options for conflict resolution, and implications of water management 

alternatives. Supplementary materials have been developed to assist in the teaching of 

the model. The model is based on a general water system with six supply options and 

four demand sectors (Model Description, Chapter 6). DSS elements that contain 

mathematical and logical operations are combined to create the system that represents 

large processes but also gets down to the level of individual crops and household fixtures. 

DSS user interfaces (Interfaces, Chapter 7) are constructed for each major section of the 

model. 

Because the model contains many pages of information and input options, supplementary 

materials (Chapter 8) were created to lead the learner through the model. These materials 

consist of introductory questions to teach hydrologic principles, a water management 

project to teach system-wide implications of management alternatives and options for 

conflict resolution, and case studies to elicit more nuanced issues such as climate 
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variability and supply options. This model and the supplementary materials were 

implemented in two semesters of an undergraduate class, HWR 203 Arizona Water 

Issues, and one Arizona Master Watershed Stewards class (Users, Chapter 4 and 

Evaluation Results, Chapter 9). An evaluation tool was created to gage effectiveness of 

the model through self-assessment, multiple choice knowledge assessment, 'big picture' 

Likert-type scales, and overall opinions. Data analysis indicates that all major goals of 

the project were met (Evaluation Results, Chapter 9). However, the model and its 

implementation do have limiting factors, which are discussed in the Model Description 

(Chapter 6) and Discussion (Chapter 10) sections. Overall, the model was successfully 

implemented and distribution will be expanded (Conclusion, Chapter 11 and Future 

Work, Chapter 12). 
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2 LITERATURE REVIEW 

Water management suffers from the the "Tragedy of the Commons" (Hardin 1968). 

Water providers have difficulty excluding people from the resource, and the more one 

person takes decreases what is available for the next person. Both of these characteristics 

define a commons, or common pool resource (Dietz et al 2002). Garrett Hardin's 

seminal article on the tragedy of the commons (Hardin 1968) demonstrated the principle 

that shared resources are difficult to protect because each person will continue to take 

more for fear of losing their fair share. Even if most people act in a conscientious 

manner, 'free-riders' will continue to deplete the resource. The tragedy of the commons, 

in combination with population growth, increases in demand, global change, and other 

regional problems, has led to water shortages becoming the status-quo throughout the 

world. 

However, water can be managed successfully to avoid this tragedy, as water is generally 

not an open-access resource - there is some control over who gets to use it. Water 

resource education can contribute greatly by modifying people's perceptions of shared 

benefits of management. Education can also encourage participation in conservation 

programs, demonstrate that others are participating, and allow for implementation and 

acceptance of successful water policy. In other words, pro-social behavior is encouraged, 

creating more socially relevant and effective outcomes, as people will not act completely 

in their own self-interest, and self-interest becomes more aligned with social interest. 
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In fact, water resource education and public outreach have become a key focus of public 

investment as water supplies run low and the cost of obtaining more water rights 

skyrockets. Even with the addition of CAP water supplies, water problems continue in 

Arizona cities. Water managers have been forced to look into demand management both 

by regulation and by projected supply limitations. Some evidence suggests that demand 

management can make available the same amount of water as a new supply could for less 

than 30% of the cost ("Water and megacities" 2003). 

More often than not, demand management programs involve technical retrofits or 

ordinances. The installation of low-flow toilets, showerheads, and faucets has become 

fairly ubiquitous in new buildings, and many cities have instituted large campaigns for 

the retrofit of older homes. Many of these programs have been very successful, 

producing measurable water savings (EPA 2002, Water CASA 2006). However, the 

Morrison Institute (1999) found that off-setting behavior may reduce the potential results 

gained from retrofits. They also noted a large discrepancy in the success ( or lack thereof) 

of various retrofit programs that is not readily explained (Morrison Institute 1999). 

Despite the relatively positive results from technological conservation programs, 

education and information campaigns also have played a large role in conservation efforts 

and will continue to do so. These programs can assist in making water users aware of the 

need to conserve water, they can inform people of alternative management alternatives, 
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they can help people see the 'big picture,' and they can increase public buy-in for both 

voluntary and mandatory water policy and conservation efforts. Education is also 

essential because the most eager volunteers for programs can then become educators 

themselves (Saunders 1998). This 'teach the teacher' phenomenon will ultimately 

increase the rate of development of understanding of water issues and participation in 

solutions. 

2.1 Educational Needs 

Experience from an array of educational programs from non-profits and utilities alike 

provides a few themes that should be central to water resource education and that are 

applicable to this project. They are explained in the subsequent sections. 

Translate science to the public 

Scientists produce a great amount ofresearch on issues related to water quality, quantity, 

and conservation. However, in its raw or journal-published form, much of this 

information is inaccessible or unusable to non-technical professionals and the general 

public. One of the primary functions of information and education is to make these data 

useful to those who need or could benefit from it (Cressel 1995). The knowledge of 

scientific experts must be brought into the public forum, as scientists generally do not 

make this transition themselves (Jordan 1998). 
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Some specific scientific information has been identified as being beneficial in water 

education programs. The Water Ambassador program in Tampa, Florida, suggests 

explaining the water cycle, how water is used, and the "interconnectedness of 

ecosystems" (Cripe-Hull et al 1996, p.83). The environment as a complex adaptive 

system, a dynamic and interconnected entity that operates in patterns, is a relatively new 

idea that has a large impact on the understanding of water systems (Lansing 2003). 

Likewise, the social sciences cannot be overlooked. They play a huge part in demand 

management efforts. These aspects could include demography, economics, social, 

environmental, governmental, and gender (Nijwening and Jarquin 2001). When 

translated, the science should be in a holistic, interconnected, 'big picture' form. 

Create public buy-in 

One of the primary reasons that utility companies and municipalities undertake public 

information campaigns is to obtain buy-in for their programs and policies. According to 

Wang et al, "The success of DSM [Demand-Side Management] will depend upon how 

water consumers respond to policy initiatives" (1999, p.1269). Education is used to 

explain the seriousness of the problem and impart the benefits of management 

alternatives. As McCay (2002) notes, "people must perceive that a problem is 

correctable before they will participate. If people believe conservation will make a 

difference, they will likely buy-in to the program or policy." 
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For example, making the public aware of the seriousness of a water shortage is a key to 

encouraging conservation behavior (Lahlou and Colyer n.d.). Where there is 

environmental uncertainty, people tend to overestimate the availability of the resource 

and use more of it (Kopelman et al 2002). The first information that must be imparted to 

people is that water is a finite resource, and that even when a drought is not at hand, 

water still cannot be used without restraint (Responsive Management 2003). People need 

to be shown the results of too much water use (NuStats 2002). Seeing the consequences 

of their actions could result in rule-following behavior or conservation actions (E. 

Schlager, personal communication). 

According to Gardener (1996) public buy-in follows the following order: awareness, 

interest, attitude, opinion, action. However, Ducrotoy states, " ... the public is not 

necessarily aware of the need for integrated management of which they should be an 

integral part" (2003, p.249, emphasis added). The Georgia Water Use it Wisely survey 

also found that people need to know how their efforts fit into statewide effort 

(Responsive Management 2003). In other words, it must be shown that the government 

is also doing their part in the situation. People need to see the big picture (Responsive 

Management 2003). 

One of the relatively new issues in conservation methods and public buy-in is creating 

public acceptance of reuse of wastewater for drinking (Boyd 2001 ). Many municipalities 

throughout the world, including Tucson (Tucson Water), are pursuing this option as 
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groundwater supplies run low. Andrade (1996) notes that reclaimed water is surrounded 

by misconceptions about quality and possible use. He proposes five areas of education; 

defining reclaimed water and discussing its high quality, advantages, environmental 

benefits, and safety aspects (Andrade 1996). 

Focus on outdoor water alternatives 

Since outdoor use is consumptive, outdoor water conservation has been a large emphasis 

area for many public utilities and other water education providers (Michel et al 2005). 

Both Phoenix and Las Vegas identify outdoor water use as the main focus of drought 

response and conservation programs (Babcock 2005, Eckberg 2005). The Southern 

Nevada Water Authority notes that 70% of water in a Southern Nevada home is used for 

landscaping, with one-third of that wasted (Eckberg 2005), and the Authority quantified 

individual owner water savings of nearly 30% after converting turf to xeriscape 

(Sovocool and Morgan 2005). The Authority actually pays people one dollar per square 

foot to remove turf (Sovocool and Morgan 2005). Denver, the birthplace of xeriscape, 

has "a long history of xeriscape education including design clinics, participation at home 

shows, speeches, and so forth" (D. Allen, personal communication). However, a survey 

about 10 years ago discovered that only 66% of consumers were aware of xeriscape and 

only 34% had taken action (Gardener 1996). 

Gary Woodard, a researcher at the University of Arizona, has found that as the number of 

people per household declines, per capita indoor water use decreases while per capita 
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outdoor use increases (2005). The increased use of outdoor water is especially troubling 

because it has a high evaporation rate and does not provide much recharge. Indoor water, 

in contrast, can be used again in cities with recharge systems or can contribute to 

recharge of ground or surface water bodies. Tucson Water notes that in a closed system, 

decreases in indoor water use have no impact on the water balance (internal report). 

However, they also find that outdoor water use is entangled with quality of life issues, 

thus making it somewhat harder to address. 

In fact, Tucson Water's original consumer survey in 1976 showed an exceptionally 

strong resistance to getting rid of lawns and other water-rich plantings (MR West 

Marketing Research Inc.). Nevertheless, the utility now identifies the large presence of 

Xeriscape and turf reduction within the cities as evidence that water conservation 

education has been successful (Tucson Water). Tucson's residents have also been led by 

example, as ordinances and state regulations required all streets be landscaped with desert 

or low water use plants (Kuranz 1996). 

Target material to specific audiences 

The components listed above are crucial to the success of water education programs. 

However, in order to achieve the highest success possible, programs should be targeted to 

specific audiences. As Cressel says, "Everyone doesn't need to know everything" (1995, 

p.356). She mentions nontraditional audiences and traditional farmers and ranchers as 

potential and important targets for translated scientific information (Cressel 1995). This 



21 

may help build upon the local, traditional knowledge base. Ducrotoy also suggests 

"reaching out to communities outside of the educational system" (2003, p.5). 

Based on results of a study of conservation programs in Metropolitan Phoenix, the 

Morrison Institute (1999) finds that young adults use the most water and that there is a 

need for information in Spanish. A study by Tucson Water found that water conservation 

is less important to men, people who have lived in Tucson for less than five years, 

younger people, and those who use the least amount of water (Decision Support, Inc. 

1999). Researchers at Arizona State University noted that water education providers 

currently tend to focus on teachers and K-12 students rather than the adult public and 

especially college students (Michel et al 2005). These population sectors can be 

important target groups. 

The list of potential targets is practically limitless. However, the essential point is that 

the information imparted should be carefully matched to the audience. We need to 

evaluate what kind of information will make the most difference to whom and to plan 

education and information campaigns accordingly. Otherwise, no matter how many key 

components are included, resources will be wasted and the ultimate benefits will not be 

achieved. 

Translating science as an interconnected system, creating public buy-in for policies 

beyond conservation, addressing the impact of outdoor water alternatives on the whole 
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system, and targeting material to the general public and college students as opposed to 

the traditional emphasis on children require a new approach to water education. System 

dynamics modeling and decision support simulations can be a part of that new direction. 

Decision support simulations originated partly from the experience of consultants in the 

water management field. Integrated resource planning created the need for modeling 

tools, based mostly in traditional programming languages, with interfaces designed to 

help water managers analyze decisions and calculate effects regarding supply and 

demand options (Fiske and Dong 1995 and Fiske and Sirois 1998). Recent work by 

consultants and organizations has made Excel-based models available to help evaluate 

cost-effectiveness of potential strategies (Maddaus and Maddaus 2004, CUWCC, etc.). 

This work was a big step in long-range water resource planning, but it does not contain 

the tools needed to educate the public. In order to provide the public with a way to 

understand decisions and basic hydrologic principles in a more visual way, systems 

modeling and decision support tools were adapted for educational purposes. 

2.2 Modeling in Education 

The tragedy of the commons occurs as a result of defecting behavior, or behavior that 

does not benefit the common good (Shultz and Holbrook 1999). Misunderstandings of 

the water resource system and aridity can lead to apathy and large water usage (Morris et 

al 1997). People often fail to realize that what they do actually contributes to a problem 

(DeLorme et al 2003). However, according to Shultz and Holbrook (1999), new 
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technology can facilitate communication that allows "each of us to understand the 

systemic repercussions of defecting behavior" (p. 224). System dynamics modeling is 

such a technology; it "helps people see connections between their actions and system 

effects" (Stave 2002, p. 144). In addition, "It can help sort out things that are 

predetermined from those that can be chosen. System dynamics can promote public 

participation by showing that our choices can affect the direction the future takes" (Stave 

2002, p. 165). 

Dynamic modeling can help create public buy-in, as discussed previously. Shultz and 

Holbrook (1999) state, "In the commons, unilateral exercise of personal restraint in the 

interest of collective welfare appears futile unless one member trusts that others will 

behave similarly" (p. 223). Once people have seen the systemic effects of their actions 

demonstrated and are contemplating taking action, they want to know that others will 

take action as well. Systems modeling can show multiple sectors of a region, 

demonstrating policy options for all users. This increases the notion that no one sector is 

at fault, and that both blame and opportunities for action are available across the 

spectrum. 

These opportunities for action are based on " ... leverage points within the system that can 

be influenced by decision-makers, rather than on external causes ... " (Stave 2002, p.144). 

Systems modeling enables the trial of policy options without having to accept the 

consequences (Shultz and Holbrook 1999), as well as quick feedback from these options 
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(Stave 2002). Stave (2002) states, "For learning, models offer virtual worlds that allow 

people to discover for themselves how complex systems work through experimentation" 

(p. 144). Note Costanza and Ruth (1998), "Thus, the modeling approach is not only 

dynamic with respect to the behavior of the system itself but also with respect to the 

learning process that is initiated among decision makers as they observe the system's 

dynamics unfold" (p. 186). Systems dynamic modeling also provides the ability to elicit 

surprising behavior (Stave 2002, p. 159), which often helps people overcome their 

previous assumptions. 

The use of system dynamics modeling has been explored in management issues, as well 

as for use with policy makers (Simonovic and Bender 1996). It has recently been 
·, 

pioneered in public settings to help build policy or build consensus for that policy (Stave 

2002, 2003, Simonovic and Bender 1996, Costanza and Ruth 1998). However, the use of 

modeling in strictly educational forms is limited. While systems modeling for public 

education is addressed mostly towards resource managers needing input or buy-in from 

specific stakeholders, Stave (2002) states that, "Even when used simply to raise public 

awareness, system dynamics can help the public better understand the logic underlying 

decisions and see how one strategy is better than another" (p. 163). Costanza and Ruth 

(1998) add, "Model building is an essential prerequisite for comprehension and for 

choosing among alternative actions" (p. 183). 
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Stave (2002) asserts that, "When simulation models are built, they can provide an 

internally consistent tool for comparing the effects of alternative policy options" (p. 143). 

One of the keys to communicating this to the audience is to "reduce the complexity of the 

system but still explain the key elements that govern the system's response to policy 

interventions" (Stave 2003, p. 311 ). The interfaces to a simulation model are the 

cornerstone for public education. According to Simonovic and Bender (1996), the 

interface has "great impact on a user's ability to assimilate information from the DSS 

( decision support system), or even to understand the options available" (p. 241 ). Stave 

(2003) has many suggestions for model facilitation based on her experience in public 

participation modeling. 

In the end, systems modeling in public education can help lead resource management 

policies from ineffective and unaccepted to effective and accepted. Shultz and Holbrook 

(1999) state, "The effect of altruism and commons-friendly behavior is as much a 

function of systemic interdependence as of social interdependence" (p. 222). In this case, 

systems modeling shows people the systemic interdependence while allowing them a 

level of comprehension high enough to effect social interdependence through 

participation in policy design, personal and community habits and resource management, 

and increased buy-in to the system. Costanza and Ruth (1998) note, "Our ability to 

anticipate [system] dynamics on the basis of available data and knowledge and to develop 

consensus about those dynamics is an essential prerequisite for the successful 

management of complex ecological-economic systems" (p. 193). 
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The characteristics of systems dynamic modeling lend it toward public education and 

outreach. The use of these models and decision support simulations in a strict learning 

environment is an exciting avenue to pursue. In this way, people can be educated not 

only about how to reduce water consumption in their home, but also about environmental 

system dynamics. 

2.3 Conclusions 

Translating science as an interconnected system, creating public buy-in for policies 

beyond conservation, addressing the impact of outdoor water alternatives on the whole 

system, and targeting material to the general public as opposed to the traditional emphasis 

on children will be the focus of this project. Dynamic simulation and decision support 

modeling will be applied for the sole purpose of educating adults about water resources in 

a holistic, 'big picture' format that addresses these educational needs. 
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3 GOALS AND OBJECTIVES 

The goal of this thesis project is to develop 'big picture' water-system educational tools 

that are useful to a wide and diverse audience of college students and the general public. 

The alternatives included in the model represent decisions that have public input through 

elections or during implementation and acceptance ( conservation programs, use of 

effluent, etc.) as opposed to those made internally by an agency (pipe and canal 

infrastructure, reservoirs, etc.). The selection of alternatives is thus designed to teach the 

public how to process information related to water options and decisions in their semi-

arid location. The model and supplementary materials focus on specific water concepts 

and then integrate them into the water system. This approach helps the user understand 

implications of water management alternatives and options for conflict resolution. The 

following are specific model goals and objectives and the means to measure success: 

Goal One: To give students understanding of specific concepts related to hydrology and 
water resources management including: 

o reclaimed water 
o consumptive use 
o water demand by sector 
o safe yield 
o surface and groundwater interactions 
o effects of population growth 
o climate variability 
o conservation alternatives 
o environmental effects 

• By completing preparatory exercises and discussion 
o Measure: correct answers to preparatory exercises 
o Measure: evaluation topic understanding (self-rating) 
o Measure: correct answers to multiple-choice evaluation questions 



Goal Two: To give students understanding of options for conflict resolution 
• By engaging in role-playing water management exercise 

o Measure: balanced water budget in exercise with all parties content 
o Measure: evaluation statement agreement 

Goal Three: To teach students the system-wide implications of water management and 
policy alternatives 
• By completing preparatory exercises 

o Measure: correct answers on the preparatory exercises 
• By completing water management exercise 

o Measure: balanced water budget in water management exercise 
• By class discussion 

o Measure: evaluation results and comments 

Goal Four: To provide supplementary materials to assist in the teaching of the model. 
o Measure: material use in HWR 203 
o Measure: material development for MWS 
o Measure: links to material on the internet 

Goal Five: To provide a user-friendly educational tool that can be taught in both 
university classrooms and public outreach settings. 
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o Measure: class evaluation user-friendliness of model and comment section 
o Measure: implementation in MWS 

Goal Six: To provide an educational model that is accessible to a wide and diverse 
audience through the internet. 

• By hosting the model on the SARRA server 
o Measure: web hits 

• By attending conferences to introduce the model to potential users 
o Measure: conference response 

• By introducing the model to MWS community leaders 
o Measure: class participation 

• By providing the model to other interested parties such as the Sierra Club and 
ASU Geology course 

o Measure: number of requests for model 



29 

4 USERS 

This model was designed in conjunction with two user groups, a University of Arizona 

general education undergraduate class, Hydrology and Water Resources (HWR) 203, 

Arizona Water Issues, and the Arizona Master Watershed Stewards Program (MWS). As 

the model is targeted toward both university classes and the general public, we felt that 

these two groups would be representative and that by meeting the needs of these two 

groups, we could develop a model that would be useful across the semi-arid regions of 

the United States. 

4.1 HWR 203: Arizona Water Issues 

This class is part of the educational outreach program for the National Science 

Foundation (NSF) Science and Technology Center (STC) for Sustainability of Semi-arid 

Hydrology and Riparian Areas (SARRA) at the University of Arizona. The course 

description is: 

Students will research and discuss a wide range of topics related to the use and misuse of 
water throughout the southwest U.S. Some of the fundamental ideas for studying water 
will be used to examine questions ranging from water supply, to water quality, to water 
conservation. The course will have a very practical orientation, with material designed 
not only to introduce the student to basic hydrologic principles but to help understand and 
deal with water-related issues after graduation. (HWR 203 website) 

When first developing ideas for what the model should look like and identifying potential 

outlets for the model, Dr. Jim Washbume, the course instructor, expressed great 

enthusiasm for a model that would serve as a capstone educational tool. His interest 
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provided an opportunity for us to develop a preliminary version of the model that was 

tested in his Spring 2005 class. This class served as a basis for selecting items to teach 

that would be most beneficial to the students, as well as providing a measure for the level 

of understanding and complexity to be offered. The initial supplementary materials were 

also developed for this class. 

The original objectives for the model in HWR 203 were: 

• To demonstrate the 'big picture' of water issues, particularly in Arizona. 
• To demonstrate specific concepts, including: 

• Consumptive use 
• Surface water - ground water interactions 
• Safe yield 
• Conservation alternatives 
• Reclaimed water 

• To demonstrate the impacts of population growth on water demand and the need 
to seek new supplies. 

• To demonstrate and differentiate water use by sector. 
• To demonstrate the effects of water policy including the 1980AZ GWMA. 
• To consider water issues from various viewpoints. 

The evaluation results from this initial model implementation in HWR 203 serve as the 

initial indicators for model success. The initial model was refined based on these results 

and was implemented in the Fall 2005 course. Additional objectives for the updated 

version of the model are: 

• 
• 
• 
• 
• 

To provide internet accessibility to allow homework to be assigned 
To provide the ability for user customization of a specific area 
To provide enhanced variables and controls 
To employ more specific terminology 
To give more background explanation at a slower pace 

The model and supplementary materials, as discussed later, have been revised to meet 

these objectives. 
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4.2 Arizona Master Watershed Stewards 

MWS came on board later in the process of model development. After beginning model 

programming, we explored options for public outreach outlets and were directed towards 

MWS. MWS is a program supported by the University of Arizona Cooperative 

Extension. A brief description follows: 

The mission of the Master Watershed Steward program is to educate and train citizens 
across the state of Arizona to serve as volunteers in the protection, restoration, 
monitoring, and conservation of their water and watershed. As a Master Watershed 
Steward you can help to improve the health of your watershed. Our informative, 
research-based training will give you the knowledge to make better, more informed 
decisions related to your own land, community and watershed. Many of these practices 
can help not only the health of the watershed but also help you and your community to 
save money and reduce waste. You can be an information source for your family, friends, 
neighbors and communities (MWS website). 

In addition, MWS reaches 120 community-level educators (representing six hydrologic 

regions) per year. As MWS is a teach-the-teacher program, it provides an excellent 

opportunity to reach a diverse population in both urban and rural areas throughout the 

state. MWS objectives for the model are as follows: 

• 
• 
• 
• 

To demonstrate the effects of climate variability and drought on water resources . 
To demonstrate the impacts of population growth on water demand . 
To demonstrate and differentiate water use by sector . 
To consider water issues from various viewpoints . 

The revisions from the initial implementation of the model in HWR 203 along with 

enhancements for the MWS program, led to the updated model that was test run in the 

Fall 2005 Tucson MWS class. After refinement of class activities and supplemental 

materials, the model will be extended to the full MWS program throughout the state. 
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4.3 Other 

As the model has been developed to suit both university classrooms and public outreach 

efforts, it should be relevant and useful to additional users who did not have development 

input. The Sierra Club Grand Canyon Chapter Water Committee, The Community 

Watershed Alliance in Benson, Arizona, a Hydrogeology class at Arizona State 

University, and an English Language Leamer program for parents at a local school have 

all taken steps toward implementing the model. 



33 

5 MODEL EVOLUTION 

This model originated as a project within the Simulated Basin Model for Water Resource 

Planning and Education, a project housed in the University of Arizona Department of 

Civil Engineering and Engineering Mechanics, with Kevin Lansey as the Lead PI. This 

project was funded by the University of Arizona Water Sustainability Program beginning 

July 2003, with this education component designed for implementation in year two. 

Beginning in September 2004, meetings were held with a variety of faculty members to 

address potential educational objectives as well as implementation strategies. The goal 

was to receive advice from people who actually taught about water issues in the 

classroom as well as experts in the field. 

The results of these meetings called for a three-pronged approach featuring the basic 

components of a natural water cycle, a regional supply water balance, and water quality. 

In addition, distribution of the model was to be tailored for K-12, University, and the 

general public. In the planning stages of the umbrella project, it had been hoped that the 

preliminary implementation of the model would be in an undergraduate general education 

natural science course taught by a member of the involved faculty. However, teaching 

shortages postponed this class, so an alternate venue was needed in which to help develop 

and use the model. Without losing time, the project became involved in another 

member's undergraduate class, HWR 203, Arizona Water Issues. The result of this 

change was that the model was developed in conjunction with the course instructor, Dr. 
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James Washbume, in order to address the needs of his class as well as to provide us with 

an initial outlet for the model. 

Based on the class goals and objectives, the preliminary ideas for the model were altered. 

It became strongly focused on the second component, regional supply water balance, with 

only subsidiary regard for the natural water cycle and water quality. When seeking other 

outlets for distribution of the model in the public, we identified goals that were similar to 

HWR 203, and thus decided that the regional supply issue was indeed the best direction 

in which to take the model. 

The software for the model is Powersim, a dynamic simulation software capable of 

producing intuitive graphical and numerical results. This software has been used in the 

Department of Hydrology for several years, making it an obvious choice for this project 

as well. After background research and experimentation with the software, actual model 

development began in January 2005. Paper flow charts with applicable educational 

objectives were laid out, altered, confirmed, and transferred to Powersim. The structural 

residential model was adapted from a previous research group modeling effort, and I 

created the remainder of the submodels. Extensive Pima and Pinal county agricultural 

data provided by Dr. Paul Wilson (Department of Agriculture and Resource Economics) 

translated into the first model-specific module. Dr. Steve Stewart (SAHRA) also 

provided regional data for the environmental economics module. Other data for industry, 

turf, further residential uses, and aquifer and streamflow processes was obtained from 
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regional sources such as Tucson Water, Arizona Department of Water Resources -

Tucson Active Management Area, Salt River Project, and the United States Geological 

Survey. The model was constructed by working upwards from the available data and 

known sequences or equations of system operations. Each demand sector was 

constructed as an individual module, and the modules were linked to the supply system 

which distributes water to meet demand based on logic commands. After the first round 

of programming was complete, options for user controls were prepared and selected. The 

user interfaces were then created. 

After the preliminary version of the model was complete, supplementary materials were 

developed to aid in classroom instruction regarding the model. The first classroom 

exercise was then used to test the model with a group of HWR 203 students. In exchange 

for an undisclosed amount of extra credit points, nine HWR 203 students volunteered to 

try the first model assignment. They donated from Yi hour to 1 Yi hours of their time 

without complaint and only leaving when done or when necessary. The first eight 

worked in groups of two, although many students worked alone at least part of the time. 

Each person was given about a one minute introduction to Powersim and the assignment 

and encouraged to ask questions whenever something was unclear. In addition, while the 

first group worked, I listened to their comments and questions to each other and made 

notes and adjustments to the assignment sheet as they went. This was perhaps the most 

valuable part of the exercise. Other specific questions and comments directed toward me 
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were also noted, with either a clarification or an addition of subject material that needed 

to be defined or reviewed (i.e. losing/gaining streams and consumptive use). After the 

students were finished, I looked over the answers to the assignments to find places where 

meaning had been misinterpreted. 

Many of the students expressed gratefulness for an activity that was hands-on and not just 

lecture material. They said it was a good break from normal class activities. One of the 

students was particularly interested in how the model was created, and how I got into 

such a thing. Another said it would be interesting to see how I would change things 

before they saw it again. Even when I mentioned to a few that they would basically be 

doing this again in class the next week, they said they would not mind at all. I felt the 

response to the model was overwhelmingly positive. Only one did not seem very happy 

with it, but she also noted that it was very confusing. She worked by herself most of the 

time, and would probably have benefited from the introduction that will be in class, as 

well as more assistance. She did not ask any questions while doing the model, but when I 

looked at the answers they were mostly correct. 

This exercise was extremely helpful to me, both in finding parts of the assignment and 

the model that needed to be improved, as well as gauging the time necessary to complete 

the assignment and getting a feel for students' reactions to the model. 
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Following this test run, the model underwent minor adjustments, and the assignment 

sheet was revised for explicit terminology and instructions. The model was then 

implemented in HWR 203 beginning April 14, 2005. Three class periods totaling 3 hours 

45 minutes were dedicated toward the model. The first class period consisted of a pretest 

and an introduction to DSS, Powersim, and the model, followed by the beginning of the 

preparatory exercise. The second period involved the completion of the preparatory 

exercise, a brief discussion period, and an overview of the final project for the following 

class. The final class consisted of a review of the final project, an example plan for it, the 

completion of the project, a brief discussion period, and a post-test. 

After the preparatory exercises were completed, I reviewed them and made corrections, 

and noted for myself the areas in which there were most mistakes. I clarified these 

deficiencies the following lecture period. I also reviewed and kept the final plans for 

analysis of comprehension of the model. The pre- and post-tests were analyzed to 

determine effectiveness of the model and the need for future improvements. 

The existing model and supplementary materials were refined in the summer of 2005 

based on evaluation results and classroom observations. In addition, new components 

were added to the model which had been omitted previously due to time constraints or 

were suggested after the initial use. As the model was being implemented in HWR 203, 

we developed contacts with the Arizona Master Watershed Steward (MWS). Based on 



38 

their goals, further components to the model were also added, specifically with regard to 

climate scenarios. 

The revised model was implemented in Fall 2005 HWR 203, Arizona Water Issues, and 

the Fall 2005 Arizona MWS Pima County class. The model also became CD

distributable and was offered to other user groups. 



39 

6 MODEL DESCRIPTION 

This model simulates a generic semi-arid region with various water supplies and demand 

sectors (Figure 6.1 ). It does not accurately replicate any specific water system, nor is it 

intended to. As this model is designed solely for education, the complexity of the 

modules is limited to the components necessary for user comprehension, as will be 

discussed in each subsection. Water supplies are an uncontrolled river, a groundwater 

aquifer, a reservoir, imported water, tribal water rights, and treated effluent for potable 

uses (Figure 6.2). Each of these supplies enters the regional water supply. Treated 

effluent for non-potable use is also a supply but because not all demand sectors can use it, 

it goes directly into demand sectors instead of the central supply and will be discussed 

more thoroughly later. 

\ 
\ 

\ 
\ 

\ 

Figure 6.1 Overall Water System 

AREA 
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8 

Figure 6.2 Water Supplies 

This simplified lumped representation does not directly connect supplies with users and 

does not include private wells and septic systems; it is a simplification of a true system. 

However, a more detailed representation is not necessary for the educational model as it 

would introduce extraneous variables that are not applicable to the primary results. This 

combined central supply provides flow to four demand sectors; residential, agriculture, 

industrial, and non-residential turf (Figure 6.3). Commercial water demands are lumped 

into the limited industrial sector of this model. Environmental use is not considered a 

separate demand sector; rather the user must decide how much water to save for the 

environment based on their management decisions, and a built-in instream flow 

requirement prevents total use of natural supplies. This approach was taken to replicate 

many municipal water departments that may attempt to meet human demand first, 

considering environmental impacts secondarily or at the behest of the public. Although 

environmental demand is increasingly being taken directly into account, it does not yet 

seem to he the primary method of management. 
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Figure 6.3 Demand Sectors 

Each demand sector has unique paths to return flow to the system or to the atmosphere, 

including recharge, return to wastewater treatment plant (WWTP), and consumptive use 

(i.e. evaporation, plant growth) (Figure 6.4). 

·------ ----... 

Figure 6.4 Demand Returns 

Pool/Irrigation 
Evaporation 

Some of these discharges return to the supply system; creating a positive feedback 

(Figure 6.5). Non-potable reuse of effluent is modeled as separate from the central water 

supply because it can only be used for specific purposes. 
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88 
Figure 6.5 System Return Flows 

This model has a one year timestep and integrates data over the twenty-five year 

simulation. In the equations throughout this chapter, the yearly integration is noted as 

dt*variable. (Note that the equation numbers in this chapter are not the same as those in 

Appendix A, as only a selection are presented.) The model also contains several default 

values which can be changed on user interfaces. Any variable which can be changed by 

the user will be written in italics. The following sections provide details on the water 

supplies and the demand sectors including wastewater treatment and the intermediary 

flow paths. 

6.1 Supply 

In this model, a priority use order is defined based on the characteristics of the supply 

sources (availability and storage capability) and the overarching goal to meet safe yield; 

it is not based on water law or legal rights, as these are very location specific and often 
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change through time. For simplification, it is assumed that the supplies in the model are 

legal and available to the region. This priority basis system (Table 6.1) precedes the 

discussion of each individual supply, as the usage of each source is dependent upon these 

supply rules. 

The priority sequence in Table 6.1 lists usage if all supplies are available. Tribal and 

imported water purchases are not made unless the system is stressed. Similarly, after 

reclaimed water facilities are simulated, water produced by the plants will be used at a 

high priority. Surface streamflows have the next priority as they cannot be stored in the 

channel. 

Table 6.1 Supply Order 

Priority Supply 

1 Tribal Water, if purchased 

2 Imported Water 

3 Reclaimed Potable Water 

4 Streamflow 

5 Reservoir Diversions 

6 Groundwater 

Thus, tribal water, if purchased, has first-use priority because it is a 'use it or lose it' 

purchase; it is paid for in advance of use. Tribal water would not be purchased unless 

absolutely necessary to meet demand. Imported water has second priority, at whatever 

amount is selected. Any imported water not needed to meet demand will be recharged to 

the aquifer. Reclaimed water for potable use is third. This option would only be selected 

to offset ground and surface water supplies, so if chosen it should be used to limit tapping 
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those supplies. The amount available according to wastewater treatment plant rules, or 

the amount needed to satisfy demand, whichever is less, will be used. 

Streamflow is fourth, again in a use it or lose it situation. The percentage of allowable 

streamflow, or defined volume necessary, whichever is less, will be taken for use. 

Reservoir diversions have fifth priority if a reservoir is selected for use in the simulation. 

The amount required to satisfy demand, or the maximum allowable withdrawal, 

whichever is less, will be used. Finally groundwater will be pumped. Surface supplies 

are listed before groundwater to limit evaporation and the potential impacts of 

groundwater overdraft. 

A detailed discussion of each supply source follows. For complete model equations and 

model parameter values, see Appendix A. 

Supplementary external supplies 

The first three supplies listed in Table 6.1 are water that does not enter the basin as 

precipitation within the watershed and are termed external supplies. As these supplies are 

not natural, they are very costly and should be used first if obtained. Tribal water is a 

unique supply. If the region cannot meet demand with initial supplies, or if the aquifer is 

being overdrafted, the region may choose to purchase and import tribal water in a specific 

quantity (Tribal Water to Purchase) and at a specific cost (Purchase Rate). This supply 

must be purchased with foresight, typically is the most expensive, generally cannot be 
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purchased at the last minute to cover a supply deficit, and cannot be stored. Owing to all 

of these factors, if tribal water is purchased it will be used first. Clearly, however, the 

system must be very stressed to purchase this water. 

Imported water is also available to the region as an interbasin transfer or reallocation 

within the basin such as Central Arizona Project water in Arizona or Central Valley 

Project water in California. Within the model, a specific water volume must be selected 

for purchase (Imported Water Control and/or Direct Input). If this volume is not needed 

to meet demand after full use of any purchased tribal water, the remainder will be banked 

by recharging it to the aquifer. The generic imported water is assumed to have high TDS 

( total dissolved solids), and a cost will accrue for additional treatment of this water at the 

user's request (Import Treatment Control). To convey the water to the basin, imported 

water will incur a supply expansion cost. 

The remaining artificial supply option is direct potable use of treated effluent. If this 

option is selected within the wastewater treatment operations (Reclaim for Potable Use 

Control), this designated supply will go directly into the 'water supply' for the region. 

The maximum quantity is based on the WWTP rules, discussed later, and quantities up to 

this maximum, as needed, may enter supply. (Treated effluent that is recharged to the 

aquifer for indirect potable use is considered part of the groundwater supply.) 
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Natural supplies 

Streamflow occurs as a result of upstream precipitation and baseflow. A set of 

simulation-period annual flow sequences is available based on historical data from the 

USGS. Ten options are available (Flow Switch), which include a large or small river 

with wet, dry, or 'average' sequences, a user defined flow sequence, or a user defined 

average flow (User Average) that can be adjusted to a wet, dry, or 'average' sequence 

(Flow Switch). 

Streamflow is hydrologically connected to the aquifer. The modeled relationship 

simplifies the true hydraulics but represents its general tendencies. Because historical 

flow sequences are used to simulate streamflow, it is assumed that a portion of this is 

groundwater inflow (gaining reach). When the aquifer drops below a specified volume, 

the stream no longer receives the portion of its baseflow due to groundwater (losing 

reach), but it does not technically lose water to the aquifer. Although this model of 

surface water - groundwater connectivity is very elementary, the desired result is to show 

that when groundwater is overpumped, connected streams will have less water, and with 

certain demand scenarios this is easily demonstrated through graphs. 

The region may divert a percentage of streamflow above the instream flow requirement 

(Percent Capture Allowable). This amount enters the water supply as follows: 



1. Flow Capture (afy) = whichever is less 

a. = [Streamflow ( cfs) * [ 1- Loss Rate (%)] - lnstream Flow Requirement 

(cfs)] * Percent Capture Allowable(%) 

b. = Total Demand (afy) - Direct Treatment Effluent (afy)- Import (afy) -

Tribal (afy) 

where Loss Rate represents the portion of base flow due to groundwater inflow that 

becomes unavailable when the aquifer drops too low. 

Multiple units for the descriptive variables that are used within Powersim are shown in 

the above equations. A Powersim feature is to internally convert between units with 

consistent dimensions ( acre-ft/year and cubic feet per second are both volumes (length 

cubed) per time). 
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In addition to the free-flowing river, the user may choose to include a reservoir in the 

simulation. The reservoir ( on a second river) receives inflows that are completely 

correlated and proportional to the free-flowing stream sequences or climate scenarios. 

Given an initial reservoir volume, the reservoir mass balance is: 

2. Reservoir ( at) = Initial Volume ( at) + dt* Flow into Reservoir ( cfs) - dt* Flow at 

Dam (cfs) - dt* Diversion Rate - dt* Evaporation+ dt* Precipitation 
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Precipitation and evaporation losses are based on AZMET data and the reservoir's 

surface area. Surface area and elevation are based on approximated equations of 

tabulated relationships to reservoir volume based on SRP data for Stewart Mountain 

Reservoir. A minimum elevation for diversions and a maximum dam height are 

externally defined also based on the relationships from SRP, and an arbitrary downstream 

release requirement also must be satisfied. These constraints limit the maximum and 

minimum withdrawals by: 

3. Max Withdrawal (afy) = [Flow into Reservoir (cfs)- Minimum Flow (cfs)

Evaporation (afy) + Precipitation (afy) + [Reservoir (af) - Reservoir Min (af) ]] I 

Timestep 

4. Min Withdrawal (afy) = [Flow into Reservoir (cfs) + Precipitation (afy) -

Evaporation (afy) - [Reservoir Max (af) - Reservoir (af)] I Timestep 

where reservoir is the actual reservoir storage, and Reservoir Max and Reservoir Min are 

the minimum and maximum storage volumes, respectively. The region may divert water 

from the reservoir between the maximum and minimum levels, as needed, after the 

release requirement is satisfied: 
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5. Reservoir Diversion (afy) = If [[Total Demand (afy) - Tribal (afy) - Import (afy) 

- Direct Treatment Effluent (afy) - Flow Capture (afy)] > Max Withdrawal (afy), 

Max Withdrawal (afy), Total Demand (afy) - Tribal (afy) - Import (afy) - Direct 

Treatment Effluent (afy) - Flow Capture (afy)] 

If the minimum withdrawal is not completely diverted for use, the remainder is released 

downstream and lost from the system: 

6. Flow at Dam (cfs) = If [Min Withdrawal (afy) > Diversion Rate (afy), Min 

Withdrawal (afy) - Diversion Rate (afy), Minimum Flow (cfs)] 

This reservoir model is also a simplification of reality, but with an annual timestep, it is 

hard to be more accurate, as reservoir operations are modified daily. Reservoir operation 

is not a learning goal for the model and is only included as a common water source, so 

the equations should be sufficient to show water availability. 

The final supply, to be used only as necessary, is groundwater. The groundwater is 

available based on the defined initial aquifer storage. This Initial Aquifer Volume may be 

customized to the application. Groundwater extraction is allowed without limit to meet 

demands, but the goal of the system is to eliminate overdraft. 
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The aquifer mass balance is shown below (see Appendix A for detailed descriptors of the 

inflows and outflows): 

7. Aquifer (af) = Initial Aquifer Volume (af) + dt* Agriculture Recharge (afy) + dt* 

Aquifer Recharge (afy) + dt* Import Excess Recharge (afy) + dt* Industrial 

Recharge (afy) + dt* Loss Rate (cfs) + dt* Natural Recharge (afy) + dt* 

Residential Irrigation Recharge (afy) + dt * Stream Recharge (afy) + dt* Turf 

Recharge (afy) - dt* Aquifer Evaporation (afy)- dt* Extraction Rate (afy) 

Those recharge variables that are based on fixed percentages of water use are listed in 

Table 6.2. The aquifer is recharged directly by all demand sectors except for residential 

indoor, from natural recharge resulting from snowmelt or rainfall, from channel recharge 

and from direct or indirect recharge from wastewater treatment plant operations. A 

unique Natural Recharge may be user defined. 

Table 6.2 Aquifer Recharge Percents 

Variable Fixed Percent Recharge Rate 

Agriculture Recharge 16 

Aquifer Recharge ( from WWTP, % of 95 
controlled recharge that reaches aquifer) 
Industrial Recharge 1.5 

Loss Rate ( from stream when losing) 60 

Residential Irrigation Recharge 5 

Stream Recharge (from WWTP and 25 
Upstream Flow) 
Turf Recharge 5 
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The final water budget displayed in the model details the difference between renewable 

and non-renewable groundwater usage. Again, the aquifer model is a simplification of 

reality and, in particular, does not include spatial effects. This limitation may result in a 

slightly inaccurate water balance because it is assumed that recharge and pumping take 

place near the same location, which is rarely the case. However, this lumped mass 

balance mirrors many actual water resource budgets which also fail to take into account 

location problems. 

The model utilizes all of these supplies based on priority order and user selection. As the 

groundwater is in a sense modeled as limitless, this source can always satisfy user 

demand. (It can be assumed that pumping capacity in the model will always be increased 

to accommodate necessary withdrawals. This simulates many water systems that 

continue to pump groundwater to satisfy demand and reinforces the need to develop 

methods to meet safe yield.) Demand in excess of renewable supplies will be shown as 

an overuse of renewable groundwater and seen in a reduction in aquifer storage over 

time. Demand sector options to provide overall balance are described in the next section. 

6.2 Demand 

Four major demand sectors are included m the model; agriculture, industry, non

residential turf, and indoor and outdoor residential use. Demands increase with 

population and may be reduced by implementation of various conservation measures. 
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Agriculture 

Four semi-arid region crops (common to Pima and Pinal Counties in AZ) are assumed to 

be grown in the basin; alfalfa, upland cotton, Durum wheat, and lettuce. Acreage for 

each of these crops can be varied within the model (i.e. Alfalfa Initial Acres). Agriculture 

equations below will be illustrated using alfalfa, but distinct equations for each crop exist 

in the model. In many areas agriculture land is being retired and its water shifted to other 

uses. As such, the model includes an option to retire agriculture acreage (Percent 

Acreage Retired). Selecting this option retires the same percentage of all crops at a cost 

paid to the farmers: 

8. Alfalfa Acres (acres) = Alfalfa Initial Acres (acres) * [ 1 - Percent Acres Retired 

(%)] 

Crop water demand is estimated by an equation of the following form that is shown for 

alfalfa, where Agriculture Efficiency is assumed to be 80%: 

9. Alfalfa Water Demand ( afy) = Alfalfa Acres (acres) * Alfalfa Water Use 

(afy/acre) I Agriculture Efficiency(%) 

Total Water Demand for agriculture is the sum of the individual crop uses. As noted, 

crops, except for vegetables including lettuce, may be irrigated with fresh water or 
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reclaimed effluent based on ADEQ regulations. The user may specify the percentage of 

agriculture acreage to irrigate with effluent (Percent Acreage Using Reclaim), which 

results in agriculture effluent demand. (Although lettuce does not use reclaimed water, 

because reclaim is based on percent acreage, lettuce demand is included in the equation. 

The water is only distributed to the other three crops, as shown in equation 11 below.) 

10. Total Effluent Desired (afy) = Total Water Demand (afy) * Percent Acreage 

Using Reclaim(%) 

However, with limited reclaimed water, not all of the effluent that is desired may be 

available, which would result in a different value for Total Effluent Used. Effluent used 

for an individual crop is assumed to be based on that crop's proportion of the agriculture 

demand of the three crops that use reclaimed water, or for alfalfa: 

11. Alfalfa Effluent Used (afy) = Total Effluent Used* Alfalfa Water Demand (afy) I 

[Alfalfa Water Demand (afy) + Cotton Water Demand (afy) + Wheat Water 

Demand ( afy)] 

The overall agriculture demand for new water is then: 

12. Total New Demand (afy) = Total Water Demand (afy) - Total Effluent Used (afy) 
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The 'new' water demand is taken from a fresh water supply, while the effluent demand is 

recycled from the wastewater treatment plant. A small portion (16%) of the agriculture 

demand is assumed to recharge while the majority is lost to consumptive use. 

The agriculture sector has direct economic returns, shown using alfalfa as an example. 

Each crop has an average yield per acre and an average price per unit, resulting in 

revenue for each crop or: 

13. Alfalfa Revenue (USD/yr) = Alfalfa Acres (acres) * Alfalfa Yield (ton/acre/yr) * 

Alfalfa Price (USD/ton) 

The average acreage cost and costs per acre-foot for both 'new' water and effluent can 

also be computed by: 

14. Alfalfa Total Cost (USD/yr) = Alfalfa New Demand (afy) * New Water Cost 

(USD/af) + Alfalfa Effluent Used (afy) * Effluent Cost (USD/af) + Alfalfa Acres 

(acres)* Alfalfa Acreage Cost (USD/acre/yr) 

Finally, Farmer Profit is calculated from profit, revenue minus cost, for each crop. This 

amount may be supplemented with land retirement payments. 

15. Alfalfa Profit (USD/yr) = Alfalfa Revenue (USD/yr) - Alfalfa Cost (USD/yr) 



55 

16. Total Farmer Income (USD) = dt* Farmer Profit (USD/yr) + Total Acres (acres) 

* Percent Acres Retired(%)* Payment per Retired Acre (USD/acre) 

Both water usage and economic data for all the crops are derived directly from Pima and 

Pinal Counties (AZ), making this a strong component. Its only limitation is that more 

crops are not available to diversify or change the crop base. To overcome this limitation 

and allow customization for a region, the default crop mix (and thus Total Water 

Demand) may be overridden by user input of Agricultural Water Demand. Percent acres 

retired and percent acres using reclaimed water can still be altered, with percentages 

taken from water demand as a stand-in for total acreage. 

Industrial 

Industrial use is a very simplified module owing mainly to lack of available data and the 

inability to generalize an industrial complex for a generic region. Thus, in locations in 

which industry has a large effect on the water budget, the model's utility may be limited. 

No user-defined conservation options are available in the model; the user is only able 

input a customized Initial Industry Demand. 

Industrial use is calculated from initial demand and a linear industrial growth rate (not 

directly based on population growth, but rather on TAMA (Tucson Active Management 

Area (AZ) projected industrial use): 



17. Industrial Demand (afy) = Initial Industry Demand (afy) + Industrial Growth 

(afy/yr) * (Time - Start Time) 

56 

A percentage of industrial use is returned to the waste water treatment plant ( 68% ), a 

percentage recharges to the aquifer as incidental recharge (1.5%), and the remainder is 

lost as consumptive use (30.5%). 

Population 

Population is the main driver for the remaining use sectors and is based on population 

growth rate and the associated number of households or: 

18. Population (p) = Initial Population (p) + dt* [Population (p) * Growth Rate(%) I 

Timestep] 

19. Households (houses)= Population (p) I Persons Per House (p/house) 

The Initial Population, Growth Rate and Persons Per House may be modified from their 

default values. The population growth rate is a major factor in defining water use and as 

such is one of the most influential model variables. 
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Non-residential turf 

The non-residential turf sector consists of grass areas in schools, public and private golf 

courses, and parks. Total Turf Demand is the sum of the four uses. School and Park 

demands are calculated by: 

20. Park Demand (afy) = Park Density (park/p) * Population (p) * Average Acres per 

Park (acres/park)* Water per Park Acre (afy/acre) 

Golf course use is estimated by: 

21. Golf Course Demand (afy) = [Nine Hole Course Density (course/p) * Initial 

Population (p) * 9 (holes/course) + Eighteen Hole Course Density ( course/p) * 

Initial Population (p) * 18 (holes/course)]* Water per Hole (afy/hole) 

Effluent can be used for any outdoor use by defining the percentage of any application 

using effluent (i.e. Percent Schools Using Reclaim Water). Turf Effluent Desired is the 

sum of each application's demand multiplied by its percentage reclaimed use. 

As in other sectors, if sufficient effluent is not available, Turf Effluent Desired will differ 

from Turf Effluent Used. Turf New Demand is the difference between Total Turf 

Demand and Turf Effluent Used. A water cost is assessed based on the portions of 'new' 

water and effluent: 



22. Total Turf Cost (USD/yr) = Turf New Demand (afy) * Turf New Water Cost 

(USD/af) + Turf Effluent Used (afy) * Turf Effluent Cost (USD/af) 

58 

A percentage of turf water demand (5%) is recharged to the aquifer as incidental 

recharge, but the majority is a consumptive use. The use of non-residential turf as a 

demand sector limits the depiction of community water use, which would also include 

trees and other plants in parks and medians, fountains, and other amenities. However, 

turf, and in particular golf courses, has a high water demand and is very familiar to the 

public. When looking at water management alternatives, removal of vegetation from 

parks and schools is rarely considered. For these reasons, more extensive community 

water use was not included. 

Residential 

The residential demand sector is composed of indoor and outdoor components and is 

strongly based on population. Demand calculations were largely based on previous 

modeling efforts for the Upper San Pedro Partnership (USPP). 

Indoor residential use 

Indoor use is the sum of toilet, shower, faucet, clotheswasher, bathtub, dishwasher, and 

evaporative coolers. (The explicit equations for all of these can be found in Appendix 

A.) Each of these uses is based on water use per action, the average actions per day per 
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person, the average persons per house, and the current number of households. In 

addition, toilet use, shower use, and faucet use are broken into low-flow and traditional 

flow. Clotheswasher use is broken into top loader and frontloaders (low water use), and 

Percent Homes with Frontloader can be specified. A potential savings of switching all 

devices to low-flow is calculated. Example equations are listed below for toilets: 

23. Toilet Use (afy) = Households 1989 (houses) * Toilet Pre 89 (gal/flush)+ 

[Households (houses)- Households 1989 (houses)] * Toilet Low Flow (gal/flush) 

* Flush per Day (flush/p/day) * Persons Per House (p/house) 

24. Potential Toilet Savings ( afy) = Households 1989 (houses) * [Toilet Pre 89 

(gal/flush) - Toilet Low Flow (gal/flush)] * Persons Per House (p/house) * Flush 

per Day (flush/p/day) 

A market penetration rate (that can be varied by the user as Percent Older Homes with 

Fixture Retro.fits) and efficiency rate for low flow devices determine the actual retrofit 

water savings: 

25. Retrofit Savings (afy) = [Potential Shower Savings (afy) + Potential Toilet 

Savings (afy)] * Market Penetration Rate(%)* Retrofit Efficiency(%) 

Savings is subtracted from the sum of the other uses to obtain total residential indoor use. 
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All residential indoor use in this model is considered to require potable water. A 

percentage of water from all uses except for toilets may be used for gray water residential 

outdoor irrigation as selected by the user (Percent New Homes with Gray Water 

Technology): 

26. Gray Water Reuse (afy) = [[Total Residential Indoor Use (afy) I Households 

(houses)] - [Toilet Use (afy) I Households (houses)]] * [Households (houses) -

Households 2005 (houses)] * Percent New Homes with Gray Water Technology 

(%) 

All remammg residential indoor demand is assumed to be returned to wastewater 

treatment plants (i.e., no septic systems are considered). Residential indoor costs are a 

cost per unit for the 'new' water used, the cost associated with clothes washer investment 

(new homes) or replacement ( existing homes), and the costs of fixture replacements 

based on the market penetration rate of fixture retrofits, the number of fixtures per house, 

and the average cost of a retrofit. See Appendix A for detailed equations. 

Outdoor residential use 

Residential outdoor use in this model consists of irrigation and pools. Irrigation demand 

consists of turf and drip irrigation and is modeled by: 



61 

27. Total Irrigation Water Demand (afy) = Households (houses)* Percent Homes 

with Irrigation (%) * [Percent Homes with Drip (%) * Drip Irrigation Area 

(sf/house)* Water Use per Drip Area (af/acre/yr) + Percent Homes with Turf(%) 

* Turf Area (sf/house)* Water Use per Turf Area (af/acre/yr)] I Irrigation 

Efficiency (%) 

A default number of homes (Percent Homes with Irrigation) are assumed to have 

permanent fixed irrigated areas. Varying Percent Homes with Drip will alter the Percent 

Homes with Turf as the complement. Like agriculture, a fixed percentage ( 5%) of the 

irrigation is recharged to the aquifer as incidental recharge. 

Irrigation water may be supplied by 'new' water from the water supply, effluent, gray 

water (mentioned previously in indoor use), or rainwater harvesting. The user may vary 

Percent Households with Reclaim Hookup and Percent Households Harvesting. 

Rainwater harvesting is based on: 

28. Rainwater Harvesting (afy) = Households (houses)* Percent Households 

Harvesting(%) * Collection Area (sf/house) * Collection Rate (gal/sf/in) * 

Collection Efficiency(%) * Rainfall (in/yr) 

New Irrigation Water Demand is then: 



29. New Irrigation Water Demand (afy) = Total Irrigation Water Demand (afy)

Effluent Used (afy) - Gray Water Reuse (afy) - Rainwater Harvesting (afy) 
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Pool use requires new water for filter backwash, drainage, and evaporation replacement 

and is computed by: 

30. Pool Use (afy) = Households (houses)* Percent Homes with Pools(%)* 

[Backwash (gal/day/pool)+ [Percent Pools with Cover(%) * Evap with Cover 

(gal/day/pool)+ [1 - Percent Pools with Cover(%)] * Evap no Cover 

(gal/day/pool)] + [Percent Pools with Cover(%) * Drain Frequency with Cover 

(1/yr) + [1- Percent pools with Cover(%)] * Drain Frequency No Cover (1/yr)] * 

Pool Volume (gal/pool)] 

The Percent Homes with Pools may be varied by the user. 

Total residential outdoor demand is the sum of irrigation and pool demands. Costs for 

both 'new' water and effluent are calculated. 

Residential indoor and outdoor uses are summed to compute the total residential use that 

is divided into 'new' water demand and alternative supplies. Water use per capita per 

day is also computed. 
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6.3 Wastewater Treatment Plant 

Residential and industrial sectors return water to the wastewater treatment plant through a 

collection system. The return flow is subjected to sludge and evaporation losses. The 

plant water balance is then: 

31. Total WWTP Input (afy) = Residential Use to WWTP (afy) + Industrial Demand 

(afy) * Percent Industrial Returned(%) 

32. Available (afy) = Total WWTP input (afy) * [[1 - [Sludge Loss(%)+ Evap (%)]] 

where Sludge Loss equals 1 % and Evap equals 3%. 

The remainder is available for reclaimed water use, aquifer recharge, or stream return. If 

the user does not allow total use of effluent (Effluent Control), a default half of all 

available inputs will return to the stream. Based on the percentages of agriculture, turf, 

and residential outdoor irrigation that can accept effluent, reclaimed water is then 

supplied directly to meet these demands ( and does not first go into the central water 

supply). Agriculture has first priority, followed by turf and residential outdoor. 

If indirect potable reclaimed use is allowed (Reclaim for Potable Use Control), aquifer 

recharge has the next priority. If direct treatment potable reclaim is allowed (Reclaim for 

Potable Use Control), effluent is first used as water supply and, if the available volume is 

not required, the remainder will recharge to the aquifer. 
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Any flow remaining after reclaimed uses (both potable and non-potable) will be returned 

to the stream. All water returned to the stream, as well as all previously uncaptured 

streamflow, will lose 25% to recharge and 30% to evapotranspiration. The remainder is 

termed downstream flow in the riparian area. 

Expanding the effluent and reclaim system carries a built-in yearly fixed cost loosely 

based on Tucson Water Long Range Plan economic projections. This economic 

component does not demonstrate the marginal cost of expansion. Also, the wastewater 

treatment plant and reclaim system is a black box that does not contain the different 

levels of treatment required for various uses. As these are internal agency decisions not 

often made in a public setting, a further level of both operational and economic 

complexity was deemed unnecessary for this model. 

6.4 Environmental Economics 

Monetary values associated with environmental benefits are included to help demonstrate 

the competing interests in a regional water supply system. Based on downstream 

flowrates (after both regional diversion and stream return), values for floatboating, 

fishing, hiking, camping, and the preservation of naturalness are computed. These values 

are based on economic studies of 'willingness to pay' (WTP) and recreation 

demographics (see Appendix A): 



33. Fishing WTP (USD/yr) = f(Downstream Flow, WTP for Activity, Population, 

Percent Population Engaging in Activity, Days per Year Engaged) 
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A value is also placed on streamflow reductions based on 'willingness to accept' (WT A) 

studies, included here to show a slightly different perspective: 

34. WTA Reduction (USD/yr) = f(Downstream Flow, Flow Reduction, WTA, 

Population) 

These values cannot be considered actual monetary values, but are intended to represent 

the value of a free flowing stream to residents of the region. In addition, these values 

were not intended to accurately represent any one specific area, but rather a general semi

arid area. 
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7 INTERFACES 

The modules described above are the behind-the-scenes mapping layer of the model. 

Powersim contains a Presentation mode in which you can build user interfaces to display 

only the essential input parameters and output variables. The user interfaces for this 

model are separated into basic and advanced versions. The basic version contains fewer 

variable controls and does not allow user customization or advanced supply and treatment 

options. The interfaces for the basic version are not included here, as they are simplified 

versions of the advanced interfaces. The home page (Figure 7 .1) allows the user to select 

either version as well as to view supplemental materials. 

::i:: Powersim Studio Presentation mode r.[I@~ 

The Basic Version is based on a generic semi
arid region and allows you to make 
management decisions regarding agriculture, 
turf, and residential demand, as well as 
population growth. 

Advanceo:1 
The Advanced Version allows you to 
customize your region and have considerable 
control over supply and waste water 
treatment processes . It also includes more 
demand sector variable options than the 
Basic Version. 

This section contains links to suggested 
activities to help you understand the model, 
as well as background and discussion 
information. It also lists acknowledgements 
and contacts . 

This contains a list of terms you may come 
across in this model. Feel free to familiarize 
yourself with the terms in advance. There 
will also be a link to the glossary at the 
bottom of every input page. 

01/01/2005 

1 J Start 2 ll'lternel: Expl... • : CU:e,vin's edits • ;:J 3 Micro$0/t Word • 0 Mioosoft Excel : ( PowerSJm Stl.Jd,) .. ' , " '<,1 ~ ~ 3:01 PM 

Figure 7.1 Home Page 
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The advanced version of the model contains an introductory navigation page (Figure 7.2) 

that contains a brief model overview as well as links to all of the input and output pages. 

: *: Powersim Studio Presentation mode ~@rg} 

or 
t.qriculture 

Override 

I~iri 
Res1den t ,al 

3 Extra Pages 

Riparian Area 

Fnv1ronmen tal 
Ecc,norni,·s 

01/01/2005 
rf1!'lj "''""'~· , ; start 2 Internet Exp!... ? Ii Kevin's ed,t$ ;:'i 3 Microsofn11ord • 0 f'Ybcr~t Excel : ( Powers,m Studio .. "" ' t<,1 •\;, 3:01 PM 

Figure 7.2 Navigation Page 

7.1 Input Pages 

The main demand sector interfaces are for agriculture, turf, population, and residential. 

Each interface contains user-controlled options as well as graphical and numerical results. 

Graphs on each page contain upstream and downstream flow and the groundwater aquifer 

level. These results show the effects of the user's choices on the natural water system. 

They can also show surface water - groundwater interactions. 
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The agriculture input page (Figure 7.3) controls acreage for each of the four crops (eq. 25 

in Appendix A), percent acreage using reclaim (eq. 36), and percent acreage retired (eq. 

25). The numerical values returned at the bottom of the page include total water demand 

(eq. 35), 'new' and effluent demand (eqs. 36, 37, and 38), and amount recharged (eq. 39). 

These numbers are valid for the current year of the simulation. Economic returns include 

farmer profit ( eq. 40), land retirement costs ( eq. 42), and total farmer income ( eq. 42). 

This page is designed to demonstrate the link between water use and profit with different 

crop mixes and the ability for retirement and reclaimed water use to reduce consumptive 

water use. 

: :I:: Powersim Studio Presentation mode E[j~~ 
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17,000 
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Figure 7 .3 Agriculture Page 
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Total Retirement Costs o.o Million$ 

Total Farmer Income 0.0 Million$ 

Note: It would not be practical for all aoriculture 
acreaoe to be connected to the reclaim system 
because some farms are far away from the 
redaimed water system. For this reason, it is 
limited to 50% . Also, lettuce is a high water
content food crop and cannot use reclaimed 
water; redaimed water will be divided between 
the other three crops . 
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The turf page (Figure 7.4) allows the user to select the percentage of each use that 

receives reclaimed water (eq. 60). Numerical results show total turf demand for each use 

(eqs. 55-58), total turf demand for 'new' and effluent uses (eqs. 62, 60, and 61), turf 

recharge ( eq. 64), and the yearly water cost ( eq. 63). This page is designed to show that 

using reclaimed water not only saves new water for potable uses but also actually saves 

money for the turf 'owner'. 

: 1: : Powersim Studio Presentation mode (£)@~ 
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Figure 7.4 Turf Page 

The residential page (Figure 7 .5) includes controls for vanous water conservation 

measures including percent older homes with fixture retrofits (eq. 76), percent homes 

with frontloading washing machines (eq. 74), percent new homes with gray water 
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technology ( eq. 83), percent households with drip irrigation ( eq. 86), percent households 

harvesting rainwater ( eq. 84), percent households with pools ( eq. 85), and percent 

irrigation with reclaim hookups ( eq. 87). This page returns numerical results for both 

indoor, outdoor, and total residential demand, which is broken into 'new' demand and 

alternative supply (eqs. 77, 89, 91, 93, 94). Recharge (eq. 90), return to system (eq. 79), 

cost of retrofits ( eq. 82), and cost of water ( eq. 95) are also displayed. These values are 

all specified as a total for the region and per person or per house. This page is designed 

to demonstrate the general effects of certain water conservation actions on the water 

balance, specifically related to the different impacts of indoor and outdoor conservation. 

: :I:: Powersim Studio Presentation mode GJ@~ 
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The final input page (Figure 7.6) allows modification of the regional demographics 

through population growth rate and persons per household (eqs. 23-24). It displays 

population and the number of households. Along with streamflow and aquifer storage 

plots that are presented on all demand sector interfaces, this page contains a graph of 

residential and turf demand. This interface is designed to show the impact of population 

growth and associated demographics on future demand trends, with emphasis on outdoor 

consumptive uses. 

:(Powersim Studio Presentation mode ~~rg] 
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Figure 7 .6 Population Page 



72 

After defining all parameters and desired measures to be implemented, an input summary 

page (Figure 7.7) is available so the user can see all of their decisions in one location. 

The model values can also be modified from this page. It provides a useful basis for the 

Water Management Project, one of the supplementary materials discussed later. 

: :I:: Powersim Studio Presentation mode ~@l:Ej 

Alfalfa Acres 2,500 acres 

Lettuce Acres 200 acres 

Cotton Acres 12,100 acres 

Wheat Acres 4,200 acres 

Agriculture 96 Reclaim 0 96 

Agriculture % Retired 0% 

Private Golf Courses 96 Reclaim 32 96 

Public Golf Courses % Reclaim 100 % 

Public Parks % Reclaim 26 96 

Schools 96 Reclaim 19 96 

Population Growth Rate 2.0 96 

People per House 2.42 people/houses 

Older Homes with Fixture Retrofits 50 % 

Homes with Frontloader 10 96 

Irrigated Yards with Drip System 40 96 

Homes Harvesting Rainwater 1 96 

Homes with Pools 21 96 

Homes with Reclaim Hookup 0.1 96 

New Homes with Gray Water 0 .5 96 

Figure 7.7 lnput Summary Page 

7.2 Output Pages 

The water budget interface 1s the cornerstone of the model (Figure 7.8). It returns 

numerical results including 'new' water demand (eqs. 38, 52, 62, 94), reclaimed water 

demand (eqs. 37, 61, 88), return flows to system (eqs. 54 and 79), and recharge (eqs. 39, 
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53, 64, 90) for the four demand sectors. These results summanze the impact that each 

sector has on total and consumptive use. The available water and actual use from the six 

supplies are also listed (eqs. 1, 2, 3, 4, 5, 12, 14, 20, 97, 104) to demonstrate which 

supplies are over- or under-utilized. A streamflow graph is also presented, but this page 

presents an aquifer balance as opposed to aquifer level to focus on aquifer overdraft. In 

this model, demand can never exceed supply because groundwater will always be used to 

meet demand. The water budget page therefore provides guidance on selecting general 

options that can be chosen to make the system sustainable. 

'.( Powersim Sludio Presentation mode ~f!Jrg:J 

83.28 kafy 83.19 kafy 0 .03 kafy 53 .44 kafy 

Turf 24.51 kafy 16.06 kafy 8 .45 kafy 

89.79 kafy 89 .79 kafy 0 .00 kafy 

72 . 10 kafy N/A 

Surface Water 65 . 15 kafy 26.06 kafy 

Renewable Ground Water 56. 77 kafy 100.08 kafy 

Imported Water 135.00 kafy 135.00 kafy 

Reclaimed Water 49 .18 kafy 8.48 kafy 

Reservoir Diversions 0 .00 kafy o.oo kafy 

Tribal Water Purchases N/ A o.oo kafy 

NOTE: Av•il•ble surf•c• w.eter is defined •s •fter the lnstre.em flow requirement, 
if anv~ has been met. Available reclaimed water is defined a s available after 
stream return requirement, if any , has been met. 
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Figure 7.8 Water Budget Page 
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Ancillary results are also provided that are not linked directly to the task of developing a 

water balance. An environment interface (Figure 7.9) returns the environmental 

economics values discussed m the prev10us section ( eqs. 110-111 ). Streamflow and 

economic environmental value time series plots show their interrelationship. Since it is a 

complex relationship, this page includes an explanation of the process of environmental 

economic valuation. It is designed to demonstrate that water in the river is not beneficial 

simply to supplement supply, but also for recreation, npanan health, and aesthetic 

benefits. 

'. 1:: Powersim Studio Presentation mode G]@(EJ 

Every decision made regarding water management has environmental consequences. 
This page shows the streamflow graph familiar to you, but we ask you to look at it in 
a different light . Both the stream and the aquifer are natural resources which may 
easily be degraded by our actions . Keeping a reliable streamflow (in part by not 
overdrafting the aquifer) helps preserve a healthy ecosystem. The dollar values listed 
below are shown to help represent the economic benefits of a healthy environment. 
The WTP values are 'willingness to pay' values which show how much being able to 
recreate these ways near a river is worth to people . The WTA is a 'willingness to 
accept' value which is how much you would have to pay people to reduce their 
streamflow. It represents how much people value a stream. These numbers are not 
actual expenses, but rather an estimate of the value of these natural resources . This 
page is interesting to see if you use the play/pause button, as the values will depend 
upon the flow in the stream each year. Also, some activities require more water than 
others . It is assumed that there are substitutes in the area, so these values should 
only be considered specific to the stream in this model and not to recreation 
throughout the region . These numbers are based off downstream flow . 

camping WTP 10 Million$/yr Million$/yr 
20 

fishing WTP O Million$/yr 

hiking WTP 12 Million$/yr 15 

floatboating WTP O Million$/yr 
10 

preserve naturalness WTP 2 Million$/ yr 

WT A reduction 284 Million$/yr 

Figure 7.9 Environmental Economics Page 
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The riparian area page (Figure 7 .10) shows the consequences of various decisions on the 

downstream riparian habitat ( eqs. 4, 5, 21, 22, 105). Details on riparian zone processes 

that affect the flow in the riparian area and the streamflow are also summarized. The 

page is designed to demonstrate the effect that management decisions can have on a 

stream and associated riparian area. However, the limitations of this generic model 

prevent the user from actually being able to tell if there is enough water in the stream. In 

other words, specific biotic indicators were not included in the model and would be 

beneficial to future iterations. It is hoped that the user will learn to consider riparian 

effects when evaluating alternatives without that level of detail. 

) : Powersim Studio Presentation mode 0@tEJ 

*The modeled region contains 
a riparian area downstream of 
the city and the wastewater 
return. The water In this 
reach is the instream flow 
requirement plus any 
additional flow not captured by 
the region plus stream return 
from the WWTP. 

Instream Flow Requirement 30 cfs 

Percent Capture Allowable 40 96 

F!ow Capture (Diversion for Use) 36 cfs 

Inter Flow 84 cfs 

Stream Return 68 cfs 

Figure 7 .10 Riparian Area Page 

* However, within the riparian 
area, 25% of flow recharges 
to the aquifer and 30% goes 
to evapotransplration, 
supporting riparian life. Only 
45% of the flow entering the 
reach actually remains in the 
reach. 

DO'.;VtlStl ·~am Flo·w 

Even if the river has an instream flow requirement, any 
additional water that is left in the river provides the 
opportunity for a more productive and aesthetically pleasing 
riparian area. This may enhance wildlife habitat or allow for 
more recreation. Riparian areas also help naturally treat 
waste. Does the Downstream (Riparian Area) Flow seem 
acceptable to you? 
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7 .3 Advanced Customization, Input and Output Pages 

The model contains three interfaces for advanced inputs. On the user customization page 

(Figure 7 .11 ), initial aquifer volume, natural recharge rate, initial population, industrial 

water demand, and agriculture water demand can be input. The industrial and agriculture 

water demands override the generic model's regional values (eqs. 52 and 43). The other 

inputs change initial model parameters ( eqs. 16 and 23). Along with the other advanced 

input pages, the user is able to roughly simulate a selected area. Because not all of the 

variables in the model are available for customization, the user cannot create an exact 

replication of a specific area but is able to simulate an approximate picture of the area. 

::i:: Powersim Studio Presentation mode G:J~~ 

Initial Aquifer Volume 18,500 kaf 

Natural Recharge Rate 15.0 kafy 

Initial Population 675,000 people 

Industrial Water Demand 72.1 kafy 

Figure 7.11 Customization Page 

B 

C 

D 

Initial Aquifer Volume and Natural Recharge Rate . Please 
enter the initial aquifer volume and the natural recharge rate 
for your area . This should be available through your local 
water provider. If you cannot find this information, using the 
default value will not i;ireatly alter the model. If your area is 
significantly smaller than the default population, you may wish 
to scale these numbers down . 

Initial Population. Please enter the current population in your 
area. You will be able to alter population growth and persons 
per house on the Population page . 

Industrial Water Demand . Please enter the total annual 
industrial water demand for your area . This will override the 
default value, but the water use will increase each year by a 
default percentage . 

Ai;iriculture Water Demand . Please enter the total agricultural 
water demand for your area . This will override the default 
crops in this model, but you will still be able to alter percent 
acres on redaim or retired . Also note that you should go to 
the Ai;iriculture Override paoe and not the reoular Ai;iriculture 
pai;ie. 
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One of the options available on the User Customization Page (Figure 7.11) is to provide 

an Agriculture Water Demand to override the generic crop system in the model. A 

separate interface for this option 1s available as the Agriculture Override Page (Figure 

7.12). This page returns the same variables as the regular page, but the only inputs 

available are reclaimed water use and land retirement acreage (eqs. 45 and 44), as the 

overall water demand is customized on Figure 7 .11. This customization option does not 

allow for input of specific crop mixes, but only an aggregate water demand. This 

provides less latitude in discovering ways to reduce agricultural water use. 
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Figure 7.12 Agriculture Override Page 
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On the supply and treatment controls page (Figure 7.13), the user may select from a 

variety of operational procedures; the amount of water to import (eq. 2) and whether or 

not to treat it ( eq. 106), the amount of tribal water to purchase and at what rate ( eqs. 1 and 

107), whether or not to have a reservou, the specific reservou diversion rate ( eq. 10), 

whether or not to use reclaimed water for potable use ( eqs. 3 and 102), and whether or 

not to require effluent for the stream ( eq. 105). Each of these options has consequences 

discussed in the module descriptions, often involving cost (which will be shown in Figure 

7 .15). This page is especially useful for customizing the model. 

:(Powersim Studio Presentation mode ~@~ J 

F 

G 

H 

Tribal Water Options . If you are customizing, enter the amount of 
tribal water your area purchases and at what rate . If you are using 
the default area, you may choose how much tribal water you would 
like to purchase up to 40,000 afy. 

Reservoir Options . If you would like to use a reservoir in either the 
default model or your customized area, check the box . If you are 
customizing, please enter the amount of reservoir water your area 
uses for supply. 

Effluent Options . You may choose not to allow reclaim for potable 
use, or to allow indirect (recharge) use or a combination of direct 
(treabnent) and indirect use. Allowing any form of potable use will 
cost $24.2 million/year. In addition, whether or not you allow 
potable use, if you choose to allow total use of effluent, you will also 
pay the above cost. Choosing a stream requirement will cause 50% 
of generated effluent to be returned to the river. Note that only 45 
% of stream discharge will stay as flow . The rest is either recharged 
or lost through evapotranspiration. This option has no cost. 

01/01/2005 
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Figure 7.13 Control Page 
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The final advanced input interface consists of flow selection (Figure 7.14). The user can 

select one of ten flow sequences ( eq. 4), may input an instream flow requirement ( eq. 5), 

and may select how much of the remaining flow to divert for use (eq. 5). This page is 

useful for customization by selecting or entering an appropriate streamflow. It also 

provides an excellent basis for analyzing plan robustness m the face of climate 

variability, as some of the flow sequences simulate dry years, including a "worst case 

scenario." The boxes on the right side of the interface provide details on what each 

option means. The ongm of the flow sequences will be discussed with the climate 

interface (Figure 7 .18). 

::1: ) owersim Studio Presentation mode ~@~ 

Figure 7.14 Flow Selection Page 

Flow Switch . If you are using the default model, you may 
choose from a Little River series (average 17Bcfs) or a Big River 
series (average 382cfs) . You must also choose whether to run 
the simulation in a wet, dry, or average period . If you are 
customizing, you may either enter your own flow sequence in 
the 'User Input" worksheet of the Excel spreadsheet (and select 
'User Input Flow Sequence· from the drop box), or you may 
enter an average flow value in the box provided . If you enter 
this value, you must select a wet, dry, or average sequence 
from the drop box. The 'Worst Case Scenario' uses flow from 
the Uttle River in Dry Years and also eliminates import after 
2020 due to drought. To learn more about these scenarios, 
please go to the Climate page. A good way to test the 
strength of your water plan is to run it with a variety of flow 
se uences. 

Instream Flow Requirement and % Allowable Flow Used. If you 
are customizing the model, please enter the instream flow 
requirement, if any, for your river . You are allowed to use any 
percentage of surface flow between the upstream amount and 
and the minimum instream requirement. In other words, if 
upstream flow is 200 cfs, and you use the default minimum 
instream flow of 30cfs, and you choose 50%, you will use 85 cfs 
to help meet your demand. By leavin!;I more water in the river 
you will see increased recreational returns as well as help 
maintain and improve downstream riparian areas . (Note that in 
reality, a region's ability to divert more water from a stream 
depends on if there are downstream appropriators who have 
rights to some of the water. In this model there are none.) 
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As mentioned previously, options for supply and treatment, as well as expansion of the 

reclaim system, incur costs. Figure 7.15 itemizes the increased supply costs computed in 

the simulation model ( eqs. 106-109). This page is a simplification of the true economics 

of a water system, but is designed to show that there is a cost attached to all management 

alternatives, particularly when improving the supply system. The boxes on the right of 

the interface briefly describe to the user why the costs are incurred. 

: :I:: Powersim Studio Present.:dion mode l'.!)@egJ 

The cost to increase the amount of imported water 
used, as well as enhanced treatment to decrease TDS, 
if this option was selected. This is only an additional 
import cost, and does not include the current use cost. 

The cost of extending the reclaimed water system for 
either potable use or increased irrigation use, as well 
as the extra treatment costs. 

01/01/2005 
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Figure 7.15 Supply Cost Page 
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A reservoir page (Figure 7 .16) shows the temporal history of reservoir storage to show 

the effects of decisions on the operations of the generic reservoir in the model ( eqs. 6-15). 

The reservoir is not used in the default case of the model and must be selected on the 

supply and treatment control page (Figure 7 .13). The text boxes on the interface describe 

the operational processes. 

: :t: Powersim Studio Presentation mode 8@~ 

* Diversions can take place 
between a minimum and 
maximum withdrawal based 
on the inputs listed above as 
well as the dam crest and the 
minimum conservation level. 
*Downstream flow releases 
must meet the minimum 
requirement. If diversions do 
not exceed the minimum 
withdrawal, this difference is 
also released. 
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Figure 7.16 Reservoir Page 
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7.4 Supporting Material 

The impact of climate on a system balance can be significant. A climate page and 

associated climate diagram (Figures 7 .17 and 7 .18) are included to explain the variations 

in the annual flow sequences available (eq. 4) on the flow selection page (Figure 7.14). 

This information explains in words and graphically the relationship of the El Nino 

Southern Oscillation to streamflow in Arizona and was developed by Dr. Mike Crimmins 

(Department of Soil, Water, and Environmental Science, University of Arizona). 

: '*: Powersim Studio Presentation mode f[]@tEJ 

Figure 7.17 Climate Page 
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On the Flow Selection Page (Figure 7.14), a drop down box allows the user to select from 

two rivers with wet, dry or normal sequences. This climate diagram (Figure 7 .18) 

demonstrates how the sequences were selected. The mean annual flow at two gage points 

was obtained from USGS data. This figure graphs mean annual flow of the Gila River at 

Calva, which is the "big river" in the model. The dry year sequence was 1930-1955, the 

normal sequence was 1956-1981, and the wet year sequence was 1978-2003. The Gila 

River at Clifton was used for the "little river," with similar sequences of 1943-1970 ( dry), 

1955-1980 (normal), and 1971-2003 (wet, with missing data from 1989-1995). The 

trends in mean annual flow mirrored those at Calva. 

) : Powersim Studio Presentation mode r;]@rgj 
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Mean Annual Flow- Gila River at Calve, Arizona 
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Note: The 'Big River' flows in the model are based off this flow sequence. The 'Little River' flows are 
based on the GIia Ri...er at Cllrton, Arizona That sequence produces similar trends and therefore is not 
shown separately. 
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Figure 7.18 Climate Diagram Page 
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Additional supporting material for running the model and a glossary of definitions of 

terminology used are given on additional pages (Figure 7 .19 and 7 .20). The 

supplemental information contains links to activities associated with the model, as well as 

background information for the model. It also contains acknowledgements and contact 

information. 

: *: Powersim Studio Presentation mode ~@~ 

This model was created at the University of Arizona. 
It was funded by TRJF and SAHRA. We would like to 
acknowledge all who contributed to this model 
including Derya Sumer, Jim Washburne, Candice 
Marburger, Paul Wilson, Steve Stewart, Robert 
Emanuel, Mike Crimmins, Gunhui Chung, and the Spring 
2005 HWR 203 class. If you are interested in learning 
more about this model or DSS, please contact the 
authors. Thank you . 

01/01/2005 
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Figure 7.19 Supplemental Page 
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The definitions on the glossary page (Figure 7.20) consist of standard information 

designed to be understandable to someone with no prev10us knowledge of water 

resources. All terms in the model which are thought to be confusing or uncommon to the 

general public are included. These are not dictionary or technical definitions, but are 

merely present to help explain the model processes. 

: '*: Powersim Studio Presentation mode ~@::l(El 

When the government or water company purchases 
agriculture lands in order to alleviate water stress in 
the basin or acquire their water rights. 

The comparison of extraction rates and recharge rates 
in an aquifer. 

Water that is not returned to the system . Returns 
include return to WWTP and recharge . Water that is 
not returned is lost to plant orowth and evaporation. 

Streamflow in the river after the city has taken water 
from it and released effluent to it. 

The placement of very small tubes beneath the 
ground, with a 'drip head' located directly at each 
plant. This prevents the great amounts of 
evaporation used when waterini;i lawns . 

Any water that is not reclaimed water. 

The collection of precipitation, which is then stored 
and directed towards irrii;iation. This can decrease the 
amount of 'new water' used to water a backyard. 

Water that infiltrates through the soil and into the 
aquifer. 

Wastewater that has been treated and returned to 
the system for certain uses, generally irrigation. Also 
known as effluent. 

~Al COll'fllefcial use prohibited 01/01/2005 
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Figure 7.20 Glossary Page (Partial) 
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8 SUPPLEMENTARY MATERIALS 

Owing to the breadth of the model and its unfamiliarity to users, it is difficult to learn 

from the model using solely a self-inquiry method. Therefore, a series of supplementary 

materials emphasizes certain concepts and goals that the model is designed to teach 

(Table 8.1 ). Complete activities and answer keys can be found in Appendices B and C. 

These activities were designed to be completed in a specific order, as each subsequent 

activity builds upon the previous exercise. By starting with an activity that brings out the 

effects of individual model options, the user is able to start at the most basic level, expand 

their knowledge of the model and take a more active, effective and inquisitive role in 

later activities. 

Table 8.1 Recap of Project Goals 

One Understanding of specific hydrologic and water resource concepts 
Two Options for conflict resolution 
Three System-wide implications of water management and policy alternatives 
Four Supplementary materials 
Five User-friendly 
Six Accessible to a wide and diverse audience through the internet 

The first activity is the Introductory Model Questions. It specifically addresses eight of 

the nine hydrologic and water resource concepts from goal one and well as goal three. 

The Water Management Project teaches goals two and three. The Control Case Studies 

address the final concept under goal one, climate variability, as well as goal three. (The 

remainder of the goals are self-evident through use and evaluation.) In combination, 
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these activities address all project goals related to specific learning. They also meet goal 

four, the provision of supplemental materials. In addition, a User's Manual was created 

as an aid for instructors or for those self-teaching (Appendix C). This manual contains 

ideas for discussion questions before or after some of the activities. 

8.1 Introductory Questions 

Six questions deal with Turf, Agriculture, Residential, Population, the Water Budget, and 

Riparian Area. Each of the first four questions isolates a limited number of variables to 

show the user how to visualize the effect of a single option on different results, and the 

last two questions deal more with overall system results. The questions serve the purpose 

of familiarizing the user with basic model mechanics as well as alternatives and results so 

that they will be able to eventually put all the pieces together themselves. This activity is 

most appropriate for students in a classroom setting and may be less welcomed by a more 

mature audience who are able to explore model function independently. 

Each question was chosen to specifically address goal three and one or more of the 

concepts from goal one, and objectives are laid out for each question. For example, the 

objectives for question one, turf, are: To identify the benefits of using reclaimed water for 

non-potable uses, to discover the price difference between 'new' and reclaimed water, 

and to identify the water demand for the turf sector. These objectives are more specific 

versions of reclaimed water and water demand by sector, both goal one concepts. The 

following is question one: 



1) Turf: 

A. Fill in the first column of the following chart with the default, initial year values 
(Note: default values are the input numbers in the model when it is opened or reset, 
and initial year values are the values before running the simulation, i.e. 1/1/2005). 
Then change private golf courses, parks, and schools to 50% reclaim and fill in the 
second column. 

Default Values 50% Reclaim 
Turf New Demand kafy kafy 
Yearly Water Cost $ $ 

[These units are somewhat odd but needed when discussing large water volumes. An 
acre-foot or af is a water volume and is equivalent to one acre of land covered with 1 
foot of water (acre * foot). An acre-ft/year is the rate at which water is used or a 
volume per time. A kafy is 1000 acre-ft per year. 
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An acre-foot of water is quite large. It is equal to 325,000 gallons or the annual indoor 
and outdoor use of 1 to 2 urban households. One acre is 43 ,560 square feet so one 
acre-ft is 43 ,560 cubic feet (ft3). An average tractor trailer (without the cab) is about 8 
ft. wide, 10 ft. high and 48 ft. long or 3840 ft3 (=8* 10*48) so 1 acre-ft is equivalent to 
over 11 tractor trailers filled with wate"r (11.35 to be exact).] 

Based on the table above, how much new water can be saved for other uses if 
at least 50% of turf uses reclaimed water? kafy 

Is reclaimed water cheaper or more expensive than new water? (In other 
words, does increasing reclaimed water increase or decrease yearly water 
cost?) 

B. How much water does a single 18-hole private golf course use? (Use the Water 
Demand and Number of holes in the Private Golf Course column. You need to do 
some math.) 

____ afy 

The following figures demonstrate where to find the answers to the question. Ovals refer 

to Part A and circles refer to Part B. A complete answer key can be found in Appendix 

C. 
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Figure 8.1 Turf Page: Default Values 
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The remainder of the introductory questions are listed in Appendix B and the answer key 

is included in Appendix C. The objectives for each question are noted in the questions 

themselves. Again, the objectives more specifically define all of the concepts under goal 

one, with the exception of climate variability, and goal three, implications of 

management alternatives. The questions are designed to meet those objectives. Table 8.2 

outlines the specific question and concept relationships. 

Table 8.2 Correspondence between Questions and Concepts from Goal One 

Question Topic Concept(s) from Goal One 
One Turf reclaimed water, water demand by sector (turf) 
Two Residential consumptive use, conservation alternatives, water demand 

by sector (residential), 
Three Agriculture water demand by sector ( agriculture and residential), 

conservation alternatives 
Four Population effects of population growth, surface and groundwater 

interactions 
Five Water Budget water demand by sector ( all), safe yield 
Six Riparian Area environmental effects 

The introductory questions provide the knowledge and experience necessary to progress 

to the next activity. However, it is important to discuss any important issues and possible 

misconceptions with the students before moving forward. The answer key should 

provide all necessary knowledge for a teacher to cover these points in class. 

8.2 Water Management Project 

Once the students have familiarized themselves with the introductory concepts and their 

effects, the next step is to use this information to complete a water management plan. In 

short, the students work in groups of four to develop a plan that will meet safe yield 
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throughout the 25 year simulation. Each of the students represents a different interest; 

farmer, developer, environmentalist, or negotiator. Goals and negotiation points are 

outlined for each role. The group must find a plan that is acceptable to everyone while 

considering the effects both on themselves and the entire water system. The students 

may formulate their plan using any of the options available in the model and must use the 

Input Summary page to show a final plan. Finally, the group must consider how realistic 

their plan is by considering effects on the environment and all parties involved, economic 

feasibility, and possibility of public acceptance. The complete instructions and answer 

sheet can be found in Appendix B. 

This project re-emphasizes safe yield (a concept of goal one) and goal three, and it 

teaches goal two, conflict resolution. The project is designed to demonstrate how 

difficult it is to come to consensus about water issues when multiple players are involved. 

Although the setting does not attempt to replicate a political process, it does demonstrate 

the varying interests between users and possible points of tension or conflict. Students 

may find it difficult to achieve safe yield in this activity, so discussion regarding the 

difficulty in the real world should be included. 

8.3 Control Case Studies 

The final exercise consists of two different supplemental projects (see Appendix B). The 

first, climate variability, requires a new look at the students' water management plans in 

light of different climate scenarios. The students are asked to see if their plan still meets 



92 

safe yield with different levels of streamflow, and if not, how to address this problem. 

This question pays particular attention to the important concept climate variability (from 

goal one). This activity is designed not only to make sure students are aware of the 

effects of climate but also to show the need for plans to be robust. 

The second case study is an alternative look at a water management plan, focusing on 

supply-side rather than demand-side management. It asks the user to vary the supply and 

waste water treatment controls to see their effects on the system and whether these 

options can meet safe yield at an acceptable financial and environmental cost. This case 

study is an extension of the implications of management alternatives, goal three. Its main 

purpose ~s to differentiate between implications of supply-side and demand-side 

management. The control case studies are the capstone project for model users. 

8.4 User's Manual 

The User's Manual is not an actual activity for students but rather a compilation of 

material that should assist an instructor in teaching the model or an individual learner in 

operating and benefiting from the model. It can be found in its entirety in Appendix B. 

Figure 8.3 shows the topic page: 



Topics 

• Instructions for model operation 

• Model background 

• Recommendations for model use 

• How to interpret graphs 

• Example of changing inputs/outputs 

• Definitions 

• Teacher's Guide 

• Discussion Guide 

Figure 8.3 User's Manual Topics 

••• •••• ••••• •••• ••••o ••• •••• 61 
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The manual contains specific instructions for software and model operation with screen 

captures of the model. It also contains a summary of the background of the model, 

explaining its goals and components. There are recommendations for using the model 

and pointers on how to properly interpret the results, including how to read graphs. An 

example of how to change an input and interpret the effect is also provided. A discussion 

of important concepts and model terms follows. Finally, suggestions for teachers and a 

guide to important discussion questions are included. This manual contains all the 

information that is critical to operating and teaching the model and should serve as a 

reference for those who request the model. The Teacher's Guide and an example subject 

discussion are shown below: 



Teacher's Guide 
• Spend some time familiarizing yourself with the model. 
• Suggested class activities 

• Model background and instructions (15-30 min) 
• Introductory Questions (60-75 min) 
• Discussion (10 min) 
• Water Management Project (60 min) 
• Discussion (20-30 min) 
• Control Case Studies (if desired) 

••• •••• ••••• •••• ••••o ••• • • e, 

• If your class is more advanced, you may choose to do the Water 
Management Plan and Project as a group activity. Run the model 
on a projector, and take suggestions. Input these and show the 
results. This serves as a more interactive discussion piece. You 
may want to have parts of the class represent different interests, i.e. 
environment, development. 

• See links to all these materials in 'Supplementary Information' 
• Feel free to pick and choose from and within the available 

materials. 

Figure 8.4 User's Manual Teacher's Guide 

Hydrologic Effects 

• Pumping more groundwater can make a river 
become a losing reach 

••• •••• ••••• •••• ••• • ••• .. ... 
$ 0 

• Population growth means more reclaim available for 
use or recharge/discharge 
• BUT reclaim will not be limitless 

• Using more reclaim prevents recharge to aquifer 
and discharge to stream 
• Decreases renewable groundwater supply 
• May not meet in-stream flow goals 

• Using more surface water leaves less in-stream 

Figure 8.5 User's Manual Discussion Guide (partial) 
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9 EVALUATION RESULTS 

This model was evaluated in three settings, Spring and Fall 2005 classes of HWR 203: 

Arizona Water Issues, and the Fall 2005 Pima County Master Watershed Stewards class. 

The evaluation consisted of a pre-test before all model-related instruction and a post-test 

at the conclusion of all activities and discussion. The pre- and post-test were designed 

based on standard survey and evaluation principles and reviewed by the SARRA 

Educational Coordinator, Carla Bitter, for clarity and their ability to measure success 

based on the project goals and objectives. The final evaluation tool and complete results 

for all evaluations are found in Appendices D and E. 

9.1 Spring 2005: HWR 203 

The Spring 2005 implementation of the model piloted the preliminary version of the 

model and was designed and evaluated to assist in identifying model and exercise 

additions and refinements. The evaluation tool used differed slightly from the final 

version used in Fall 2005 (see section 9.2). The original evaluation contained a self

assessment of ten specific concepts, six of which are the same in the final evaluation (Part 

I 1, 2, 3, 4, 5, and 7 on the final evaluation). In addition, knowledge was directly 

assessed on four of these topics (Part II questions 1-3 and 5). A five statement agreement 

section attempted to gauge some overall effects of model use. Three of the statements are 

the same as in the final version (Part III 1, 4, and 5). In addition, the post-evaluation 

included questions to measure effectiveness and enjoyment of model use, as well as an 

open comment section (Part IV 1, 2, 4 and comments 1-3). 
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The evaluation results were measured as an entire sample, as well as using the sub-

sample of participants who filled out both the pre- and post-test, which gives some 

indication that this subsample attended the entire project. In this implementation in the 

class of 55, the entire project consisted of an introduction, the introductory questions, and 

the water management plan. Frequencies of response were tabulated for each question 

and means were calculated for the self-assessment of understanding and statement 

agreement. 

Student self assessment 

The self-assessed understanding increased for all ten concepts, regardless of which 

sample is used. The following table summarizes the results for the pre-test post-test 

subsample (n=27). Topics highlighted in bold are also on the final evaluation. 

Table 9.1 Understanding Self Assessment: Pre and Post Only (n=27) 

nderstanding of Topic (1-5) 

Average understanding of topic. l=No Understanding, 3 = Average Understanding, 5=Exceptional 
Understanding 
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Results demonstrate that although there was improvement in every concept, certain 

concepts would benefit from more emphasis, including consumptive use, population 

impacts, surface water - groundwater interactions, and conservation alternatives. These 

concepts were noted for increased attention in discussion and supplementary materials. 

(Note that of the four concepts not included on the final evaluation, the last three were 

considered peripheral to the goals and objectives of the project. Sustainable yield was 

used originally but switched to a more appropriate term, safe yield, in the final 

evaluation.) It is possible the population impacts did not see much improvement owing 

to the already high understanding indicated on the pre-test. Post-test results indicate 

above-average understanding for all concepts. 

Specific content knowledge based assessment 

A caveat for the impressive preliminary self-assessment results is that the direct 

knowledge assessment of four of those concepts was not as notable. No statistically 

significant difference in knowledge was identified between pre- and post- test in the 

subsample that took both tests. Overall results for water sector use (Part II Q 1) were 

nearly the same for both tests with 72% of students indicating the correct answer both 

times. Results for surface water - groundwater connections ( similar to Part II Q2) 

improved slightly, with an additional 10% identifying gaining and losing reaches as a 

correct answer. However, the prevalence of the belief in underground rivers and lakes 

was not removed. Consumptive use (Part II Q3) comprehension showed a modest 

improvement, with 15% more people identifying the correct answer and a similar decline 
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m wrong answers. Finally, uses of reclaimed water (similar to Part II Q5) showed a vast 

improvement (nearly 50%) in identification of agriculture as a user of reclaimed water. 

However, identification of aquifer and stream recharge as a use of reclaimed water was 

only grasped by a small group of additional students. These results indicate that more 

attention needs to be paid to surface-groundwater interactions, the definition of 

consumptive use, and the environmental uses of reclaimed water. 

General issue knowledge 

Evaluation of overall benefits of the project was inconclusive. A negligible improvement 

was seen for four of the statements and in the last statement, personal water conservation, 

the level of agreement actually\decreased slightly (Table 9.2 (statements in bold are the 

same as on the final evaluation)). 

Table 9.2 Statement Agreement Pre and Post Only (n=27) 

Statements: 

The only way to accommodate growth is to find 
new supplies 
Conservation alternatives are an effective 
method of addressing water problems 

Overall (Pre-test) Overall (post
test) 

Meant Meant 

2.96 3.19 

3.67 3.78 

Average agreement with statements. !=Strongly Disagree, 2=Disagree, 3 = Neutral, 4=Agree, and 
5=Strongly Agree 
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However, these statements reflect secondary benefits of the modeling exercise and are 

not a direct gauge of the success of achieving the goals of this project. For this reason, 

the statements in Table 9 .2 that are not bold were replaced. The other three statements 

were retained in the hopes that better results in knowledge might lead to secondary 

benefits and improvements in these categories. The high numbers on the pre-test for the 

Arizona water problem and personal conservation may also contribute to the lack of 

improvement. 

Model assessment 

On the post-evaluation, 93% of students indicated that the model improved their 

understanding of class concepts and 61 % of students felt that the model had above

average effectiveness. However, the average enjoyment of the project only had a mean 

of 2.86, which lies between very enjoyable and fairly enjoyable. Only 30% of students 

showed enjoyment above fair. Although the students might not have liked the exercise, 

they still felt that they learned from it. An effort was made to make the model exercises 

more enjoyable in the next application. 

The comments about the model were very positive. Numerous students indicated that 

they liked using computers, group work, and the hands-on and interactive nature of the 

activities, and in particular, the role-playing. Many students also enjoyed gaining a better 

understanding of the complex water issues. Comments for more explanation and other 
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changes included Powersim issues that have since been resolved, instruction issues that 

emphasized spending more time on everything and clarifying activities and meaning, and 

a few concepts that required more explanation including conservation alternatives and 

groundwater-surface water interactions. The instruction deficiencies and concept 

clarifications were noted for improvement, and the supplementary materials were refined 

accordingly. Classroom instruction was partially specific to this implementation, but 

many issues were addressed by the development of a User's Manual. 

9.2 Fall 2005: HWR 203 

The evaluation tool used for the Fall 2005 HWR 203 class can be found in Appendix D. 

This class has an enrollment of 45. However, only 28 students attended the session for 

the pre-test sample and 26 completed the post-test. A common group of seventeen 

students completed both the pre- and post-tests. This implementation consisted of an 

introduction, the introductory questions, the water management plan, a demonstration of 

the climate variability case study, and an optional extra credit homework of the supply 

case study. Sporadic attendance caused difficulty in sequential instruction of the model, 

as some people missed earlier exercises or instructions for later exercises. However, 

despite these setbacks, evaluation results were extremely positive. 

Student self assessment 

The overall sample self assessment of nine important concepts (goal one) increased 

anywhere from 0.57 to 2.21 points on a 5 point scale, or increases between nine and 
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thirty-nine percent. The subsample that took both the pre- and post-tests had statistically 

significant increases in every topic (Table 9.3). 

Table 9.3 Concept Understanding Pre and Post Only (n=20) 

Overall (pre-test) Overall (post-test) 

Topics: Mean1 Mean1 

Paired T-Test 
(one-tail 

p 

Part I; l=No Understanding, 3 = Average Understanding, 5=Exceptional Understanding 

Results in Table 9.3 show that the mean response for all questions increased by an 

average of 1.28 points. A one-tailed t-test was completed on each question to determine 

if the difference is beyond random variability. All improvements were statistically 

significant at a 99% confidence interval (p<O.O 1 ). 

Because climate variability is such an important topic, an entire exercise was planned to 

be devoted to it. However, due to the time that was necessary to bring all students to a 
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common level, this full activity was not included and climate variability was only 

considered briefly. This limited exposure is likely the reason that climate variability had 

the lowest statistical significance, while the gains in the other questions are categorized as 

either very or extremely significant. 

Post-test self-assessment understanding in the above-average range for every topic 

demonstrates that students learned the intended concepts. Understanding of water use by 

sector was rated lowest on the pre- and post-tests. The low post-exercise results may 

simply be reflective of the students' background knowledge, but it may also indicate 

either the rather vague wording of the topic or possibly a lack of understanding of the 

'big picture' water issues. Regardless, the statistically significant increases show that 

comprehension has improved. 

Specific content knowledge based assessment 

The actual knowledge assessment multiple-choice questions also showed positive gains 

(Appendix E Tables EIII7-15). These improvements reflect the learning that took place 

from modeling exercise and, it is hypothesized, an improvement in materials and class 

structure from the preliminary implementation in Spring 2005. The post-exercise results 

are for the overall sample, as the complete sample best addresses the knowledge gain for 

the class. Each question showed improvement, often in multiple ways. The percent who 

expect the residential sector to have the biggest increase in water use in Arizona in the 

future (Appendix E Table EII.7) rose from 75 to 88.5, while the incorrect response of 
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agriculture decreased from 21.4% to 11.5%. The percentage of students choosing 

gaining and losing reaches as the connection between surface and groundwater 

(Appendix E Table EII.8) increased from 14.3 to 65.4, and those who knew they were 

connected but did not know how decreased from 46.4% to 3.8%. However, people 

choosing underground rivers and lakes was still 32.0% percent on the post-test, although 

it did decrease from 39.3% on the pre-test. This incorrect notion was not mentioned in 

the model, but it is obviously a fairly strongly held belief that should probably be 

addressed and countered in the future. 

The percentage of students choosing the correct definition for consumptive use 

(Appendix E Table EII.9 and Figure 9.1), water not returned to the system, increased 

from 28.6 to 84.0. This important result is a critical concept that is necessary to 

understand water issues. Incorrect responses also declined significantly. 

80.8% of respondents answered that the legal definition of safe yield (Appendix E Table 

Ell.IO and Figure 9.2) is when groundwater extraction is less than or equal to recharge, 

up from 40.7%. The incorrect responses of 'when there is water in a river' and 'water 

supply > water demand' also declined to zero or near-zero. 
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Figure 9.1 Consumptive Use Results 
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Comprehension of current or potential uses of reclaimed water (Appendix E Table EII.11 

and Figure 9.3) was lower than expected. None of the response differences in the pre-test 

post-test subsample were statistically significant using a paired t-test. The key responses 

were that in the overall sample only 26.9% identified drinking water on the post-test, 

which could be due in part to the fact that this option was not covered during class time 
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and was assigned as an extra credit homework. Also, aquifer and stream recharge as a 

reclaimed water use was only identified by 57.7% on the post-test, up from 42.9% on the 

pre-test. Although this increase is probably statistically significant, it is not as high as it 

could be and we would like, considering the emphasis on reclaimed use in the model and 

supplementary materials. These results may simply indicate that water reclamation and 

reuse is a difficult concept to understand, or possibly that more schematics of the region 

are needed to illustrate the process. 

What are current or potential uses of reclaimed 
water? 

100 
11 Pre-Test - 80 s:: 

(I) 
(.) 60 I.. 
(I) 

C. 
'O 40 
c6 

20 > 
0 

Agriculture Drinking Turf Irrigation Aquifer and 
Irrigation Water Stream 

Recharge 

Figure 9.3 Reclaimed Water Results 

Although the concept of consumptive use was understood, the consumptive use question 

(Appendix E Table Eil.12) also provided mixed results. The percent correctly identifying 

agriculture as the sector highest in consumptive use rose from 21.4 to 34.6, while the 

percent incorrectly identifying residential declined from 42.9 to 38.5. However industrial 

use answers rose from 7 .1 to 19 .2%. Thus, the students know what consumptive use is 

(Appendix E Table EII.9) but they seem to be less able to correctly identify its real-world 

application. Consumptive use was one of the first concepts addressed in class and the 
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supplementary materials, so the knowledge could have been forgotten over the next three 

class periods. Given its importance, this concept may require more emphasis throughout 

the model. 

Results demonstrate that students learned more about conservation alternatives 

(Appendix E Table EII.13 and Figure 9.4), but were also confused about some of the 

differences between traditional and more water-efficient devices. Fixture retrofits were 

identified as a positive measure by 84.6%, up from 48.1 % on the pre-test, and the percent 

identifying drip system irrigation increased from 74.1 to 88.5%. However, 61.5% 

identified top-loading washing machines as a conservation alternative, up from 29.6% on 

the pre-test. The model demonstrates that front-loading washing machines are a 

conservation device, so students may simply have seen 'washing machine' and not 

thought enough about it. This is a point of confusion that should be clarified in the 

future. Also, turf watering answers increased from 11.1 to 19 .2%. This result may have 

been caused by a similar logic as washing machines. Turf watering is discussed in the 

model, but it is not related to conservation. However, it is often associated with 

reclaimed water, which is to some extent a conservation alternative, and may have been 

part of the thought process for that answer. 
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Again, climate variability was not fully addressed in class, but the results were still 

positive (Appendix E Table EII.14). People answering that climate variability always 

affects the water budget increased from 53.6 to 69.2% and people who answered 'ifthere 

is a drought' increased from 14.3 to 23.1%. Although drought is not the only time the 

water budget is affected by climate, this indicates that people learned that drought does 

have an effect, and many people more correctly learned that the climate always affects 

the water budget. 

The final knowledge question, 'why is it good to have sufficient flow in a river,' 

(Appendix E Table EII.15 and Figure 9.5) showed fairly positive results. 96.2% of 

students on the post-test identified 'to maintain riparian health,' up from 60. 7%. 'To 

allow for recreation' showed no significant increase, with a post-test response of 50.0%. 

On the post-test, only one person identified 'it is not necessary.' However, the percent 

identifying 'to provide ecosystem services' decreased from 78.6 to 64.0%. These results 
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are probably based on the fact that flow in the model was often considered in relation to 

riparian areas rather than ecosystem services. Although recreation and ecosystem 

benefits are mentioned on a model page and on an introductory question, they were not 

emphasized in class and probably were not read thoroughly by most of the students. 

Nevertheless, it is very positive that the students identify a need for sufficient flow in the 

nver. 

Why is it good to have sufficient flow in a river? 
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To Maintain To Allow for It Is Not To Provide 
Riparian Recreation Necessary Ecosystem 
Health Services 

Figure 9.5 Instream Flow Results 

Throughout clarity in presentation and in terminology appears to be critical for learning 

specific concepts. A significant effort was made between the spring and fall offerings to 

improve model interfaces and support materials. Generally, this effort was positive but 

further improvements appear possible. 
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General issue knowledge 

The statement agreements were also analyzed for the overall sample and the pre-test post-

test subsample. A paired t-test on the subsample shows statistical significance on a 95% 

confidence interval (p<0.05) for each category except the first (Table 9.4): 

Table 9.4 Statement Agreement Pre and Post Only (n=20) 

Pre-Test Post-Test 

Statements: Mean 1 Mean1 

Part III 

Paired T-Test 
One tail) 

p 

1 Average agreement with statements. 1 =Strongly Disagree, 2=Disagree, 3 = Neutral, 4=Agree, and 
5=Strongly Agree 

It is not surprising that there was no statistical increase for agreement that there is a water 

problem in Arizona since there already was agreement in the pre-test and this class is 

called Arizona Water Issues. The second and third statements are goals two and three for 

the model. These questions attempted to measure the 'big picture' education of the 

project. Both of these show positive results, where students agree that they understand 
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some implications of water management alternatives, conflicts between users, and ways 

to solve them. The fourth and fifth statements were more assessments of what 

behavioral changes students might make outside the classroom and are not directly 

related to the project goals. Preparedness for participation in a political process is only a 

significant increase with a one-tailed t-test and not with a two-tail, indicating that the 

result is not particularly robust. The increase in students planning to practice 

conservation at home is an indicator that students learned the consequences of their 

actions, but does not actually prove that their behavior will change. However, responses 

to these last two statements do help demonstrate an understanding of the 'big picture' of 

water. 

Model assessment 

In addition to the positive results for all previous evaluation components, 84.6% of 

students felt the model improved their understanding of class concepts (Appendix E 

Table EII.4), and 73% of students felt the model had above-average effectives (Appendix 

E Table EII.2). 96.2% of students indicated the user-friendliness of the model was 

between fair and extreme, with a mean around very user-friendly (Appendix E Table 

Eil.3). Again this semester, class enjoyment of the project was less than desired 

(Appendix E Table Ell. I), with a mean of fair enjoyment. However, this mean is a little 

skewed owing to 19.2% (five students) who indicated that they did not enjoy the project 

at all. It may be possible to attribute those responses to the fact that the instruction was 

not as smooth as it should have been due to the poor class attendance. Explanation of the 
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model features and some of the activities was broken-up and missed by many students. It 

is crucial that attendance be high during the implementation of this model for the best 

possible results. 

The comment section also provided positive feedback (Appendix E). Again, students 

indicated that they liked using computers, the ability to change things and see immediate 

results, and the general interactivity of the project. Most of the negative comments 

reflected instruction of the model, specifically related to model operation, activity 

explanation, and time allotted. Many of these responses can again be attributed to the 

poor attendance, resulting in some people missing instruction, and too much time being 

spent playing catch-up rather gaining more depth in certain areas. It becomes evident 

that instruction is crucial to the success of this model. An instructor who will use this 

tool must make a commitment to familiarize themselves with the model and require 

attendance and participation from all students. 

9.3 Fall 2005: Master Watershed Stewards 

The model underwent one implementation in an outreach setting; the Fall 2005 Pima 

County Master Watershed Stewards Class. During a four-hour workshop, participants 

completed the introductory questions and a slightly altered version of the water 

management plan. The class was broken up into groups, and each group developed a 

plan as a specific role. The class was then brought together to negotiate an overall water 
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plan. As in the HWR203 sections, time ran out before climate variability could be 

covered. This preliminary outreach implementation provided better estimates of the time 

needed to use the model in an outreach setting. 

Master Watershed Stewards is a volunteer program that caters primarily to older people 

who are interested in learning about water and making a difference in their watershed. 

The students are generally much more mature with a broader life experience than those in 

the undergraduate classes. Prior to the modeling exercise this class spends ten weeks 

focusing on a variety of water resource concepts. The goal in this application was to use 

the model to effectively bring all the information together and communicate 'big picture' 

management alternative concepts. It was assumed and verified through pre-evaluation 

that the class already had a very good understanding of the hydrologic concepts in goal 

one of the project. 

However, comparing pre- and post-evaluations, statistically significant increases (p<.05) 

occurred in five of the nine concepts; population impacts, surface water-groundwater 

interactions, water use by sector, safe yield, and conservation alternatives (Table 9.5). 

The actual knowledge assessments also showed significant improvement in three of those 

categories. The percent correctly selecting gaining and losing reaches as the connection 

between surface and groundwater rose from 80 to 100 (Appendix E Table EIII.8 ), and 

the percent correctly defining safe yield rose from 77.8 to 100 (Appendix E Table 

EIII.10). In addition, the correct definition of consumptive use was selected by 91.2% on 
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the post-test, up from 45% on the pre-test (Appendix E Table EIII.9). These results 

demonstrate that in certain areas of the curriculum, this model can contribute to specific 

concept understanding. 

Table 9.5 Concept Understanding Pre and Post Only (n=8) 

Overall (pre-test) Overall (post-test) 

Topics: Mean1 Mean1 

Paired T-Test 
(one-tail 

p 

Owing to the overwhelmingly high responses on the statement agreement section, there 

were no statistically significant increases from the pre-test to the post-test at the 95% 

confidence level, although there were increases in every category (Appendix E, Tables 

EIII.16 and EIII.17). Despite the fact that some of this project was repetition for the 

class, 92% felt the model improved their understanding of class concepts (Appendix E 

Table EIII.4) and 92% also rated the overall effectiveness as above-average (Appendix E 
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Table EIII.2). In addition, the class indicated that they very much enjoyed the project 

(Appendix E Table EIII.1 ). 

The comment section for the MWS class was perhaps the most useful gauge of the 

project benefits. Many people identified the ability to see results instantaneously and the 

group role-playing. In addition one person wrote that they most enjoyed "experiencing 

the big, complicated picture of water needs, use, and conservation," a very good 

unsolicited summation of the overall project goal. Participants also offered some helpful 

suggestions for improvements of the model and were interested in learning about 

background assumptions. Nine of the twelve respondents who filled out the post

evaluation indicated that they would share the model with someone. 

Two additional comment sections were included on the MWS post-evaluation according 

to workshop evaluation requirements. Participants listed two things they learned in the 

workshop, and these focused heavily on conservation and the difficulty of negotiating a 

water budget across sectors. Participants also listed one thing they would do as a result 

of this workshop. Responses included personal water conservation and being more 

understanding of the different sectors' needs. Two participants indicated that they would 

use the model more. 

These results show an improved understanding of some concepts in goal one, and the 

comment section qualitatively indicates that goals two ( conflict resolution) and three 
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(management alternatives) were also met. This shows promise for more and improved 

implementation in outreach programs. 
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IO DISCUSSION 

Limitations in the implementation and evaluation of the model include small sample sizes 

that may be biased depending on who turned in the evaluations and the lack of 

demographic data related to evaluations. Factors such as prior education and self-interest 

or environmental awareness may affect the outcomes of this model. All of the 

implementations were limited by time and were not fully completed, and only one 

implementation was in an outreach setting, so there was no room to make or evaluate 

revisions. It is also impossible to expand from our sample to the general population 

because of the limited implementations. Nonetheless, the results demonstrate how the 

objectives outlined in Chapter 3 have been met. 

The main goal of this project was to develop 'big picture' water-system educational tools 

that are useful to a wide and diverse audience of college students and the general public, 

delineating by six more specific goals. The first through third goals, to give students 

understanding of specific concepts related to hydrology and water resources 

management, to give students understanding of options for conflict resolution, and to 

teach students the system-wide implications of water management and policy 

alternatives, were firmly met as shown by the evaluation results discussed previously. In 

addition, answers to the HWR 203 introductory questions were reviewed and found to be 

mostly correct, indicating broad comprehension of this self-paced activity. A few areas 

of confusion were easily cleared up with limited discussion. The water management 
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exercise was also successful, especially in the first HWR 203 implementation, when 

students had more time to complete the activity. Within their role playing groups, all 

students were able to use the model to develop a plan that met safe yield while also 

discussing stakeholder impacts and environmental effects. 

Goal four, to provide supplementary materials to assist in the teaching of the model, was 

met through material development and use in both HWR 203 and MWS. The links to the 

materials are not currently available on the internet, but they are being distributed with 

the model on CDs. Future use of the model and materials will lead to continued 

refinement of these resources. 

Goal five, to provide a user-friendly educational tool that can be taught in both university 

classrooms and public outreach settings, is closely linked with goal four. The tool was 

taught in both settings, and class evaluations reflected the user-friendliness of the model, 

meeting goal five. 

The sixth and final goal, to provide an educational model that is accessible to a wide and 

diverse audience through the internet, has not quite been met. The model has not been 

converted for internet access as yet, but this process is underway. In the meantime, the 

model is available for distribution as a CD and will also be downloadable from the 

SARRA and MWS websites. 
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11 CONCLUSIONS 

This project was designed to fill a gap in water resource education by addressing 'big 

picture' and overall system relationships. The goals were to give students an 

understanding of specific hydrologic concepts, options for conflict resolution, and 

system-wide implications of water management alternatives. In addition, the project was 

to provide supplementary materials, a user-friendly tool for universities, outreach settings 

and the general public through educator mediated sessions and the internet. 

The model was developed originally to help tie diverse concepts together in an 

undergraduate, general education course called Arizona Water Issues - HWR 203 and 

was refined in the context of an adult "Masters" outreach program in Watershed 

Stewardship. These two venues also served as the primary outlets and testing grounds for 

the model. Based on these implementations, all major goals of this project have been met 

to some extent, with only the internet-hosting still to come. A good example of the 

challenges of this project can be seen in how some students in the Fall 2005 HWR 203 

class had low attendance and were difficult to engage. However, the success of the 

model in the class as shown by evaluation results demonstrate that not only does the 

model meet the overall 'big picture' goal, but it also provides an alternative learning 

technique that can engage a variety of users who may not respond well to traditional 

teaching formats. Thus the benefits of the model are two-fold, because it helps provide 
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hydrologic literacy and connects with an audience that may otherwise have been 

disengaged. 



120 

12 FUTURE WORK 

As with any educational tool, it is always possible for more complexity to be added, but 

increasing content risks losing depth and user understanding. With this in mind, the most 

important addition to model content would be a strong economic component that would 

tie economic consequences or benefits to every action available. Inclusion of this 

component would allow for a more complete cost-benefit analysis and allow users to 

evaluate their decisions in a more realistic context. 

The most important work left to be done on the project as a whole is to finalize transfer to 

the internet to facilitate distribution. Enhanced interfaces with graphics and inquiry tools 

could also help decrease dependence on instructor-led use and may increase user 

enjoyment, which was one of the lower scores on the evaluations. In addition, increasing 

distribution of this model is important, as it has been shown to be a very effective 

learning tool. More contacts should be made with university instructors, environmental 

groups, and ideally the general public such as water utility customers. Expanding use of 

the model to K-12 would also be beneficial. Materials for use in high school settings 

would not need to differ greatly from those produced for the university and outreach 

programs, and materials for lower grades could be created with minimal time 

commitment from someone familiar with educational standards. 
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This model was recently translated to Spanish and implemented in a graduate level water 

management class at Colegio de Sonora in Hermosillo, Mexico, in cooperation with the 

University of Arizona Udall Center for Public Policy. Students in this class were very 

concerned with whether or not the law allowed certain options, which is not a component 

of the model. They also took a different approach than United States learners and in the 

Water Management Project, drew up plans before testing them on the model. These 

different concerns and learning styles demonstrate that more research into the learning 

environment is needed in order to most effectively implement the model in a relevant 

way. Pursuing distribution in Mexico would be an exciting area for future model 

revisions and delivery methods. 
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APPENDIX A: MODEL CALCULATIONS AND VARIABLES 

The following are the equations upon which the model is based. Any variable that is not 

defined is a constant (see table following calculations). Italics indicate model switches 

and controls. Note that some auxiliary variables in the model have not been defined 

explicitly here, but rather combined into broader equations. 

Supplies 

1. Tribal (afy) = input 
2. Import (afy) = whichever is less: 

a. Import Rate (afy) = f(Imported Water Switch and/or Direct Input) 
b. Total Demand (afy) - Tribal (afy) 

3. Direct Treatment Effluent (afy) = whichever is less: 
c. Return to Potable Supply (afy) 
d. Total Demand (afy) -Tribal (afy)- Import (afy) 

4. Streamflow (cfs) = f(Flow Switch, climate scenarios, and/or Flow Override) 
5. Flow Capture (afy) = whichever is less: 

e. [Streamflow (cfs) * [1- Losing Rate(%)] - Instream Flow Requirement 
(cfs)] * Percent Capture Allowable(%) 

f. Total Demand (afy) - Direct Treatment Effluent (afy) - Import (afy) -
Tribal (afy) 

6. Elevation (ft) = f(Reservoir) 
7. Surface Area (acre)= f(Reservoir) 
8. Precipitation Rate (afy) = Precip (in/yr)* Surface Area (acre) 
9. Evaporation Rate (afy) = Evaporation (in/yr)* Surface Area (acre) 
10. Reservoir ( af) = Initial Volume ( af) + dt* Flow into Reservoir ( cfs) - dt* Flow at 

Dam ( cfs) - dt* Diversion Rate - dt* Evaporation + dt* Precipitation 
11. Flow into Reservoir ( cfs) = f(Flow Switch, climate scenarios, Average Reservoir 

Inflow) 
12. Max Withdrawal (afy) = [Flow into Reservoir (cfs)- Minimum Flow (cfs)

Evaporation (afy) + Precipitation (afy) + [Reservoir (af) - Reservoir Min (af) ]] I 
TIMES TEP 
Where: 

g. Minimum Flow is given or inputted 
h. Reservoir Min is a function of the minimum conservation level 

13. Min Withdrawal (afy) = [Flow into Reservoir (cfs) + Precipitation (afy) -
Evaporation (afy) - [Reservoir Max (af)- Reservoir (af)] I TIMESTEP 



Where: 
i. Reservoir Max is a function of the dam height 
j. Min Withdrawal is for both Flow at Dam and Reservoir Diversion 

14. Reservoir Diversion (afy) = f(Reservoir Control) 
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k. = If [[Total Demand (afy)-Tribal (afy) - Import (afy)- Direct Treatment 
Effluent (afy) - Flow Capture (afy)] > Max Withdrawal (afy), Max 
Withdrawal (afy), Total Demand (afy) - Tribal (afy) - Import (afy) -
Direct Treatment Effluent (afy) - Flow Capture (afy)] 

1. = Override Diversion Rate (afy) 
m. = 0 (afy) 

15. Flow at Dam (cfs) = If [Min Withdrawal (afy) > Diversion Rate (afy), Min 
Withdrawal (afy)- Diversion Rate (afy), Minimum Flow (cfs)] 

16. Aquifer (at)= Initial Aquifer Volume (at)- dt* Extraction Rate (afy) + dt* 
Agriculture Recharge (afy) + dt* Natural Recharge (afy) + dt* Turf Recharge 
(afy) + dt* Aquifer Recharge (afy) * Controlled Recharge Percent(%)+ dt* 
Gaining Rate (cfs) + dt* Residential Irrigation Recharge (afy) + dt* Stream 
Recharge (afy) + dt* Industrial Recharge (afy) - dt* Aquifer Evaporation (afy) + 
dt* Import Excess Recharge ( afy) 

17. Gaining Rate ( cfs) = If [ Aquifer ( at) > Loss Volume ( at), S treamflow ( cfs) * Loss 
Rate(%), 0 (cfs)] 
Where: 

n. Loss Volume ( at) = given value at which stream becomes losing 
o. Loss Rate(%)= average percent ofbaseflow from groundwater 

This is the portion of streamflow that arises from groundwater (gaining reach). 
This is also equivalent to the Losing Rate ( cfs) from the stream when the aquifer 
is less than the loss volume. In other words, in that scenario, the stream does not 
receive the portion of its baseflow due to groundwater if the water table drops 
below the streambed (losing reach). This is a simplification of surface -
groundwater connectivity. 

18. Stream Return Recharge (afy) = [Stream Return+ Inter Flow] * Stream Recharge 
Rate(%) 

19. Import Excess Recharge (afy) = If [Import (afy) < Import Rate (afy), Import Rate 
( afy )- Import, 0 ( afy)] 

20. Extraction Rate (afy) = Total Demand (afy) - Tribal (afy) - Import (afy) - Direct 
Treatment Effluent (afy) - Flow Capture (afy) - Reservoir Diversion (afy) 

21. Inter Flow (cfs) = Streamflow (cfs) * [1- Loss Rate(%)] - Flow Capture (cfs) 
22. Downstream Flow (cfs) = [Inter Flow (cfs) + Stream Return (cfs)] * [!-[Stream 

Recharge Rate(%)+ Stream ET(%)]] 
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Demands 

Population and Households 

23. Population (p) = Initial Population (p) + dt* [Population (p) * Growth Rate (%) I 
TIMES TEP] 

24. Households (houses) = Population (p) I Persons Per House (p/house) 

Agriculture 

The following calculations are for alfalfa, but are representative of the other crops except 

where noted subsequently: 

25. Alfalfa Acres (acres) = Alfalfa Initial Acres (acres) * [ 1 - Percent Acres Retired 
(%)] 

26. Alfalfa Water Demand (afy) = Alfalfa Acres (acres)* Alfalfa Water Use 
(afy/acre) I Agriculture Efficiency(%) 

27. Alfalfa Effluent Used (afy) = Total Effluent Used* Alfalfa Water Demand (afy) I 
[Alfalfa Water Demand (afy) + Cotton Water Demand (afy) + Wheat Water 
Demand ( afy)] 

28. Alfalfa New Demand (afy) = Alfalfa Water Demand (afy)-Alfalfa Effluent Used 
(afy) 

29. Alfalfa Total Cost (USD/yr) = Alfalfa New Demand (afy) * New Water Cost 
(USD/af) + Alfalfa Effluent Used (afy) * Effluent Cost (USD/af) + Alfalfa Acres 
(acres) * Alfalfa Acre Cost (USD/acre/yr) 

30. Alfalfa Revenue (USD/yr) = Alfalfa Acres (acres) * Alfalfa Yield (ton/acre/yr) * 
Alfalfa Price (USD/ton) 

31. Alfalfa Profit (USD/yr) = Alfalfa Revenue (USD/yr)-Alfalfa Cost (USD/yr) 

All wheat equations are the same. 

Cotton is the same with the following exception: 

32. Cotton Revenue (USD/yr) = [Cotton Acres (acres)* Cottonseed Yield (lb/acre/yr) 
* Cottonseed price (USD/lb)] + [Cotton Acres (acres)* Lint Yield (lb/acre/yr)* 
Lint Price (USD/lb )] 

Lettuce is the same with the following exceptions: 

33. Lettuce New Demand (afy) = Lettuce Water Demand (afy) 
*Effluent is not used on lettuce 



34. Lettuce Revenue (USD/yr) = Lettuce Acres (acres)* Lettuce Yield 
( count/acre/yr) * Lettuce Price (USO/count) 

All of the above crops contribute to the following aggregate agriculture equations: 

35. Total Water Demand (afy) = [Alfalfa Water Demand (afy) + Wheat Water 
Demand (afy) + Cotton Water Demand (afy) + Lettuce Water Demand (afy)] 

36. Total Effluent Desired (afy) = Total Water Demand (afy) * Percent Acreage 
Using Reclaim (%) 

37. Total Effluent Used (afy) = f(Total Effluent Desired, WWTP Rules) 
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38. Total New Demand (afy) = Total Water Demand (afy) - Total Effluent Used (afy) 
39. Agriculture Recharge (afy) = Total Water Demand (afy) * Percent Recharge(%) 
40. Farmer Profit (USD/yr) = Alfalfa Profit (USD/yr) + Wheat Profit (USD/yr) + 

Lettuce Profit (USD/yr) + Cotton Profit (USD/yr) 
41. Total Acres (acres)= Cotton Acres (acres)+ Wheat Acres (acres)+ Lettuce Acres 

(acres) + Cotton Acres (acres) 
42. Total Farmer Income (USD) = dt* Farmer Profit (USD/yr) + Total Acres (acres) 

* Percent Acres Retired(%)* Payment per Retired Acre (USD/acre) 

If the Agriculture Override is used, the following equations will be valid: 

43. Agriculture Water Demand (afy) = input 
44. Total Water Demand (afy) = Agriculture Water Demand (afy) * [1- Percent Acres 

Retired (%)] 
45. Total Effluent Desired (afy) = Total Water Demand (afy) * Percent Acres Using 

Reclaim(%) 
46. Total Effluent Used (afy) = f(Total Effluent Desired, WWTP Rules) 
47. Total New Demand (afy) = Total Water Demand (afy) - Total Effluent Used (afy) 
48. Agriculture Recharge (afy) = Total Water Demand (afy) * Percent Recharge(%) 
49. Farmer Profit (USD/yr) = f(Total New Demand, Total Effluent Used, correction 

factors) 
50. Total Retirement Costs (USD) = f(Total Water Demand, Percent Acres Retired, 

Payment per Retired Acre, correction factors) 
51. Total Farmer Income (USD) = dt* Farmer Profit (USD/yr) + Total Retirement 

Costs (USD) 

Industry 

52. Industrial Demand (afy) = Initial Industry Demand (afy) + Industrial Growth 
(afy/yr) * (TIME - STARTTIME) 

53. Industrial Recharge (afy) = Industrial Demand (afy) * Industrial Recharge Rate 
(%) 

54. Industrial Return (afy) = Industrial Demand (afy) * Percent Industrial Returned 
(%) 



Non-residential turf 

55. School Demand (afy) = School Density (schools/p) * Population (p) * Average 
Acres per School (acres/school)* Water per School Acre (afy/acre) 
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56. Park Demand (afy) = Park Density (park/p) * Population (p) * Average Acres per 
Park (acres/park)* Water per Park Acre (afy/acre) 

57. Golf Course Demand (afy) = [Nine Hole Course Density (course/p) * Initial 
Population (p) * 9 (holes/course) + Eighteen Hole Course Density ( course/p) * 
Initial Population (p) * 18 (holes/course)] * Water per Hole (afy/hole) 

58. Private Golf Course Demand (afy) = [Private Nine Hole Course Density 
( course/p) * Initial Population (p) * 9 (holes/course) + Private Eighteen Hole 
Course Density (course/p) * Initial Population (p) * 18 (holes/course)]* Water 
per Private Hole (afy/hole) 

59. Total Turf Demand (afy) = School Demand (afy) + Park Demand (afy) + Golf 
Course Demand (afy) + Private Golf Course Demand (afy) 

60. Turf Effluent Desired (afy) = School Demand (afy) * Percent Schools with 
Reclaim Connection(%)+ Park Demand (afy) * Percent Parks with Reclaim 
Connection(%)+ Golf Course Demand (afy) * Percent Golf Courses with 
Reclaim Connection(%)+ Private Golf Course Demand (afy) * Percent Private 
Golf Courses with Reclaim Connection (%) 

61. Turf Effluent Used (afy) = f(TurfEffluent Desired, WWTP Rules) 
62. TurfNew Demand (afy) = Total Turf Demand (afy) -Turf Effluent Used (afy) 
63. Total Turf Cost (USD/yr) = Turf New Demand (afy) * Turf New Water Cost 

(USD/af) + Turf Effluent Used (afy) * Turf Effluent Cost (USD/af) 
64. Turf Recharge (afy) = Total Turf Demand (afy) * Percent Turf Recharge(%) 

Residential 

Indoor 

Note: Households 1989 and Households 2005 are variables that refer to the number of 

households in those years based on the initial population, growth rate, and persons per 

house. 

65. Toilet Use (afy) = Households 1989 (houses) * Toilet Pre 89 (gal/flush)+ 
[Households (houses) - Households 1989 (houses)] * Toilet Low Flow (gal/flush) 
* Flush per Day (flush/p/day) * Persons Per House (p/house) 

66. Potential Toilet Savings (afy) = Households 1989 (houses)* [Toilet Pre 89 
(gal/flush) - Toilet Low Flow (gal/flush)] * Persons Per House (p/house) * Flush 
per Day (flush/p/day) 
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67. Shower Use (afy) = Households 1989 (houses)* Shower Pre 89 (gal/min)+ 
[Households - Households 1989] * Shower Low Flow (gal/min) * Shower Time 
(min/shower) * Shower per Day (shower/pf day) * Persons Per House (p/house) 

68. Potential Shower Savings (afy) = Households 1989 (houses)* Shower Time 
(min/shower)* Shower per Day (shower/p/day) * Persons Per House (p/house) * 
[Shower pre 89 (gal/min) - Shower Low Flow (gal/min)] 

69. Faucet Use (afy) = Faucet Base (gal/p/day) * Persons Per House (p/house) * 
Households 1989 (houses)+ [Faucet Base (gal/p/day) -Aerator Savings 
(gal/p/day)] * Persons Per House (p/house) *[Households (houses) - Households 
1989 (houses)] 

70. Potential Faucet Savings (afy) = Aerator Savings (gal/p/day) * Persons Per House 
(p/house) * Households 1989 (houses) 

71. Bathtub Use (afy) = Households (houses)* Persons Per House (p/house) * Bath 
Volume (gal/bath) * Bath per Day (bath/p/day) 

72. Dishwasher Use (afy) = Households (houses)* Persons Per House (p/house) * 
Cycle Volume (gal/cycle) * Cycle per Day ( cycle/pf day) 

73. Evaporative Cooler Use (afy) = Households 2005 (houses)* Percent Old Homes 
with Cooler (%) + [Households (houses) - Households 2005 (houses)] * Percent 
New Homes with Cooler(%) * [Percent with Bleed Off(%) * Water Use with 
Bleed Off(gal/hr) + Percent No Bleed Off(%)* Water Use No Bleed Off 
(gal/hr)] * Cooling Season (hr/yr)* Coolers (count/house) 

74. Clotheswasher Use (afy) = Households (houses)* Percent Homes with 
Frontloader (%) * Frontloader (gal/use)* Daily Washes (use/house/day)+ 
Households (houses)* [1- Percent Homes with Frontloader (%)] * Toploader 
(gal/use)* Daily Washes (use/house/day) 

75. New Houses to Purchase Frontloaders (houses)= DELAY [Households (houses) 
* Percent Homes with Frontloader (%)] - CURRENT [Households (houses)* 
Percent Homes with Frontloader (%)] 

76. Retrofit Savings (afy) = [Potential Shower Savings (afy) + Potential Toilet 
Savings (afy) + Potential Faucet Savings] * Market Penetration Rate(%)* 
Retrofit Efficiency (%) 

77. Total Residential Indoor Use (afy) = Toilet Use (afy) + Shower Use (afy) + 
Faucet Use (afy) + Bathtub Use (afy) + Dishwasher Use (afy) + Evaporative 
Cooler Use (afy) + Clotheswasher Use (afy) - Retrofit Savings (afy) 

78. Residential Indoor Water Cost (USD/yr) = Total Residential Indoor Use (afy) * 
Residential New Water Cost (USD/af) 

79. Residential Use to WWTP (afy) = Total Residential Indoor Use (afy) - Gray 
Water Reuse ( afy) 

80. Retrofit Cost (USD) = Households 1989 (houses)* Market Penetration Rate(%) 
* Toilet Density (toilet/house) * Toilet Cost (USO/toilet) + Households 1989 
(houses)* Market Penetration Rate(%)* Shower Density (showers/house)* 
Shower Cost (USO/shower)+ Households (houses)* Market Penetration Rate 
(%)*Faucet Density (faucet/house)* Faucet Cost (USO/faucet)+ Frontloader 



Cost (USD/frontloader)* Households 2005 (houses)* Percent Homes with 
Frontloader (%) 

81. Additional Retrofit Cost (USD/yr) = [New Houses to Purchase Frontloaders 
(houses)* Extra Cost for Frontloader (USD/count)J I TIMESTEP 
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82. Total Retrofit Cost (USD) = Retrofit Cost (USD) + dt* Additional Retrofit Cost 

Outdoor 

83. Gray Water Reuse (afy) = [[Total Residential Indoor Use (afy) I Households 
(houses)] - [Toilet Use (afy) I Households (houses)]] * [Households (houses) -
Households 2005 (houses)]* Percent New Homes with Gray Water Technology 
(%) 

84. Rainwater Harvesting (afy) = Households (houses)* Percent Households 
Harvesting(%)* Collection Area (sf/house)* Collection Rate (gal/sf/in)* 
Collection Efficiency(%) * Rainfall (in/yr) 

85. Pool Use (afy) = Households (houses)* Percent Homes with Pools(%)* 
[Backwash (gal/day/pool)+ [Percent Pools with Cover(%)* Evap with Cover 
(gal/day/pool)+ [l - Percent Pools with Cover(%)] * Evap no Cover 
(gal/day/pool)] + [Percent Pools with Cover(%) * Drain Frequency with Cover 
(I/yr)+ [1- Percent pools with Cover(%)] * Drain Frequency No Cover (I/yr)] * 
Pool Volume (gal/pool)] 

86. Total Irrigation Water Demand (afy) = Households (houses)* Percent Homes 
with Irrigation (%) * [Percent Homes with Drip (%) * Drip Irrigation Area 
(sf/house)* Water Use per Drip Area (af/acre/yr) + Percent Homes with Turf(%) 
* Turf Area (sf/house)* Water Use per Turf Area (af/acre/yr)] I Irrigation 
Efficiency (%) 

87. Effluent Desired (afy) = Total Irrigation Water Demand (afy) * Percent Homes 
with Reclaim Connection (%) 

88. Effluent Used (afy) = f(Effluent Desired, WWTP Rules) 
89. New Irrigation Water Demand (afy) = Total Irrigation Water Demand (afy) -

Effluent Used (afy) - Gray Water Reuse (afy) - Rainwater Harvesting (afy) 
90. Residential Irrigation Recharge (afy) = Total Irrigation Water Demand (afy) * 

Percent Recharge Outdoor Irrigation (%) 
91. Total Residential Outdoor Demand (afy) = Total Irrigation Water Demand (afy) + 

Pool Use (afy) 
92. Residential Outdoor Water Cost (USD/yr) = [New Irrigation Water Demand (afy) 

+ Pool Use (afy)] * Residential New Water Cost (USD/af) + Effluent Used (afy) * 
Residential Effluent Cost (USD/af) 

Overall 

93. Total Residential Demand (afy) = Total Residential Outdoor Demand (afy) + 
Total Residential Indoor Use (afy) 



94. Total Residential New Demand (afy) = New Irrigation Water Demand (afy) + 
Pool Use (afy) + Total Residential Indoor Use (afy) 

95. Residential Water Cost (USD/yr) = Residential Indoor Water Cost (USD/yr) + 
Residential Outdoor Water Cost (USD/yr) 

Waste Water Treatment Plant 
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96. Total WWTP Input (afy) = Residential Use to WWTP (afy) + Industrial Return 
(afy) 

97. Available (afy) = Total WWTP input (afy) * [[1 - [Sludge Loss(%)+ Evap (%)]] 
98. Agriculture Reclaim (afy) = f(Total Effluent Desired, WWTP rules) 
99. Turf Reclaim (afy) = f(TurfEffluent Desired, WWTP rules) 
100. Residential Outdoor (afy) = f(Effluent Desired, WWTP rules) 
101. Aquifer Recharge (afy) = f(Agriculture Reclaim, Turf Reclaim, Residential 

Outdoor, Effluent Control, Reclaim for Potable Use Switch) 
102. Return to Potable Supply (afy) = f(Agriculture Reclaim, Turf Reclaim, 

Residential Outdoor, Aquifer Recharge, Effluent Control, Reclaim for Potable 
Use Switch) 

103.Direct Treatment Effluent (afy) = f(Return to Potable Supply, Reclaim for 
Potable Use Switch, amount necessary) 

104. Total Reclaim (afy) = Agriculture Reclaim (afy) + Turf Reclaim (afy) + 
Residential Outdoor (afy) + Aquifer Recharge (afy) + Direct Treatment Effluent 
(afy) 

105. Stream Return (afy) = f(Total Reclaim, Effluent Control) 

Supply Expansion Costs 

106. Import Cost (USD/yr) = f(Import Rate, Import Treatment) 
107. Tribal Water Cost (USD/yr) = Tribal (afy) * Tribal Rate (USD/af) 
108. Effluent Expansion Cost (USD/yr) = [(Effluent Control, Agriculture Reclaim) 
109. Total Increased Supply Cost (USD/yr) = Import Cost (USD/yr) + Tribal Water 

Cost (USD/yr) + Effluent Expansion Cost (USD/yr) 

Environmental Economics 

Willingness to pay (WTP) values for floatboating, fishing, hiking, camping, and 

preserving naturalness are functions of economic studies, demographics, and 

environmental conditions. The following is an example for Floatboating WTP, but the 

remaining four categories are the same functions with different constants. 



110. Floatboating WTP (USD/yr) = f(Downstream Flow, WTP for activity, 
Population, percent engaging in activity, days per year engaged) 
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Willingness to accept (WTA) values are based on economic studies, demographics, and 

environmental conditions. 

111. WTA Reduction (USD/yr) = f(Downstream Flow, flow reduction, WTA, 
Population) 

WT A and WTP for activity are based on averages of various economic studies. (These 

values will vary according to location, so no exact values could be sourced for this 

model.) Percent engaging in activity and days per year engaged were obtained from the 

following reference: 

Cordell, H. Ken (1999). Outdoor Recreation in American Life. A national assessment of 
demand and supply trends. Sagamore Publishing. 
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Table AI.12.1 Model Variables 

Variable Value Unit Input Source Page 
Aerator Savings 2.94 gpd/p USPP resin 
Agriculture Efficiency 0.8 TAMA ag 
Agriculture Water Demand 0 afy X user input ag 
Alfalfa Acre Cost 363.67 $/yr/acre Paul Wilson ag 
Alfalfa Initial Acres 2500 acre X Paul Wilson ag 
Alfalfa Price 100 $/ton Paul Wilson ag 
Alfalfa Water Use 6 afy/acre Paul Wilson ag 
Alfalfa Yield 8.2 ton/acre/yr Paul Wilson ag 
Average Acres per Park 10 acres/park Tucson area averages turf 
Average Acres per School 7 acres/school Tucson area averages turf 
Average Reservoir Inflow 200 cfs chosen value supply 
Backwash 9.4 gal/day/pool USPP resout 
Bath per Day 0.143 bath/p/day USPP resin 
Bath Volume 32.5 gal/bath USPP resin 
Collection Area 2000 sf/house USPP resout 
Collection Efficiency 50 % USPP resout 
Collection Rate 0.6 gal/sf/in USPP resout 
Controlled Recharge Percent 95 % Kevin Lansey supply 
Coolers 1 cooler/house USPP resin 
Cooling Season 2500 hr/yr USPP resin 
Cotton Acre Cost 560.11 $/yr/acre Paul Wilson ag 
Cotton Initial Acres 12100 acre X Paul Wilson ag 
Cotton Water Use 3.5 afy/acre Paul Wilson ag 
Cottonseed Price 0.07 $/lb Paul Wilson ag 
Cottonseed Yield 2088 lb/acre/yr Paul Wilson ag 
Cycle per Day 0.2 cycle/pf day USPP resin 
Cycle Volume 10 gal/cycle USPP resin 
Daily Washes 0.4 Use/house/day USPP resin 
Direct Input afy X user input supply 
Drain Frequency no Cover 0.25 drain/yr USPP resout 
Drain Frequency with Cover 0.1 drain/yr USPP res out 
Drip Irrigation Area 1500 sf/house USPP adjusted resout 
Effluent Cost 25 $/af Paul Wilson adjusted ag 

with TW numbers 
Eighteen Hole Course 0.00000 course/p Tucson area averages turf 
Density 75 
Evap 3 % Kevin Lansey wwtp 
Evap no Cover 42 gal/day/pool USPP adjusted resout 
Evap with Cover 21 gal/day/pool USPP adjusted resout 
Evaporation 76.8 in/yr AZ Met supply 
Extra Cost for Frontloader 300 $/count estimate from store resin 

prices 
Faucet Base 2.5 gal/min USPP resin 
Faucet Cost 5 $/aerator estimate from store resin 

prices 
Faucet Density 3 fauceUhouse estimate resin 
Flow Override cfs X user input supply 
Flush per Day 5 flush/pf day USPP resin 
Frontloader 18.5 gal/use USPP resin 
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Variable Value Unit Input Source Page 
Frontloader Cost 600 $/count estimate from store resin 

prices 
Growth Rate 2 % X average of Tucson and resin 

Pima County 
Households 1989 188462 houses regression from current resin 
Industrial Growth 165 afy/yr TAMA ind 
Industrial Recharge Rate 1.5 % Kevin Lansey ind 
Initial Aquifer Volume 18500 kaf X Tucson or user input supply 
Initial Industry Demand 72.1 kafy X TAMA or user input ind 
Initial Population 675,000 p X Tucson Water or user resin 

input 
Initial Reservoir Volume 60000 af based on SRP reservoir supply 

relationships 
lnstream Flow Requirement 30 cfs X chosen value or user supply 

input 
Irrigation Efficiency 70 % USPP resout 
Lettuce Acre Cost 2553.08 $/yr/acre Paul Wilson ag 
Lettuce Initial Acres 200 acre X Paul Wilson ag 
Lettuce Price 7 $/ct Paul Wilson ag 
Lettuce Water Use 4.5 afy/acre Paul Wilson ag 
Lettuce Yield 400 ct/acre/yr Paul Wilson ag 
Lint Price 0.6 $/lb Paul Wilson ag 
Lint Yield 1200 lb/acre/yr Paul Wilson ag 
Loss Rate 60 % chosen value supply 
Market Penetration Rate 50 % X variable resin 
Minimum Flow 20 cfs chosen value supply 
Natural Recharge 15000 afy X Tucson Water or user supply 

input 
New Water Cost 30 $/af Paul Wilson adjusted ag 

with TW numbers 
Nine Hole Course Density 0 course/p Tucson area averages turf 
Override Diversion Rate cfs X user input supply 
Park Density 0.00017 parks/p Tucson area averages turf 

7 
Payment per Retired Acre 1000 $/acre estimate from journal ag 

articles 
Percent Acres Retired 0 % X variable ag 
Percent Acres Using Reclaim 0 % X variable ag 
Percent Capture Allowable 40 % X variable supply 
Percent Golf Courses with 100 % X Tucson area averages turf 
Reclaim Connection 
Percent Homes with Drip 40 % X variable resout 
Percent Homes with 10 % X variable resin 
Frontloader 
Percent Homes with Irrigation 90 % USPP adjusted resout 
Percent Homes with Pools 21 % X Standard Tucson resout 

number 
Percent Homes with Reclaim 0.1 % X Tucson area resout 
Connection 
Percent Homes with Turf % 1 - Percent Homes with resout 

Drip 
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Variable Value Unit Input Source Page 
Percent Households % X variable resout 
Harvesting 
Percent Industrial Returned 68 % Kevin Lansey; based on wwtp 

TAMA 
Percent New Homes with 15 % Tucson estimates resin 
Cooler 
Percent New Homes with 0.5 % X variable res out 
Gray Water Technology 
Percent no Bleed Off % 1 - Percent with Bleed resin 

Off 
Percent Old Homes with 81 % Tucson estimates resin 
Cooler 
Percent Parks with Reclaim 26 % X Tucson area averages turf 
Connection 
Percent Pools with Cover 25 % USPP resout 
Percent Private Golf Courses 32 % X Tucson area averages turf 
with Reclaim Connection 
Percent Recharge 16 % TAMA ag 
Percent Recharge Outdoor 5 % USPP resout 
Irrigation 
Percent Schools with Reclaim 19 % X Tucson area averages turf 
Connection 
Percent Turf Recharge 5 % USPP turf 
Percent with Bleed Off 20 % USPP resin 
Persons Per House 2.42 p/house X City of Tucson resin 
Pool Volume 20000 gal/pool USPP adjusted resout 
Precip 12 in/yr Tucson area data supply 
Private Eighteen Hole Course 0.00002 course/p Tucson area averages turf 
Density 67 
Private Nine Hole Course 0.00001 course/p Tucson area averages turf 
Density 49 
Rainfall 12 in/yr Tucson average resout 
Reservoir Max 1529 ft SRP and adjusted linear supply 

regressions 
Reservoir Min 1506 ft SRP and adjusted linear supply 

regressions 
Residential Effluent Cost 1.4 $/ccf Tucson Water res out 
Residential New Water Cost 2.8 $/ccf Tucson Water resin 
Retrofit Efficiency 90 % USPP resin 
School Density 0.0003 schools/p Tucson area averages turf 
Shower Cost 40 $/showerhead estimate from store resin 

prices 
Shower Density 2 shower/house estimate resin 
Shower Low Flow 2.5 gal/min standard resin 
Shower per Day 0.9 shower/pf day USPP resin 
Shower Pre 89 5 gal/min USPP resin 
Shower Time 8 min USPP resin 
Sludge Loss 1 % Kevin Lansey wwtp 
Stream ET 30 % Kevin Lansey supply 
Stream Recharge Rate 25 % Kevin Lansey supply 
Toilet Cost 350 $/toilet estimate from store resin 
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Variable Value Unit Input Source Page 
prices 

Toilet Density 2 toilet/house estimate resin 
Toilet Low Flow 1.6 gal/flush standard resin 
Toilet Pre 89 4.5 gal/flush average of non ULF resin 

volumes 
Toploader 42.3 gal/use USPP resin 
Tribal 0 X variable supply 
Tribal Rate 1500 $/af X area estimate; variable supply 
Turf Area 1000 sf/house USPP adjusted res out 
Turf Effluent Cost 1.4 $/ccf Tucson Water turf 
Turf New Water Cost 1.53 $/ccf Tucson Water turf 
Water per Hole 25 afy/hole based on Tucson area turf 

golf course usage 
Water per Park Acre 3.65 af/acre/yr USPP turf 
Water per Private Hole 30 afy/hole based on Tucson area turf 

golf course usage 
Water per School Acre 3.65 at/acre/yr USPP turf 
Water Use No Bleed Off 4 gal/hr USPP resin 
Water Use per Drip Area 1.2 at/acre/yr USPP adjusted res out 
Water Use per Turf Area 4 af/acre/yr USPP adjusted resout 
Water Use with Bleed Off 8.1 gal/hr USPP resin 
Wheat Acre Cost 256.6 $/yr/acre Paul Wilson ag 
Wheat Initial Acres 4200 acre X Paul Wilson ag 
Wheat Price 150 $/ton Paul Wilson ag 
Wheat Water Use 3 afy/acre Paul Wilson ag 
Wheat Yield 2.9 ton/acre/yr Paul Wilson ag 

NOTES: USPP is the Upper 
San Pedro Partnership 
model, TW is Tucson Water, 
TAMA is the Tucson Active 
Management Area, 
SRP is Salt River Project, 
Paul Wilson is a professor of 
Agriculture and Resource 
Economics at University of 
Arizona, 



135 

APPENDIX B: SUPPLEMENTARY MATERIALS 

Introductory Model Questions 

From the introductory page of the model (WP2030 _ defaultx.sip ), choose the 
Advanced Version. Each question heading (i.e., Turf) corresponds to a hyperlink on 
the Advanced Version main page. All answers for each question can be found on its 
corresponding model page. 

1) Turf: 
Objective: To identify the benefits of using reclaimed water for non-potable uses, to 
discover the price difference between 'new ' and reclaimed water, and to identify the 
water demand for the turf sector. 

A. Fill in the first column of the following chart with the default, initial year values 
(Note: default values are the input numbers in the model when it is opened or reset, and 
initial year values are the values before running the simulation, i.e. 1/1/2005). Then 
change private golf courses, parks, and schools to 50% reclaim and fill in the second 
column. 

Default Values 50% Reclaim 
Turf New Demand .. kafy kafy 
Yearly Water Cost $ $ 

[These units are somewhat odd but needed when discussing large water volumes. An 
acre-foot or af is a water volume and is equivalent to one acre of land covered with 1 foot 
of water ( acre * foot). An acre-ft/year is the rate at which water is used or a volume per 
time. A kafy is 1000 acre-ft per year. 

An acre-foot of water is quite large. It is equal to 325,000 gallons or the annual indoor 
and outdoor use of 1 to 2 urban households. One acre is 43,560 square feet so one acre-ft 
is 43,560 cubic feet (ft3). An average tractor trailer (without the cab) is about 8 ft. wide, 
10 ft. high and 48 ft. long or 3840 ft3 (=8*10*48) so 1 acre-ft is equivalent to over 11 
tractor trailers filled with water ( 11. 3 5 to be exact).] 

Based on the table above, how much new water can be saved for other uses if at 
least 50% of turf uses reclaimed water? kafy 

Is reclaimed water cheaper or more expensive than new water? (In other words, 
does increasing reclaimed water increase or decrease yearly water cost?) 

B. How much water does a single 18-hole private golf course use? (Use the Water 
Demand and Number of holes in the Private Golf Course column. You need to do some 
math.) afy 
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2) Residential: 
Objective: To differentiate between consumptive and non-consumptive use. To examine 
the benefits of residential conservation. 

A. Reset the simulation. From the default values, what percentage of homes has been 
retrofit with low flow fixtures? What percentage have drip irrigation systems? Add these 
values to the table below. 

Reset Simulation. Increase '% Older Homes with Fixture Retrofits' to 70% and fill in the 
first three lines of the second column. Reset Simulation. Increase'% Homes with Drip 
Irrigation' to 60% and fill in the first three lines of the third column. 

Default Fixture Retrofits 70% Drip 60% 
Fixture retrofits = % -

Homes with Drip = % 
Residential Demand 83.28 kafy kafy kafy 
Irrigation Recharge 1.30 kafy kafy kafy 
Return to WWTP 53.44 kafy kafy kafy 
Consumptive Use kafy kafy kafy 
Now calculate the consumptive water use. This water is either evaporated or used and 
stored within the plants. This water is not returned to any river or the aquifer after 
treatment or to the aquifer directly, so it is not available to be used for other purposes. It 
can be calculated by Demand - Irrigation Recharge - Return to WWTP. (See figure 
below.) 

Water sources 
(aquifer, 

river, import, 
reclaim) 

Indoor residential 

1 
Wastewater 

treatment 
(WWTP) 

Note that the arrow weights are intended to show the relative magnitude of the flows 
with a bold arrow showing a large flow and a thin one denoting a small flow. 
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Both of the conservation options in the table above decrease demand, but which 
option decreases consumptive use? 

The lower consumptive use, the more water available for other sectors in the 
system. Should residential conservation focus on indoor or outdoor use? 

B. Reset Simulation. With 50% of older homes fixture retrofitted and 10% of homes 
buying frontloaders (default values), what is the Total Retrofit Cost per house? 

$ per house 

C. The city simulated in the model includes 188,000 older homes. In your opinion, 
would a retrofit rebate of $500 for half of these houses be worthwhile? Would people be 
willing to retrofit without this rebate? 

3) Agriculture: 
Objective: To identify the water demand characteristics of agriculture. To compare 
agriculture water use to urban water use. To demonstrate the effects of a government 
agriculture land retirement program. 

A. Reset Simulation. What is the total water demand? ____ kafy. 

B. Assume that the average urban resident uses 110 gallons per day and an average of 
2.42 people lives in each house. If all of the agricultural water use in part A was made 
available for residential use, how many houses could be supported? (Tip: convert 
agriculture demand in kafy to gpd. 1 af= 325,851 gallons. Then find household demand 
in gpd. Divide agriculture demand by house demand.) 

houses -----

C. What is the consumptive use of agriculture? (Total water demand minus recharge). 

___ kafy 
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D. Assume that residential use is 35% consumptive (as in the Tucson area). What would 
be the consumptive use of the agriculture demand in Part A if it became urban? 

___ kafy 

Does this indicate that even more homes could be supported with the agriculture water? 
Why? 

E. One way to free up water for residential use is to retire agricultural acreage. Homes 
can either be built directly on this acreage, or the water can be transferred to a residential 
area elsewhere for use. 

Play the simulation. Fill in first column. Reset simulation. Change % Acreage Retired to 
10%. Play simulation. Fill in second column. 

Default Values 10% Acreage Retired 
Total Farmer Income $ $ 

Do you think retirement by the government to acquire more water for municipal use can 
be a viable option for farmers? What if you take into account that farmer profit is variable 
dependent on weather and price, and that the retirement payment would be guaranteed? 

4) Population: 
Objective: Demonstrate the effects of population growth on demand. Demonstrate 
surface water and groundwater interactions. 

Reset Simulation. Press Play. Sketch the trends on the aphs_be_l_o_w_. _____ _ _ 

Demand Aquifer Volume 
ka fy kaf 

20 ,000 

17,500 
100 

15,000 

12, 500 

10,000 

50 

7,500 

5,000 -t---------------1 
1/1/2005 1/1/2015 1/1/2025 1/ 1/2005 1/1/2015 1/1/2025 

~-----------'------..... rNon·-C:')n1!Yif;!rGia1 c 

cfs 
1,500 

1,250 

1 ,000 

750 

500 

250 

Streamflow 

o+---+---+---+--t---

11 1 I 2 oo 5 1 I 1/ ~-~ ~ -------·2:_!2:_/_~g}_~-----
i N r,; n .. co} n r:1 :::; , ~;i a i usf 



139 

Reset Simulation. Change Population growth rate to 4%. Play simulation. Sketch the 
trends on the following graphs. _ ____________ ________ _ 

Demand Aquifer Volume 
k a fy kaf cfs 

1,500 20,000 

17,500 1,250 
100 

15,000 1,000 

12, 500 750 

10,000 500 
so 

7,500 250 

5 ,000 0 

Streamflow 

1/1/2005 1/1/2015 1/1/2025 1;1;2oos 1;1;201s 1;1;202s 1;1;2oos 1;1;201_s .. ,. ........ 111;_202s ......... .. 
~-----;;~·->:i··~.A;f:1.(:,f;::c,:i-,~i ihJon .. z::·Ynrnt~(Cial US(-) 

A. How does demand change? Why? 

B. How does aquifer volume change? Why? 

C. If the aquifer is sufficiently depleted, the stream may become a losing reach (see 
glossary). In this case, the downstream river flow may be higher than upstream river 
flow due to WWTP return to the stream. Is this happening in this scenario? Can you 
think of some effects of this? 

Population growth rate is not the only thing that can increase demand and make a stream 
become losing; behavior can also cause this condition. 



5) Water Budget: 
Objective: To identify differences in water use between water use sectors including 
overall demand and consumptive use. To identify demand and supply-side options to 
help meet safe yield. To show trends in demand and supply through time. 
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A. All of the demand sectors have different levels and proportions of return flows and 
consumptive use. These are distinguishing characteristics of each demand sector. Based 
on the figure in Question 2 and what you have learned in the previous questions, 
complete the following schematic for the entire water system. 

Non-residential Turf II ..... __ A_g_r_ic_u_It_u_r_e _ __. 

Water ·sources 
(aquifer, 

river, import, 
reclaim) 

Residential/Industrial 

Wastewater 
treatment 
(WWTP) 

Note that the arrow weights are intended to show the relative magnitude of the flows 
with a bold arrow showing a large flow and a thin one denoting a small flow. 

B. Reset simulation. Play simulation. 'Mining' of an aquifer occurs when more is being 
taken out than is being recharged. Is this happening? (Look at the graph and Renewable 
Groundwater in the chart.) 

C. Legally the term 'safe yield' limits the amount of annual withdrawals from the basin 
to that of the annual rate of natural and anthropogenic recharge. In practice, safe yield 
occurs when an aquifer is not being mined; extraction does not exceed recharge. What 
supply side options could help meet safe yield? (Where does available supply exceed 
actual use?) What might be the effects of these options? 
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D. What demand sectors could most help the community achieve safe yield? 

E. Move to the Excel file 'Q5,' and input the Total Demand and Actual Use numbers in 
the appropriate empty columns for the simulation in part A. The initial year values given 
in the file were taken after resetting the model. Discuss the pie charts. How are 
proportions changing with time and why? 

6) Riparian Area: 
Objective: Evaluate effects of flow capture and stream return on the environment. 

In addition to demands, non-market and environmental values come into play in regional 
water supplies. These values are related to recreational benefits, endangered species, 
intrinsic instream flow values, etc. In the interest of time, we will assume that they are 
directly related to the downstream riparian area flow. 

The concept of safe yield does not necessarily protect an ecosystem or riparian area from 
degradation. In a natural state, recharge to an aquifer will equal discharge to surface 
water such as springs, lakes, and streams. So if, as in safe yield, groundwater pumping 
equals recharge, there is not any water left to be discharged, whether or not the water 
table is dropping. (This is what dried up the Santa Cruz River.) The concept of 
sustainable yield has been introduced as a level of pumping that sustains surface water 
and riparian ecosystems, and therefore sustainable yield will be less than recharge but is 
often hard to quantify. Sustainable yield deals with the health of the ecosystem, not just 
the aquifer. 

Reset and run simulation. 
A. After looking through this page and the above concepts, do you feel the downstream 
flow is sustainable? 

B. What changes in water use could help improve sustainability? 

C. What would the effects of the changes in Part B be on the water budget? (For 
example, increasing stream return from the WWTP would decrease the amount of 
effluent available for demand.) 
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Bonus 

1) On the residential page, experiment with different variables ( conservation options) and 
see which choices lower your initial year total residential use ( as measured in gpcd) 
and/or new demand (gpcd). (gpcd stands for gallons per capita per day, or how much 
water the average person uses.) 

A) Which options should you decrease? 

B) Which options should you increase? 

C) How low did you get the residential gpcd? ___ _ 

D) How low did you get the 'new' demand gpcd? ___ _ 

E) Do you think the options that you used to answer questions 3 and 4 are 
realistic? How? 

Note: In Tucson, residential gpcd is around 120, while in Scottsdale it is over 200. In 
Tucson, indoor use makes up more than half, while in many areas with lush yards, 
outdoor uses is up to 80%. 

2) On the agriculture page, experiment with the crop mix to see if you can lower demand 
while increasing profit. 

A) Which crops did you decrease? 

B) Which crops did you increase? 

C) What was the new demand? kafy ------

D) What was the new profit? _____ USD/yr 



Water Management Project 
(for use with WP2030 _permanentx) 
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You are now going to develop a plan to achieve safe yield in accordance with the 1980 
Arizona Groundwater Management Act (AGMA). The AGMA requires that the aquifer 
storage must never fall below its level at the beginning of the 25 year simulation. In 
other words, extractions must not exceed total recharge. This plan will be developed by 
changing options within the model and observing the results. 

Assign each person in the group to one of four roles: farmer, pro-growth advocate, 
environmentalist, and negotiator. If you have less than four people, there must be a 
negotiator, but you can choose which other roles to use. 

The group must come up with a compromise plan that is acceptable to everyone. The 
farmer, pro-growth advocate, and environmentalist must argue their goals, and the 
negotiator must work to find an agreeable solution. 

Use what you have learned in the previous class periods to develop the plan. You may 
alter any of the options available in the model. Summarize the compromise plan on the 
blank input sheet (from the Input Summary page of the model). Answer the questions to 
help determine the results and effects. 

Roles 

Farmer: 
Goals: Maintain or increase current profit levels 

Stay in business 
Maintain adequate water supplies for continued irrigation 

Negotiation Points: Willing to switch to reclaim in order to prevent decreasing acreage 
Pro-Growth Advocate: 
Goals: No limits on population growth 
Negotiation Points: Converting agriculture to housing will not increase water use 

Willing to use reclaim on all turf 
Willing to install water-efficient devices if cost-effective 

Environmentalist: 
Goals: Adequate instream-flow through riparian area. 

Safe yield in aquifer 
Negotiation Points: Effluent flow in river is acceptable 

Stress the importance of outdoor water conservation 
Negotiator: 
Goals: Find a water plan that is acceptable to all involved 

Aquifer extraction is never to exceed recharge 
Take into account both costs and benefits 



Alf a If a Acres 

Lettuce Acres 

Cotton Acres 

Wheat Acres 

Agriculture % Reclaim 

Agriculture % Retired 

Private Golf Courses% Reclaim 

Public Golf Courses % Reclaim 

Public Parks % Reclaim 

Schools % Reclaim 

Population Growth Rate 

People per House 

Older Homes with Fixture Retrofits 

Homes with Frontloader 

Irrigated Yards with Drip System 

Homes Harvesting Rainwater 

Homes with Pools 

Homes with Reclaim Hookup 

New Homes with Gray Water 

Recommended Water Management Plan 
By 
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Has safe yield been achieved for the entire simulation 
period? What is the approximate difference between 
extraction and recharge at the end of the simulation 
(kafy)? 

What are the effects on the Riparian Area and 
downstream flow? Is the system sustainable? 

What are the costs and benefits for farmers 
(agriculture)? 

For pro-growth advocates (residential and turf)? 

For environmentalists? 

Do you think this plan is financially feasible and 
publicly acceptable? 



Control Case Studies 

A. Climate Variability (use with WP2030 _permanentx.sip ): 
Your water management plan has been based on only one climate scenario and flow 
sequence. In reality, the climate is highly variable. 

Using your Recommended Water Plan (re-input on Input Summary page if necessary), 
test the flexibility and robustness of your water plan by changing the upstream flow 
climate scenarios. (From the advanced version main page, select the 'Flow Selection' 
hyperlink in navigation box 2. You will be using I. Upstream Flow.) 
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Run the simulation using all of the Little River and Big River sequences, and the Worst 
Case Scenario. (You select the options from the drop box.) Look at results after running 
each scenario. For each simulation, note whether the aquifer is still in safe yield and any 
other notable effects. 

Simulation Safe yield for Comments on other effects (i.e. riparian 
entire simulation? area, economics) 

Little River Wet 

Little River Dry 

Big River Normal 

Big River Wet 

Big River Dry 

Worst Case 

Questions: 
1) Does your water plan hold up to various climate scenarios including dry years? 

2) If not, what are some options you could change to help meet safe yield under any 
climate scenario? 

3) Try changing some of these options. Do they help? 
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B. Supply Options (use with WP2030_defaultx.sip) 

Until now, you have been focusing primarily on demand-management options as well as 
the use of reclaimed water. Although increasing supplies is becoming more and more 
expensive, some supply options may help to facilitate a water management plan. 

Starting from the default model, experiment with the following ways to increase supply 
on the Supply/WWTP and Flow Selection pages of the Advanced Version and note any 
significant effects on Water Budget, Supply Costs, and Riparian Area. (Reset 
simulation between each change.) 

Supply Option Significant Effects 
Purchase tribal water (F) 

Use effluent for indirect and/ or 
direct potable use (H) 

Remove effluent stream return 
requirement (H) 

Change the upstream flow (I) 

Change percent allowable flow 
used and/ or instream flow 
requirement ( J) 

Questions: 

1) Is it possible to meet safe yield using any of these supply-side options? (Try them in 
combination if necessary.) 

2) If so, do you think it is worthwhile (based on results in the table) to increase supply 
instead of concentrating on demand-side management? 

3) Think about the public acceptance of both demand-management and use of supply 
options including use of effluent for drinking water. What could be done to facilitate 
implementation of your desired strategy to meet safe yield? 



User's Manual 

User's Manual for 
Water Plan 2030 

Topics 

• Instructions for model operation 

• Model background 

• Recommendations for model use 

• How to interpret graphs 

• Example of changing inputs/outputs 

• Definitions 

• Teacher's Guide 

• Discussion Guide 

••• •••• ••••• •••• ••••• • •• •••e (!JI @, 
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Instructions 

• To navigate, use the arrows, Home button, or hyperlinks. 

••• •••• ••••• •••• ••• ••• •••• $ • 

• You can change inputs by using the slider bars or typing values in 
the boxes below the bars. On the control pages, you simply click 
the radio buttons or enter inputs. 

• You may find it useful to change variables without running the 
simulation to see direct initial year differences between the results 
from default values and from the changed values. 

• The play button runs the simulation, the play/pause button 
progresses one year with each click, and the rewind button resets 
the simulation to the initial year. 

• In 'WP2030_permanent,' each time you change a variable, the new 
value remains. To revert to the default variables, you must re-open 
the file. In 'WP2030_default,' each time you reset the simulation, all 
values return to default. 

• See the following pages for graphical pointers. 

• •• •••• ••••• •••• ••••• • •• fl 

•••• • 

Hyperlinks 
to other 
model 
pages 

Current 
date of the 
simulation 
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Model Background 

• Goals 

~-----------____._,··· Alter this variable by moving the sl ider • • • • 
bar or entering a number in the box. You e e e e e 
do not have to enter the unit if it is the • • e e 

•••• '--~------ -----.... 
• ee 

These boxes 
are results 
only. You may 
not input a 
value. 

You may use 
these hyperlinks 
to move around 
the model or the 
arrows or home 
button on the 
tool bar 

••• •••• ••••• •••• •••• ···~ •• (t 

@ e 

• Concepts including water use by sector, 
consumptive use, safe yield, surface water
groundwater interactions, environmental values 

• Implications of management alternatives and 
options for conflict resolution 

• Modeled Region 
• 6 supply options; 4 demand sectors 

• Various interactions 
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General Water System 
• 

(:;::·:·: ::::::·_ -__ -___ -____ -- -- · 
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••• •••• ••••• •••• ••••@ • •• • 
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RIV E:!!_R _~'~\----L------------ ENVlRONMENTAL/ 
RECREATIONAL A REA 

Inputs and Outputs 

• Basic input pages include Agriculture, Turf, 
Residential, and Population. 

••• •••• ••••• ••• •••• •••• ..... 

• Outputs are found on each input page as well 
as the main result page, the Water Budget. 

• Advanced input pages are found within the 
Controls. 

• Additional results can be found on Supply 
Costs, Riparian Area, Environmental 
Economics. 
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Model Pages 

Main results 
page. 

Advanced inputs 
for customization 
or supply and 
treatment control. 

Supplementary 
results pages. 

Climate 
information; 
best used with 
flow control. 

Summary of 
standard 
inputs. 

Background 
and teaching 
materials. 

Recommendations Part I 

••• •••• ••••• •••• ••••• •••@ •• 

• •• •••• ••••• •••• •••• ···~ ... , 
• 

• Complete the Introductory Questions activity on the 
'Supplemental Information' page to familiarize 
yourself with the model and the concepts 
demonstrated. (This is easiest with 
'WP2030 default.' 

• Once you have completed this, try to change 
options to obtain safe yield (aquifer 
recharge>extractions). Think about who is gaining 
and losing from your decisions. (This is easiest with 
'WP2030 _permanent.' 

• If you just want to play with the model, see 
Recommendations Part II. 
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Recommendations Part II 
• Start with Navigation Box 2. Go through the Agriculture, Turf, and 

Residential input pages. Without running the simulation, change 
variables and observe the effects on initial year results. 

••• •••• ••••• •••• ••••e ••• •• Ill! 
G' ~ 

• After you feel comfortable with the variables, make your selections and 
run the simulation. You may also want to alter variables on the 
Population page. Results can be observed on the individual pages as 
well as the Water Budget page. 

• Try to achieve safe yield (total recharge>extraction rate) using only 
these variables. This result is evident on the Water Budget page. 

• Navigation Box 3 contains additional pages that may be of interest to 
you. 

• Once you have accomplished safe yield, go through the controls in 
Navigation Box 1. You may either customize the area or simply make 
supply, treatment, and climate decisions. If you are customizing, please 
see the Customization Research Guide in 'Supplemental Information, ' 
Navigation Box 4. See how these decisions can affect the water 
balance. 

• Remember, if you are using 'WP2030_permanent,' you must re-open 
the file to return to default values. If you are using 'WP2030_default,' 
each time you reset the simulation, the default values return . 

• Use the glossary to look up any terms with which you are unfamiliar . 

Interpreting Results 
••• •••• ••••• •••• ••••• •••o •••• 

• This model displays results both numerically and 
graphically. 

• One way to see results is to look at a numerical 
value with the default inputs and compare it to the 
value with your inputs. 

• 

• However, sometimes the most important results are 
best explained through graphs. 

• Each input page has two graphs on it; Streamflow 
and Aquifer Volume. There are also a few other 
graphs throughout the model. The following page 
shows you how to read some of these graphs. 
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Reading Graphs 

Trends 

This graph shows 
demand trends 
influenced primarily 
by the population 
growth rate. 
Observe the slope 
of these trends, 
and compare it to 
the slopes following 
a change in the 
growth rate. 
Generally the 
higher the growth 
rate, the steeper 
the trend, and thus 
the greater 
demand. 
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Downstream flow will generally be lower than 
upstream flow, because the region removes 
water from the stream for use, and only a 
portion is returned from the WWTP and some 
water also recharges to the aquifer. If upstream 
flow falls below downstream flow, this means 
that the reach has become 'losing.' A good 

••• •••• ••••• •••• ••••• ••• • e 
@ goal is to maintain a healthy downstream flow. 
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The aquifer volume 
will decline 
throughout the 
simulation in 
response to 
overdraft 
(extraction that 
exceeds total 
recharge). A good 
goal is to try to 
keep it level. 

••• •••• ••••• ••• ••••• ••• ••• 
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Safe Yield 
i . Powemm S1ud10 Presentation mode G_l(!.:t:H:l 

••• •••• ••••• ••• •••• ••• ••• Cil • 

An example of a 
region meeting 
safe yield . 
Extraction does 
not exceed total 
recharge, also 
known as ••••----i ... ~ H renewable groundwater. 

Example 

• The following slides will show an example of 
changing inputs. 

• The first slide will show results with the default 
inputs. 

The Aquifer 
Volume graph in 
this case would 
actually be 
slowly rising . 

••• •••• ••••• •••• ••••• ••• t'ilil • 

• The next slide will show changed inputs and those 
results. 

• This is an example of how to evaluate changes. 

• Note that changes in results can also be seen on 
the Water Budget page. 
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Example - Default Results 

Pay particular 
attention to 
Indoor Demand, 
Outdoor 
Demand, Return 
toWWTP, and 
graphs. 

· t: Powersim Studfit Pretentation mode 

Example 
Increasing the 
outdoor variables 
(while decreasing 
pools), greatly 
decreases 
outdoor and thus, 
total residential 
demand. 

Increasing these 
variables decreases 
indoor demand, but 
also decreases 
Return to WWTP 
(and thus available 
reclaim). 

Note that the changes in this sector did 
not have a large effect on Streamflow or 
Aquifer Volume. 
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Example - Discussion 

• As in the previous example, changing individual 
variables has larger effects on some results than 
others. 

••• •••• ••••• •••• •••• •••• •••• CE, 

• The key to developing a good plan is to isolate the 
key effects of individual variables and make value 
changes appropriately. 
• In the example, it can be noted that changing residential 

indoor use did not have as beneficial an effect on the 
system as changing outdoor water use. 

• This indicates that more attention should be paid to 
decreasing outdoor use, especially of 'new water.' 

• Look for effects on numerical values, graphical 
trends, costs, and environmental consequences . 

Important Concepts 

• Consumptive Use: 

••• •••• ••••• ••• ••••• e eeG ••• ti; 

• Water that is not returned to the system through 
recharge or the WWTP 

• =Total Demand - Recharge - Return to WWTP 

• Generally indoor use is non-consumptive and 
outdoor use (irrigation) is highly consumptive. 

• Conservation Options: 
• Fixture retrofits, frontloaders, drip irrigation, 

rainwater harvesting 
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Streamflow Processes 
••• •••• ••••• •••• •••• •••e ••e 

• Upstream and Downstream Reach refer to location Upstrea is 
streamflow before it gets to the city. Downstream is streamflow 
in the river after the city has taken water from it and released 
effluent to it. 

• Losing and Gaining Reach refer to relationship with the aquifer. 
Losing streams are above the water table, so they lose water to 
the aquifer (instream recharge). Gaining streams are below the 
water table, so they gain water from the aquifer. 

Gaining Reach Losing Reach 

Model Terms 

• Initial year means before pushing play and 
final year means after pushing play. 

• Default values are those present when the 
simulation is reset, or before you change 
anything. 

••• •••• ••••• •••• •••• ••• •••• • 

• New water is any water that is not reclaimed 
water. 
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Teacher's Guide 

• Spend some time familiarizing yourself with the model. 
• Suggested class activities 

• Model background and instructions (15-30 min) 
• Introductory Questions (60-75 min) 
• Discussion (10 min) 
• Water Management Project (60 min) 
• Discussion (20-30 min) 
• Control Case Studies (if desired) 

••• •••• •••• •••• •••• ••• ••e• • • 

• If your class is more advanced, you may choose to do the Water 
Management Plan and Project as a group activity. Run the model 
on a projector, and take suggestions. Input these and show the 
results. This serves as a more interactive discussion piece. You 
may want to have parts of the class represent different interests, i.e. 
environment, development. 

• See links to all these materials in 'Supplementary Information' 
• Feel free to pick and choose from and within the available 

materials. 

Discussion Guide 

• The next four slides bring up discussion 
points regarding choices in the model. 

• •• •••• ••••• •••• •••• ···~ •• (\11 0 

• Ways to make supply meet demand is useful 
to look at before implementing the water 
management plan. 

• Costs and hydrologic effects are useful to 
discuss regarding the effects of the 
management plan. 
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Ways to Prevent Groundwater 
Overdraft 

• Change cropping to more water-efficient crops 

• Retire agricultural land 

• Switch turf and agriculture to reclaimed water 

• Conservation in the home, esp. outdoor 

• Alternative supply i.e. rainwater harvesting 

• Limit population growth 

• Im port more water 

• Use reclaimed water for other uses including 
drinking 

Costs to Consider 

• Cost of treating water 
• Cost of importing water 
• Public acceptance 
• Environmental harm in other locations 
• Quality of life - turf, esp. golf courses 
• Traditional values and ways of life -farming 
• Conflict between sectors/interests 
• Hydrological effects and interactions 
• Voluntary or mandatory conservation -who pays 

••• •••• ••••• •••• •••• ••• ••• • 

••• •••• ••••• •••• ••••• ••• 11 •••• • 
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Hydrologic Effects 

• Pumping more groundwater can make a river 
become a losing reach 

••• •••• ••••• •••• ••••e ••• • • e • 

• Population growth means more reclaim available for 
use or recharge/discharge 
• BUT reclaim will not be limitless 

• Using more reclaim prevents recharge to aquifer 
and discharge to stream 
• Decreases renewable groundwater supply 
• May not meet in-stream flow goals 

• Using more surface water leaves less in-stream 

So ... What's the Solution? 

• Mining the aquifer is NOT an option 
• Purchase more water, possibly from tribes 

• At what cost? 
• Limit population growth 

• Will this ever be acceptable? 
• Again, at what cost? 

• Demand Side Management - Conservation 
• Especially outdoor (consumptive use) 
• Will this be enough? 

• Forget those pesky in-stream flow goals 

• Note how each solution affects everyone differently. 
where conflicts arise! 

This is 

••• •••• ••••• •••• ••••• ••• ••• • (I) • 
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APPENDIX C: INTRODUCTORY QUESTIONS KEY 

Introductory Model Questions Key 

From the introductory page of the model, choose the Advanced Version. Each 
question heading (i.e., Turf) corresponds to a hyperlink on the Advanced Version 
main page. All answers for each question can be found on its corresponding model 
page. 

1) Turf: 
Objective: To identify the benefits of using reclaimed water for non-potable uses, to 
discover the price difference between 'new ' and reclaimed water, and to identify the 
water demand for the turf sector. 

A. Fill in the first column of the following chart with the default, initial year values 
(Note: default values are the input numbers in the model when it is opened or reset, and 
initial year values are the values before running the simulation, i.e. 1/1/2005). Then 
change private golf courses, parks, and schools to 50% reclaim and fill in the second 
column. 

Default Values (red 50% Reclaim (red 
circles on Figure 1) circles on Figure 2) 

Turf New Demand 16.06 kafy , 11.11 kafy 
Yearly Water ·cost $15.6 million $15 .4 million 

[These units are somewhat odd but needed when discussing large water volumes. An 
acre-foot or af is a water volume and is equivalent to one acre of land covered with 1 foot 
of water (acre* foot). An acre-ft/year is the rate at which water is used or a volume per 
time. A kafy is 1000 acre-ft per year. 

An acre-foot of water is quite large. It is equal to 325,000 gallons or the annual indoor 
and outdoor use of 1 to 2 urban households. One acre is 43,560 square feet so one acre-ft 
is 43,560 cubic feet (ft3). An average tractor trailer (without the cab) is about 8 ft. wide, 
10 ft. high and 48 ft. long or 3840 ft3 (=8*10*48) so 1 acre-ft is equivalent to over 11 
tractor trailers filled with water (11.35 to be exact).] 

How much new water can be saved for other uses if at least 50% of turf uses 
reclaimed water? 16. 06 - 11.11 = 4. 9 5 kafy (kafy = 1000 acre-feet/year) 

Is reclaimed water cheaper or more expensive than new water? (In other words, 
does increasing reclaimed water increase or decrease yearly water cost?) 
Increasing reclaim decreases yearly water cost from 15.6 to 15.4 million. 
Therefore reclaimed water is cheaper. 
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B. How much water does a single 18-hole private golf course use? (Use the Water 
Demand and Number of holes in the Private Golf Course column. You need to do some 
math.) 
See the green circle on Figure I or Figure 2. 

12.59 kafy I 414 holes* 18 holes* lOOOaf/kaf = 547 afy 

To put the result above in more physically understandable terms, one football field is 
approximately equal to one acre, and, in southern Arizona, grass requires about 3.5 acre
feet of water per year per acre to grow and keep green. Thus, around 156 football fields 
could be irrigated with the amount of water one golf course uses. 

This water volume can also be related to the University of Arizona campus. The area of 
the UA campus is about 0.5 square miles or 320 acres . So the annual irrigation water 
required for a typical golf course would cover the campus with about 1. 7 feet of water(= 
547 acre-ft/320 acres) . 
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Figure D.1 Turf page: default values 



163 

:(Powersim Studio Pr~sentation mode r[)@~ 

'lb 0 'lb 0 !.lp.=:tt (,Cf0 0!,:n.·, 

'lb 

"'~ "'~ 

C•o·. '/r"ISP·sarn ~!m ... 
100 90 9 0 

9 0 BO BO 
BO 70 70 
70 60 60 
60 5 0 _ 50 _ 
50 

40 
40 40 

30 30 30 

2 0 2 0 2 0 

10 1 0 10 

0 0 0 

0 0 0 
1/1/2 015 1/1/2 025 

100 % 50 % 50 % 

2.28 kafy 4.40 kafy 5.23 kafy 
Aquifer Volume 

kaf 

Figure D.2 Turf page: 50% reclaim 

2) Residential: 
Objective: To differentiate between consumptive and non-consumptive use. To examine 
the benefits of residential conservation. 

A. Reset the simulation. From the default values, what percentage of homes has been 
retrofit with low flow fixtures? What percentage have drip irrigation systems? Add these 
values to the table below. 

Reset Simulation. Increase'% Older Homes with Fixture Retrofits' to 70% and fill in the 
first three lines of the second column. Reset Simulation. Increase '% Homes with Drip 
Irrigation' to 60% and fill in the first three lines of the third column. 

Default (red circles on Fixture Retrofits 70% Drip 60% 
Figure 4) (red circles on Figure (red circles 
Fixture retrofits = 50 % 5) on Figure 6) 
Homes with Drip = 40 % 

Residential Demand 83.28 kafy 80.02 kafy 79.61 kafy 
Irrigation Recharge 1.30 kafy 1.30 kafy 1.12 kafy 

Return to WWTP 53.44 kafy 50.18 kafy 53.44 kafy 

Consumptive Use 28.54 kafy 28.54 kafy 25.05 kafy 
Now calculate the consumptive water use. This water is either evaporated or used and 
stored within the plants. This water is not returned to any river or the aquifer after 
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treatment or to the aquifer directly, so it is not available to be used for other purposes. It 
can be calculated by Demand - Irrigation Recharge - Return to WWTP. (See figure 
below.) 

Water sources 
(aquifer, 

river, import, 
reclaim) 

Outdoor residential Indoor residential 

Wastewater 
treatment 
(WWTP) 

Note that the arrow weights are intended to show the relative magnitude of the flows 
with a bold arrow showing a large flow and a thin one denoting a small flow. 

Both of the conservation options in Table 1 decrease demand, but which option 
decreases consumptive use? 
Consumptive use only changes when you change drip irrigation. This is because 
indoor use is non-consumptive. 
The lower consumptive use, the more water available for other sectors in the 
system. Should residential conservation focus on indoor or outdoor use? 
Focusing conservation on outdoor use would help decrease consumptive use, thus 
making more water available for other sectors. 

B. Reset Simulation. With 50% of older homes fixture retrofitted and 10% of homes 
buying frontloaders (default values), what is the Total Retrofit Cost per house? 

See the green circle on Figure 4: $ 548 per house 

C. The city simulated in the model includes 188,000 older homes. In your opinion, 
would a retrofit rebate of $500 for half of these houses be worthwhile? Would people be 
willing to retrofit without this rebate? 

188,000 homes * $548/home = $103 million. This may not be a very large expense to a 
city because finding new supplies would cost much more than this. With education, 
some people may be willing to retrofit without this rebate. Note that because 
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frontloading washing machines, which are expensive, are included in this cost, the cost to 
a home of installing toilet, shower, and faucet retrofits is much less. 
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3) Agriculture: 
Objective: To identify the water demand characteristics of agriculture. To compare 
agriculture water use to urban water use. To demonstrate the effects of a government 
agriculture land retirement program. 

A. Reset Simulation. What is the total water demand? 89. 79 kafy. 
See the red circle on Figure 7. 
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B. Assume that the average urban resident uses 110 gallons per day and an average of 
2.42 people lives in each house. If all of the agricultural water use in part A was made 
available for residential use, how many houses could be supported? (Tip: convert 
agriculture demand in kafy to gpd. 1 af = 325,851 gallons. Then find household demand 
in gpd. Divide agriculture demand by house demand.) 
89.79 kaf/y * 1000 af/kaf * 1 y/365days * 325851gal/af= 80,159,346 gpd 

110 g/p/d * 2.42 p/house = 266.2 gpd 
80159346/266.2 = 301,125 houses 

C. What is the consumptive use of agriculture? (Total water demand minus recharge). 
89.79 - 14.37 = 75.42 kafy 

See the green circle on Figure 7. 
D. Assume that residential use is 35% consumptive (as in the Tucson area). What would 
be the consumptive use of the agriculture demand in Part A if it became urban? 

89.79 * 0.35 = 31.43 kafy 
Does this indicate that even more homes could be supported with the agriculture water? 
Why? 
Yes, because less of the water would be used consumptively, meaning it can be used 
again or recharged for reuse later. 

E. One way to free up water for residential use is to retire agricultural acreage. 
Play the simulation. Fill in first column. Reset simulation. Change % Acreage Retired to 
10%. Play simulation. Fill in second column. 

Default Values (blue circle 10% Acreage Retired (blue 
on Figure 7) circle on Figure 8) 

Total Farmer Income $74.6 million $69 .1 million 

Do you think retirement by the government to acquire more water for municipal use can 
be a viable option for farmers? What if you take into account that farmer profit is variable 
dependent on weather and price, and that the retirement payment would be guaranteed? 
Retirement by the government at this price ($1000/acre) is not as profitable as farming 
the land would be. However, farmers may be willing to take this option because it is 
guaranteed income. In addition, if the government needs the water badly enough, the 
market price will increase, making it more profitable for the farmer. 
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4) Population: 
Objective: Demonstrate the effects of population growth on demand. Demonstrate 
surface water and groundwater interactions. 
Reset Simulation. Press Play. Sketch the trends on the graphs below. See Figure 9. 
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Reset Simulation. Change Population growth rate to 4%. Play simulation. Sketch the 
trends on the following graphs. See Figure 10. 

Demand Aquifer Volume 
ka fy kaf 

20,000 

17, 500 
100 

15,000 

12,500 

10,000 

so 
7,500 

5 ,000 ___________ ___, 

1/1/2005 1/1/2015 1/1/2025 1/1/2005 1/1/2015 1/1/2025 
.___ ___________ '---------<;No;·1--Gon1rncrciol c 

A. How does demand change? Why? 

cfs 
1,500 

1,250 

1 ,000 

750 

500 

250 

Streamflow 

Q+----t---+---+--------1 

1/1/2005 1/1/2015 1/1/2025 '._,,,,.,,..., __ ,. ___ , ____ ,.,..,,,_,._., ____ ,,,.,,.,_.,,,.,_ 

~-----:Non.,,:_),)!Y1PH:}rc!al USG() 

Demand increases much more rapidly because the population is increasing more rapidly, 
producing more people who require water. 
B. How does aquifer volume change? Why? 
The trend in aquifer volume is not as noticeable, but it declines more steeply and reaches 
a lower volume. This is because demand increases dramatically on the system. 
C. If the aquifer is sufficiently depleted, the stream may become a losing reach (see 
glossary). In this case, the downstream river flow may be higher than upstream river 
flow due to WWTP return to the stream. Is this happening here? Can you think of some 
effects of this? See the green circle in Figure 9. Note in the 4% growth rate streamflow 
graph, that the upstream flow has fallen be low downstream flow in places where they 
about equaled each other with the defau lt growth rate. This means that the stream is 
indeed losing. This may have detrimental effects on the riparian health and 
environmental and water system sustainability. 
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: :I:: Powersim Studio Presentillion m~de f;J@fg] 
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Figure D.8 Population page: default values 
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Figure D.9 Population page: 4 % Growth Rate 



5) Water Budget: 
Objective: To identify differences in water use between water use sectors including 
overall demand and consumptive use. To identify demand and supply-side options to 
help meet safe yield. To show trends in demand and supply through time. 
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A. All of the demand sectors have different levels and proportions of return flows and 
consumptive use. These are distinguishing characteristics of each demand sector. Based 
on the figure in Question 2 and what you have learned in the previous questions, 
complete the following schematic for the entire water system. 

Non-residential Turf 

II 
Water sources 

(aquifer, 
river, import, 

reclaim) 

Residential/Industrial 

Wastewater 
treatment 
(WWTP) 

Note that the arrow weights are intended to show the relative magnitude of the flows 
with a bold arrow showing a large flow and a thin one denoting a small flow. 

B. Reset simulation. Play simulation 'Mining' of an aquifer occurs when more is being 
taken out than is being recharged. Is this happening? (Look at the graph and Renewable 
Groundwater in the chart.) 
See the red circles on Figure 11. Yes mining is occurring. Extraction far exceeds 
recharge most years, and the available supply of renewable groundwater is less than the 
actual use. 

C. Legally the term 'safe yield' limits the amount of annual withdrawals from the basin to 
that of the annual rate of natural and anthropogenic recharge. In practice, safe yield 
occurs when an aquifer is not being mined; extraction does not exceed recharge. What 
supply side options could help meet safe yield? (Where does available supply exceed 
actual use?) What might be the effects of these options? 
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See the green circles on Figure 11. Increasing the use of stream flow and reclaimed 
water could help meet safe yield. NOTE: However, increasing the use of stream flow 
may have deleterious effects on the environment, and the system may not then be in 
sustainable yield. Sustainable yield deals with the health of the hydrologically connected 
surface and groundwater, taking into account riparian evapotranspiration and the timing 
and location of extraction and recharge. 

D. What demand sectors could most help the community achieve safe yield? 
See the blue circles on Figure 11. Turf and agriculture demand have high consumptive 
use. Decreasing use in these areas would free up the most water in the system, allowing 
more to be left in the aquifer. 

E. Move to the Excel file 'Q5,' and input the Total Demand and Actual Use numbers in 
the appropriate empty columns for the simulation in part A. The initial year values given 
in the file were taken after resetting the model. Discuss the pie charts. How are 
proportions changing with time and why? 

See the ~Ho circles on Figure 11. 

Excel file: 
Total Demand (kafy) Actual Use (kafy) 
Initial Final . Initial Final 
Year Year Year Year 

Residential 83.28 125.87 Surface Water 26.06 9.84 
Renewable Ground 

Turf 24.51 30.73 Water 100.08 167.68 
Agriculture 89.79 89.79 Imported Water 135 135 
Industry 72.1 76.23 Reclaimed Water 8.48 9.87 

Excel output graphs: 



Total Demand - Initial Year 

Industry Residential 

27%r-. 31% 

~ urt 
Agriculture 9% 

33% 

Total Demand - Final Year 

Industry 
24

%E)Residential 
38% 

Agriculture Turt 
28% 

10% 
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Water Sources - Initial Year 

Surface 
Reclaimed Water 

Wat()r 10°i< 3% 0 

Renewable 
lrrported Ground 
Water Water 
50% 37% 

Water Sources - Final Year 

Reclaimed 
Su rt ace 

~a;:r ~ Water 
3% 

lrrported Renew able 
Water Ground 
42% Water 

52% 

Residential demand is becoming a bigger portion of total demand, because it is most 
affected by population growth, and thus increases as the population grows. Agriculture is 
becoming a lower portion because no new acreage is added in this model, so demand 
remains constant. Industry is decreasing as a portion because though demand increases, 
it does not increase as quickly as does residential demand. 

The proportion of surface water is a bit misleading because the amount available changes 
greatly year to year, and the initial year of the simulation had more available than the 
final year. However, renewable ground water increases by a large percentage, because it 
is what is being used to meet demand. Reclaimed water remains constant. This is the 
biggest opportunity for changing water supply proportions, by using more reclaimed 
water. 
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: ~: Powersim Studio Presentation mode ~ @)~ 

Figure D.10 Water budget page: default values 

6) Riparian Area: 
Objective: Evaluate effects of flow capture and stream return on the environment. 

In addition to demands, non-market and environmental values come into play in regional 
water supplies. These values are related to recreational benefits, endangered species, 
intrinsic instream flow values, etc. In the interest of time, we will assume that they are 
directly related to the downstream riparian area flow. 

The concept of safe yield does not necessarily protect an ecosystem or riparian area from 
degradation. In a natural state, recharge to an aquifer will equal discharge to surface 
water such as springs, lakes, and streams. So if, as in safe yield, groundwater pumping 
equals recharge, there is not any water left to be discharged, whether or not the water 
table is dropping. (This is what dried up the Santa Cruz River.) The concept of 
sustainable yield has been introduced as a level of pumping that sustains surface water 
and riparian ecosystems, and therefore sustainable yield will be less than recharge but is 
often hard to quantify. Sustainable yield deals with the health of the ecosystem, not just 
the aquifer. 

Reset and run simulation. 
A. After looking through this page and the above concepts, do you feel the downstream 
flow is sustainable? 



175 

See the red circles on Figure 12. In the case in the table, downstream flow is not much 
less than the upstream flow. (61 cfs compared to 64 cfs.) However, if you look at the 
graph, there are many years in which upstream flow greatly exceeds downstream flow. 
The natural flow in the river is often severely reduced by the region's demand. The flow 
is probably not sustainable in regards to maintaining riparian health and non-market 
values. 

B. What changes in water use could help improve sustainability? 
See the green circles on Figure 12. Increasing the instream flow requirement, decreasing 
the flow capture by the region, or increasing stream return from the WWTP could all 
keep the river more healthy. 

C. What would the effects of the changes in Part B be on the water budget? (For example, 
increasing stream return from the WWTP would decrease the amount of effluent 
available for demand.) 
Decreasing flow capture ( or increasing the instream flow requirement) might require that 
more groundwater be used. This could then make the stream become a losing reach, 
which is also unhealthy. Perhaps reducing demand is a better answer. Increasing return 
form the WWTP would mean that less effluent could be used for potable or non-potable 
uses, which would then have to use more water either from the stream or the aquifer. It is 
important to recognize the multiple effects each decision has. 

: *: Power,in, Studio Presentation mode f;J@]® 

-*The modeled region contains 
a riparian area downstream of 
the city and the wastewater 
return. The water In this 
reach Is the lnstream flow 
requirement plus any 
additional flow not captured by 
the region plus stream return 
from the WWTP. 

Instream Flow Requirement 

Percent Capture Allo wable 

Flow Capture (Diversion for Use) 

Inter Flow 

Stream Return 

* However, within the riparian 
area, 25% of flow recharges 
to the aquifer and 30% goes 
to evapotransplration , 
supporting riparian life. Only 
45% of the flow entering the 
reach actually remains in the 
reach. 

Even If the river has an lnstream flow requirement, any 
additional water that Is left In the river provides the 
opportunity for a more productive and aesthetically pleasing 
riparian area. This may enhance wildlife habitat or allow for 
more recreation. Riparian areas also help naturally treat 
waste. Does the Downstream (Riparian Area) Flow seem 
acceptable to you? 

Figure D.11 Riparian area page: default values 
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APPENDIX D: EVALUATION TOOLS 

Pre-Evaluation 

You are being invited to voluntarily participate in a research study regarding the 
effectiveness of an in-class project. Your participation will involve this questionnaire as 
well as another following the project. All of your answers will be kept strictly 
confidential and used only for statistical purposes for the group. No information is 
examined on an individual basis. By participating, you are giving permission for me to 
use your information for research purposes. Thank you. 

This survey is divided into three sections. Please read the instructions carefully prior to 
responding. 

Part I: This section addresses your understanding of and feelings about water 
issues. 

The following is a list of topics related to water resources. Please indicate the degree to 
which you feel you have an understanding of each of the following topics. (circle one 
response for each statement) 

Topics: 
Understanding 

None ........................ Average ..................... Excellent 



Part II: This section assesses your knowledge of certain water-related concepts. 
(circle the best answer unless otherwise indicated) 

1) Which sector would you expect to have the biggest increase in water use in 
Arizona in the future? 

a. Agriculture c. Industrial 
b. Residential d. Non-residential Turf 

2) How are surface water and groundwater connected? 
a. They aren't c. They are but I don't know how 
b. Gaining and losing reaches d. Underground rivers and lakes 

3) What is consumptive use? 
a. Water not returned to system c. Use of all available water 
b. Water you drink d. Any water use by humans 

4) When does safe yield occur (legally)? 
a. Groundwater Extraction > Recharge c. When there is water in a river 
b. Groundwater Extraction~ Recharge d. Water Supply > Water Demand 

5) What are current or potential uses of reclaimed water (circle all that apply)? 
a. Agriculture irrigation c. Turf irrigation 
b. Drinking water d. Aquifer and stream recharge 

6) Which demand sector is highest in consumptive use (by percent)? 
a. Agriculture c. Industrial 
b. Residential d. I don't know 
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7) Which of the following are examples of conservation alternatives ( circle all that 
apply)? 

a. Fixture retrofits c. Top-loading washing machines 
b. Drip irrigation systems d. Turf watering 

8) Does climate variability affect the water budget? 
a. Always c. If there is a drought 
b. Never d. I don't know 

9) Why is it good to have sufficient flow in a river (circle all that apply)? 
a. To maintain riparian health c. It is not necessary 
b. To allow for recreation d. To provide ecosystem services 
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Part III: This section addresses your familiarity with regional water issues. 

The following is a list of statements related to regional water issues. Please indicate the 
degree to which you agree or disagree with each of the following statements. (circle one 
response for each statement) 

Statements: 

Thank you for completing this survey. Your information will help us improve the 
course material and is greatly appreciated. 
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Post-Evaluation 

Thank you for participating in this research project. As a reminder, all of your answers 
will be kept strictly confidential and used only for statistical purposes. 

This survey is divided into four sections. Please read the instructions carefully prior to 
responding. 

Part I: This section addresses your understanding of and feelings about water 
issues. 

The following is a list of topics related to water resources. Please indicate the degree to 
which you feel you have an understanding of each of the following topics. (circle one 
response for each statement) 

Topics: 
Understanding 

None ........................ Average ..................... Excellent 



Part II: This section assesses your knowledge of certain water-related concepts. 
(circle the best answer unless otherwise indicated) 

1) Which sector would you expect to have the biggest increase in water use in 
Arizona in the future? 

a. Agriculture c. Industrial 
b. Residential d. Non-residential Turf 

2) How are surface water and groundwater connected? 
a. They aren't c. They are but I don't know how 
b. Gaining and losing reaches d. Underground rivers and lakes 

3) What is consumptive use? 
a. Water not returned to system c. Use of all available water 
b. Water you drink d. Any water use by humans 

4) When does safe yield occur (legally)? 
a. Groundwater Extraction > Recharge c. When there is water in a river 
b. Groundwater Extraction ::;; Recharge d. Water Supply > Water Demand 

5) What are current or potential uses ofreclaimed water (circle all that apply)? 
a. Agriculture c. Turf irrigation 
b. Drinking water d. Aquifer and stream recharge 

6) Which demand sector is highest in consumptive use (by percent)? 
a. Agriculture c. Industrial 
b. Residential d. I don't know 
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7) Which of the following are examples of conservation alternatives ( circle all that 
apply)? 

a. Fixture retrofits c. Top-loading washing machines 
b. Drip irrigation systems d. Turf watering 

8) Does climate variability affect the water budget? 
a. . Always c. If there is a drought 
b. Never d. I don't know 

9) Why is it good to have sufficient flow in a river (circle all that apply)? 
a. To maintain riparian health c. It is not necessary 
b. To allow for recreation d. To provide ecosystem services 
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Part III: This section addresses your familiarity with regional water issues. 

The following is a list of statements related to regional water issues. Please indicate the 
degree to which you agree or disagree with each of the following statements. (circle one 
response for each statement) 

;..,. ~ ~ - ;..,. 
Statements: - ~ ~ ~ ~ - ~ 

OJ.) - - - ~ OJ.)~ 

= OJ.) OJ.) - - = -0 ~ ~ = OJ.) 0 OJ.) 

- r,:i 

r,:i ~ < h< -·- ·- z rJJ Q Q rJJ 
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Part IV: This section addresses your opinions about the modeling exercises. 

1. Overall, how much did you enjoy this class exercise/project? ( v' one) 
D Extremely D Very D Fairly D Slightly D Not at all 

2. How would you rate the overall effectiveness of this project? ( v' one) 
D Excellent D Good D Average D Poor D Very Poor 

3. Did you feel that the model itself was user-friendly? (v' one) 
D Extremely D Very D Fairly D Slightly D Not at all 

4. Did this project improve your understanding of class concepts? ( v' one) 
DYes DNo 

What did you enjoy most about the project? 

What parts of this project could use more explanation? 

What else would you like to see changed? 

Would you share this model with your friends or family? 

Thank you for completing this survey. 
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APPENDIX E: EVALUATION RESULTS TABLES 

I. Results: Spring 2005 HWR 203 

(n = 43 post, 32 pre, and 27 both) 

Table EI.1 Enjoyment of Project 

Overall, how much did you enjoy this class 
exercise/project? 

(valid percent) 

;>-.. 
v ;>-.. ;>-.. b ci:l = a ..... 

I-< 'i:: ..c: ~ i:,: 
(I) (I) ·a -~ ~ I-< > 0 ~ ..... µ.. U) ;,<: z ril 

2% 28% 51% 19% 0% 2.86 

I -Average enjoyment of the project. I-Extremely, 2=Very, 3=Fairly, 4=Slightly, and 
5=Not at all 

Table EI.2 Effectiveness of Project 

How would you rate the overall 
effectiveness of this model and project? 

(valid percent 

..... I-< 

i:: (I) 0 ... 
~ "d bl) 

I-< 0 C 
0 ~ 0 0-. i:,: v I-< 0 (I) 0 ;>-.. ~ 

(.) 0 > 0-. I-< ~ ;,<: <i:: (I) 

ril > 
14% 47% 33% 7% 0% 2.33 
I Average effectiveness of the project. 1 =Excellent, 2=Good, 3=A verage, 4=Poor, and 
5=Very Poor 

Table EI.3 Improvement in Understanding 

Students who felt the model improved their 
understanding of class concepts: 

(valid percent) 

93% 
Did this model improve your understanding of class concepts? (Yes or No, check one) 



184 

Table EI.4 Concept Understanding Overall (n = 43 post 32 pre) 

el) el) el) I I 

= = - = -r,:, QJ :a ... ~ ... 
0 I,., 

QJ "O = "O ~- Q. 

= el)= 0 = ---0 ~ ~ ~ ... ~ ._, - --z~ I,., - -- - r,:, - r,:, QJ r,:, Q. r,:, 
- QJ ~ QJ 

I,., ;... I,., QJ I,., f - I,., -QJ <~ CJ QJ QJ 
"O ~ "O QJ ;... ;... 
= = ~ = 0 0 
~ ~ ~ 

Topics: Valid Valid Valid Valid Valid Mean Mean 
% % O/o O/o % 

Average understanding of topic. l=No Understanding, 3 = Average Understanding, 5=Exceptiona1 
Understanding 



Table EI.5 Concept Understanding Pre and Post only (n=27) 

AZ Groundwater Management 
Act 

Overall (Post-test) 

3.04 
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Overall (pre-test) 

2.22 

Average understanding of topic. l=No Understanding, 3 = Average Understanding, 5=Exceptional 
Understanding 
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Table El.6 Statement Agreement Overall (n=43 post 32 pre) 

Statements: Valid 
O/o 

Valid 
O/o 

Valid Valid 
O/o O/o 

Valid Mean I Mean 1 

O/o 

I think I could effectively 
participate in a political 
process related to water 
issues 

9 26 42 16 7 2.86 2.75 

Average agreement with statements. 1 =Strongly Disagree, 2=Disagree, 3 = Neutral, 4=Agree, and 
5=Strongly Agree 

Table EI. 7 Statement Agreement Pre and Post Only (n=27) 

Statements: 

Overall (Post
test) 

Mean1 

Overall (pre
test) 

Mean1 

Average agreement with statements. l =Strongly Disagree, 2=Disagree, 3 = Neutral, 4=Agree, and 
5=Strongly Agree 
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Table EI.8 

Which sector would you expect to have the biggest increase in water use in the 
future (check one)? 

Agriculture 
Municipal/ 
Residential 

Industrial I don't know 

Pre Post Pre Post Pre Post Pre Post 

Valid% Valid% Valid% Valid% Valid% Valid% Valid% Valid% 

Table EI.9 

How are surface and groundwater connected ( check all that apply)? 

They aren't 
Gaining and Losing 

Reaches 
In-stream Recharge 

Underground rivers 
and lakes 

Pre Post Pre Post Pre Post Pre Post 

Valid% Valid% Valid% Valid% Valid% Valid% Valid% Valid% 

Table EI.to 

Water not returned 
to the s stem 

What is consumptive use (check one)? 

Water you drink 
Using up all 

available water 
Water use by 

humans 

Pre Post Pre Post Pre Post Pre Post 

Valid% Valid% Valid% Valid% Valid% Valid% Valid% Valid% 

Table EI.11 

What are the current uses of reclaimed water ( check all that apply)? 

Agriculture Drinking Water Turf Irrigation 
Aquifer and stream 

rechar e 

Pre Post Pre Post Pre Post Pre Post 

Valid% Valid% Valid% Valid% Valid% Valid% Valid% Valid% 
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Comment Sections: 

What did you enjoy most about the project? 
Teaching 

• Excellent teaching 
• Good teaching skills 
• high energy instruction 

Hands-On 
• Hands-on work 
• hands on project 
• I liked how we got hands-on experience 
• Being able to work hands on 

Group Interaction 
• interacting with my group 
• Working with others 
• Participating with group members 
• Class participation 

Computers 
• Use computer in class to work exercise 
• the computer interaction 
• using computers 
• working on the computer and being able to change the variables 
• Playing with the program on the computer 
• The computers are fun 
• I enjoyed using the computers and using the water program 
• Computer use 
• Graph work and using the computer models 
• I thought using the computers for the project was fun 
• Computers 
• The graphing 
• Being able to use the computers to make a plan 
• Using computers 

Interactivity 
• interactivity of the model 
• seeing results 
• Interactivity; seeing the results of changes 
• How you could change the numbers, hit the play button and instantly see 

the effects 
• Being able to manipulate the different demands to see the effects made 

what we've been learning in class more tangible 
• The simulation effects and seeing somewhat of an idea of how factors 

affect the water budget 
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Activity 
• Fun activity - role playing 
• actually doing something 
• Role playing. I was the farmer 
• the last exercise 
• Manage to be water manager 
• It allowed us to be creative and really use our heads to try and reach safe 

yield 
• role playing 
• Trying to find a compromise to balance the aquifer 

Understanding 
• understanding the complexity of the issues 
• Trying to attain sustainable yield and seeing how difficult it is working 

with all the people who need it; i.e. pro-growth advocates, farmers, etc. 
• It helped me to understand concepts we learned about and how difficult it 

is to satisfy all sector needing water 
• Learned more than usual 
• Getting a better understanding on how to save water 
• Expanding my understanding of water-related issues 

Misc 
• The internet access 
• Water 
• I also liked that the numbers were realistic 
• Model 

What parts of this project could use more explanation? 
Specific Concepts: 

• the cost of reclaimed water 
• household water - get it enough - but more explanation 
• when consumers conserve water how does that help water recharge 
• detailed portions of streamflow 
• ground/surface water 
• How surface and ground water are connected 
• Water budget 
• maybe some of the concepts like retrofits and drip irrigation 
• AZ groundwater management act 

Instruction: 
• how to use computers 
• the module wasn't explained very well 
• some areas of the packet I filled out were unclear to me 
• some questions were hard to understand - word clarification 
• how to use everything 
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• Some of the wording was unsure of 
• The purpose and meaning behind questions and answers on the worksheet 
• I understand how to use it; I don't typically understand what it all means 
• It is too short time to teach us too many stuff, not exactly understand all 

the stuff, may be separate and teach less will let us learn more 
• More background information 
• not the model, but to explain beforehand the causes and issue 
• What everything in the project does 
• Realistic approaches to numbers 
• the best way to go about it 
• how to do it 

Interface: 

• the computer should be simpler 

• explaining how to read the graphs 

• streamflow charts 

• Interface 

• How to interpret the graphs, numbers 

• Changing the program 
Misc: 

• nothing you qid a great job 

• it was okay 

• all of it 

• I'm not sure 

• Probably everything 

• None 

What else would you like to see changed? 
Nothing (11) 
Powersim Issues: 

• Not having to re-input the numbers after each run 
• Not have to reset it once you have all your numbers 
• Not having to press 'play' button to see change, but to see gradually 

fluctuations as numbers are being manipulated 
• Maybe be able to change inputs without having to reset the entire model 
• The computer software could be simplified 
• Instead of resetting all- make it so you can go back and change one thing 
• You shouldn't have to reset every time you make a change 

Interface/Model Additions: 
• More inputs that can be changed to see the bigger picture 
• More areas that are not restricted to typing in numbers (i.e. not dragging 

mouse; it's easier to type in) 
• If other supplies are bought how does that affect 



• Have an imported water variable 
• Maybe add imported water 
• More visuals 
• Maybe make it more exciting 
• More computers 
• The color scheme 

Instruction: 
• Go slowly on the material cover and give us clear point 
• More clear questions 
• First exercises seemed very pointless, simply fill parameters, last exercise 

most productive - learn through trial and error 
• Clearer instructions 
• As specific as possible 

Misc: 
• Snacks 
• Don't know 
• Not much else 
• That pretty much it 

If this model were available on the web, would you recommend it to your 
friends/family? 

Yes (4) 
Yes ... 
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• Yes, I think it helps show the relationships between everything and how one 
affects the other 

• Yes if they were interested 
• If they showed an interest, then yes 
• Yes, if they were interested 
• Yes, or I would play with it myself 
• Yes, they probably wouldn't do it though 
• Yes, but there should be different versions for different audiences 

If ... 
• If they are interested in such a plan, then yes. It has room for improvement 

but it will get better with time. 
• If they were involved in water issues 
• If they were interested in water issues ( which some are) 
• If they were interested in this stuff 
• If they had the time 
• I would recommend it to those interested in it; I would recommend it for 

highschool/public schools so that people become aware earlier. 
• If they were interested, duh. 

Sure (4) 



Possibly 
Maybe (3) 
Maybe ... 

• Maybe, depends on which members 
• Maybe, because not really the people will care about this 

Probably Not (3) 
Probably Not ... 

• Probably not, but it's a good model. 
No (6) 
No ... 
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• No, my friends would probably make fun ofme if I showed them this. I guess 
they just aren't very cool when it comes to HWR. 

• No, they would not understand or want to do it 
Not Really ... 
• Not really, no one I know wants to learn about water 



II. Results: Fall 2005 HWR 203 

(n = 26 post, 28 pre, 20 both) 

Table Ell.1 Enjoyment of Project 

Overall, how much did you enjoy this 
class exercise/project? 

(valid percent) 

>, 
0) >, 

>, crj 
8 >, += = 1-, }; ...c: crj ~ 
'1) '1) 

-~ QI 
.b > ro .... 

~ µ... u3 0 
~ z µ..:i 

3.8 34.6 38.5 3.8 19.2 3.00 

Part IV: Ql 
1 Average enjoyment of the project. 1 =Extremely, 2=Very, 3=Fairly, 4=S1ightly, and 

5=Not at all 

Table EII.2 Effectiveness of Project 

How would you rate the overall 
effectiveness of this project? 

(valid percent) 

.... 1-, 

~ '1) 0 
~ "'d bl) 1-, 0 = 0 c,:S 0 0.. ~ 0) 1-, 

0 '1) 0 >, QI 
(.) 0 > 0.. 1-, ~ ~ 

~ 
'1) 

µ..:i > 
11.5 61.5 15.4 11.5 0.0 2.27 

Part IV: Q2 
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1 Average effectiveness of the project. 1 =Excellent, 2=Good, 3=Average, 4=Poor, and 
5=Very Poor 

Table Ell.3 User-friendliness 

Did you feel that the model itself was user 
friendly? 

(valid percent) 

>, -0) 
>, >, .Q crj -= 8 'i: 

.... 
1-, ...c: crj ~ 

'1) '1) ·a -~ QI 
1-, > .... 

~ .... µ... u3 0 
~ z µ..:i 

15.4 42.3 38.5 3.8 0.0 2.31 

Part IV: Q3 
1 Average opinion of user-friendliness. !=Extremely, 2=Very, 3=Fairly, 4=S1ight1y, and 

5=Not at all 



Table Ell.4 

Students who felt the model improved their 
understanding of class concepts: 

(valid percent) 

84.6% 
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Part IV: Q4: Did this model improve your understanding of class concepts? (Yes or No, 
check one) 

Table EII.5 Concept Understanding Overall (n= 26 post and 28 pre) 

Topics: 

Part I 

Valid 
O/o 

Valid 
% 

Valid 
O/o 

Valid 
O/o 

Valid 
O/o 

Mean Mean 

1 Average understanding of topic. l=No Understanding, 3 = Average Understanding, 5=Exceptional 
Understanding 



Table EII.6 Concept Understanding Pre and Post only (n=20) 

Overall (Post-test) Overall (pre-test) 

Part I; Average understanding of topic. l=No Understanding, 3 = Average Understanding, 
5=Exceptional Understanding 

Table Ell. 7 Part II: Ql 

Which sector would you expect to have the biggest increase in water use in the 
future (check one)? 

Agriculture Residential Industrial I don't know 

Pre Post Pre Post Pre Post Pre Post 
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Valid% Valid% Valid% Valid% Valid% Valid% Valid% Valid% 

Table EII.8 Part II: Q2 

How are surface and groundwater connected (check one)? 

They aren't 
Gaining and Losing 

Reaches 
They are but I don't 

know how 
Underground rivers 

and lakes 

Pre Post Pre Post Pre Post Pre Post 

Valid% Valid% Valid% Valid% Valid% Valid% Valid% Valid% 



Table EII.9 Part II: Q3 

Water not returned 
to the s stem 

What is consumptive use (check one)? 

Water you drink 
Use up all available 

water 
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Any water use by 
humans 

Pre Post Pre Post Pre Post Pre Post 

Valid% Valid% Valid% Valid% Valid% Valid% Valid% Valid% 

Table EII.10 Part II: Q4 

When does safe yield occur (legally)? (check one) 

Groundwater Groundwater 
When there is water Water Supply> 

Extraction > Extraction <= 
Rechar e Rechar e 

in a river Water Demand 

Pre Post Pre Post Pre Post Pre Post 

Valid% Valid% Valid% Valid% Valid% Valid% Valid% Valid% 

Table EII.11 Part U: Q5 

What are current or potential uses of reclaimed water ( check all that apply)? 

Drinking Water 

Pre Post Pre Post 

Table EII.12 Part II: Q6 

Turf Irrigation 

Pre Post 

Aquifer and stream 
rechar e 

Pre Post 

Which demand sector is highest in consumptive use (by percent)? 

Agriculture Residential Industrial I don't know 

Pre Post Pre Post Pre Post Pre Post 

Valid% Valid% Valid% Valid% Valid% Valid% Valid% Valid% 
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Table EII.13 Part II: Q7 

Which of the following are examples of conservation alternatives ( check all that 
a I )? 

Fixture retrofits 
Drip irrigation 

s stems 
Top-loading 

washin machines 
Turf watering 

Pre Post Pre Post Pre Post Pre Post 

Valid% Valid% Valid% Valid% Valid% Valid% Valid% Valid% 

Table EII.14 Part II: Q8 

Does climate variability affect the water budget? 

Always Never If there is a drought I don't know 

Pre Post Pre Post Pre Post Pre Post 

Valid% Valid% Valid% Valid% Valid% Valid% Valid% Valid% 

Table Eil.15 Part II: Q9 

Why is it good to have sufficient flow in a river ( check all that apply)? 

To maintain 
ri arian health 

To allow for 
recreation 

It is not necessary 
To provide 

ecos stem services 

Pre Post Pre Post Pre Post Pre Post 

Valid% Valid% Valid% Valid% Valid% Valid% Valid% Valid% 



Table EII.16 Statement Agreement Overall (n= 26 post 28 pre) 

Statements: 

I think I could effectively 
participate in a political 
process related to water 
issues 

Part III 

Valid 
O/o 

7.7 

Valid 
% 

19.2 

Valid 
O/o 

26.9 

Valid 
O/o 

30.8 
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Valid Mean 1 Mean 1 

% 

15.4 3.26 2.48 

1 Average agreement with statements. 1 =Strongly Disagree, 2=Disagree, 3 = Neutral, 4=Agree, and 
5=Strongly Agree 



Table EII.17 Statement Agreement Pre and Post Only (n=20) 

Statements: 

Part III 

Overall (Post
test) 

Mean1 

Overall (pre
test) 

Mean1 

1 Average agreement with statements. l=Strongly Disagree, 2=Disagree, 3 = Neutral, 4=Agree, and 
5=Strongly Agree 

Comments: 

What did you enjoy most about the project? 
Computers: 

• The use of the computers helped 
• Hands on learning with computers 
• The computer sims 
• Playing on the computer 
• Working on the computer and visually seeing changes 
• The computer model 

Group Interaction: 
• Group work 
• Working in groups because that is really fun 
• Working in politically-based groups 

Interactivity: 
• Interactiveness 
• Viewing how different aspects effect the grand scheme 
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• I enjoyed the way the models showed the effect of different changes. For 
instance, what water impact retiring agriculture land has. I thought this was 
only done for market reasons, but now I know the water effect. 

• Changing values and seeing the results 
• Being able to see the impact of changing variables 
• The ability to change aspects on the charts and instantly see the results 
• Playing with the different dials to make optimal levels 
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• Playing around with the things 
• Being able to customize water usage levels and seeing the results graphed out 
• Working on something that was very interactive and used visuals to explain 

the information 
Miscellaneous: 

• It was very realistic 
• Leaming about ways to conserve water 
• I did not enjoy it 
• Took time away from lectures, while still learning about AZ water 
• Not a lecture. 
• New techniques in class. 

What parts of this project could use more explanation? 
Specific Concepts: 

• Simple terms such as effluent, etc. 
• Farming. I have no idea what was really going on when I took crops away. 

Did you need a certain amount of crops for the people or what. 
• How everything relates and is connected seemed a little confusing. It was 

hard to find those connections sometimes. 
• The other supply options. 

Instruction: 
• How to use program 
• How to use it at home 
• How to operate the model 
• How to interpret the data 
• Water management project 
• How to use the powersim program 
• Properly using the simulation 
• The second assignment and what we were trying to get to 
• The graphs on the packet 
• The fact that safe yield is shown on the graph 
• More time with the models 
• How the individual variables effect the scenario 
• I wish we would have had longer on it all 
• The concepts 
• The fundamentals 
• A glossary of terms would be helpful 

Miscellaneous: 
• None. Good job. 
• All of it 
• Nothing 
• What the city itself, in reality, is actually doing in regards to these issues 



What else would you like to see changed? 
Instruction: 

• More time (2) 
• More time for the second part where we all had different roles 
• Detail explain why you have to do this background info 
• Easier directions 
• Simplicity 
• More explanation 
• More explanation of what some of the graphs represented might have been 

helpful 
Computer stuff: 

• Easier to access from home 
• User-friendliness of simulation 

Not much: 
• Not much she did a nice job and got around to everyone who had questions 
• Not much. 
• Nothing. I thought it was pretty good 
• Nothing 
• Its far out otherwise 
• n/a 
• you did very well 
• its all good 

Would you share this model with your friends or family? 
• Yes (9) 
• If they were interested in how water budget works, yes. 
• Sure (1) 
• Probably(}) 
• Possibly, if I thought they were interested 
• Probably not. The model is great but I don't think they'd really care. 
• Maybe (2) 
• Don't think so (1) 
• No (9) 
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III. Results: Fall 2005 MWS 

(n = 12 post, 11 pre, 8 both) 

Table EIII.1 Enjoyment of Project 

Overall, how much did you enjoy this 
class exercise/project? 

(valid percent) 

>-. v >-. >-. ~ -= s >-. +:: 
I-< 'i: ..c: ~ i:,:: 

(I) (I) ·a -~ QJ 
I-< > ...... 

~ ...... µ;.. u3 0 >< z ~ 

25.0 50.0 25.0 0.0 0.0 2.0 

Part IV: QI 
1 Average enjoyment of the project. !=Extremely, 2=Very, 3=Fairly, 4=Slightly, and 

5=Not at all 

Table EIII.2 Effectiveness of Project 

How would you rate the overall 
effectiveness of this project? 

(valid percent) 

~ 
I-< 

(I) 0 
~ "d 01) I-< 0 = 0 ro 0 A,. i:,:: v I-< 

0 (I) 0 >-. QJ 
u c., > A,. I-< ~ >< <C (I) 

~ > 
16.7 75.0 8.3 0.0 0.0 l.92 

Part IV: Q2 
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1 Average effectiveness of the project. 1 =Excellent, 2=Good, 3=Average, 4=Poor, and 
5=Very Poor 

Table EIII.3 User-friendliness 

Did you feel that the model itself was user 
friendly? 

(valid percent) 

>-. v >-. ..Q ..Q ~ = s ...... 
I-< I-< ..c: ~ i:,:: 

(I) (I) ·a -~ QJ p > ...... 
~ µ;.. u3 0 >< z ~ 

0.0 54.6 45.4 0.0 0.0 2.45 

Part IV: Q3 
1 Average opinion of user-friendliness. l=Extremely, 2=Very, 3=Fairly, 4=Slightly, and 

5=Not at all 



Table EIII.4 

Students who felt the model improved their 
understanding of class concepts: 

(valid percent) 

91.7% 
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Part IV: Q4: Did this model improve your understanding of class concepts? (Yes or No, 
check one) 

Table EIII.5 Concept Understanding Overall (n= 12 post and 11 pre) 

OJ) OJ) OJ) I I = = - = -... . .. ~ ... rll ~ 

"C ~ "C = "C 
0 -= OJ) = 0 = ~- Q. ---0 ~ ~ ~ ... ~ -- - --z ,;; -- -- - rll - rll ~ rll Q. rll - ~ ~ ~ - > - ~ - E .... --~ <~ C.J ~ ~ "C ~ "C ~ > = = ~ = > 0 

~ ~ ~ 0 

Topics: Valid Valid Valid Valid Valid Mean Mean 
O/o % % O/o O/o 

Part I 
1 Average understanding of topic. l=No Understanding, 3 = Average Understanding, 5=Exceptional 
Understanding 



Table EIII.6 Concept Understanding Pre and Post only (n=8) 

Overall (Post-test) Overall (pre-test) 

Part 1; Average understanding of topic. l=No Understanding, 3 = Average Understanding, 
5=Exceptional Understanding 

Table EIU. 7 Part II: Ql 
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Which sector would you expect to have the biggest increase in water use in the 
future check one)? 

Agriculture Residential Industrial I don't know 

Pre Post Pre Post Pre Post Pre Post 

Valid% Valid% Valid% Valid% Valid% Valid% Valid% Valid% 

Table EIII.8 Part II: Q2 

How are surface and groundwater connected (check one)? 

They aren't 
Gaining and Losing 

Reaches 
They are but I don't 

know how 
Underground rivers 

and lakes 

Pre Post Pre Post Pre Post Pre Post 

Valid% Valid% Valid% Valid% Valid% Valid% Valid% Valid% 



Table EIII.9 Part II: Q3 

Water not returned 
to the s stem 

What is consumptive use (check one)? 

Water you drink 
Use up all available 

water 
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Any water use by 
humans 

Pre Post Pre Post Pre Post Pre Post 

Valid% Valid% Valid% Valid% Valid% Valid% Valid% Valid% 

Table EIIl.10 Part II: Q4 

When does safe yield occur (legally)? (check one) 

Groundwater Groundwater 
When there is water Water Supply> 

Extraction > Extraction <= 
Rechar e Rechar e 

in a river Water Demand 

Pre Post Pre Post Pre Post Pre Post 

Valid% Valid% Valid% Valid% Valid% Valid% Valid% Valid% 

Table EHI.11 Part II: QS 

What are current or potential uses of reclaimed water ( check all that apply)? 

Drinking Water 

Pre Post Pre Post 

Table EIIl.12 Part II: Q6 

Turf Irrigation 

Pre Post 

Aquifer and stream 
rechar e 

Pre Post 

Which demand sector is highest in consumptive use (by percent)? 

Agriculture Residential Industrial I don't know 

Pre Post Pre Post Pre Post Pre Post 

Valid% Valid% Valid% Valid% Valid% Valid% Valid% Valid% 
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Table EIII.13 Part II: Q7 

Which of the following are examples of conservation alternatives ( check all that 
a I)? 

Fixture retrofits 
Drip irrigation 

s stems 
Top-loading 

washin machines 
Turf watering 

Pre Post Pre Post Pre Post Pre Post 

Valid% Valid% Valid% Valid% Valid% Valid% Valid% Valid% 

Table EIII.14 Part II: Q8 

Does climate variability affect the water budget? 

Always Never If there is a drought I don't know 

Pre Post Pre Post Pre Post Pre Post 

Valid% Valid% Valid% Valid% Valid% Valid% Valid% Valid% 

Table EIII.15 Part II: Q9 

Why is it good to have sufficient flow in a river ( check all that apply)? 

To maintain 
ri arian health 

To allow for 
recreation 

It is not necessary 
To provide 

ecos stem services 

Pre Post Pre Post Pre Post Pre Post 

Valid% Valid% Valid% Valid% Valid% Valid% Valid% Valid% 



Table EIII.16 Statement Agreement Overall (n= 12 post 11 pre) 

Statements: 

I think I could effectively 
participate in a political 
process related to water 
issues 

Part III 

Valid 
% 

8.3 

Valid 
O/o 

0.0 

Valid 
O/o 

16.7 

Valid 
O/o 

66.7 

207 

Valid Mean 1 Mean 1 

O/o 

8.3 3.67 4.14 

1 Average agreement with statements. I =Strongly Disagree, 2=Disagree, 3 = Neutral, 4=Agree, and 
5=Strongly Agree 



Table EIII.17 Statement Agreement Pre and Post Only (n=8) 

Statements: 

PartllI 

Overall (Post
test) 

Mean1 

Overall (pre
test) 

Mean1 
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1 Average agreement with statements. !=Strongly Disagree, 2=Disagree, 3 = Neutral , 4=Agree, and 
5=Strongly Agree 

Comment Section: 

What did you enjoy most about the project? 
Interactivity: 

• Interacting with other class members, role-playing 
• Quick response to changes 
• Being able to gauge the effects in certain sectors of water-use immediately 
• Working with model parameters and observing changes 
• Being able to input different variables and getting instantaneous results 
• Manipulating demand and seeing resulting impacts on streamflow 

Group Interaction and Role-Playing: 
• The end argument between the three groups 
• Role-play 

Miscellaneous: 
• Experiencing the big, complicated picture of water needs, use, and 

conservation 
• Understanding difficulty in finding solutions to water issue in agriculture 

What parts of this project could use more explanation? 
Specific Concepts: 

• Climate as relates to water budget and riparian area effects 
• Conservation alternatives 



• Climate variability and the budget 
Model: 

• Need dollar values to make decisions 
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• I would like to know where and why the attributes or parameters used for each 
sector were found/ chosen 

• What are background assumptions built into model; ET rate, etc. 
• How we can access this model on our own 

Instruction: 
• Discussing concepts in worksheets - not just having to do them - i.e. 

discussing the 'take home message' for each section. This was not obvious. I 
feel that less time should have been taken by math equations and more time on 
conceptual discussions. 

What else would you see like to see changed? 
Model: 

• In model, show value of land retired converted to profit/income for farmers 
• Don't know yet; possible visual 3-D models of aquifer gaining/losing; always 

adds a punch 
• A bit on legal constraints would be good 
• Built in calculator ano more detailed economic info 

Instruction: 
• More time and exercises with the models 
• Less time filling out worksheet and more time setting up plan 

Would you share this model with your friends or family? 
• Yes (7) 
• After awhile 
• No not with family and friends but possibly with seniors in high school 
• Models don't really me so I'm reluctant to use them 
• No - don't enjoy modeling 

List two things you learned in this workshop: 
• Better understanding of water budgets and class sectors 
• Interaction of agriculture and residential growth for total water usage 
• How consumptive agriculture is and how impossible it seems for the three groups 

to come to a point of agreement 
• That more homes should be required to have retrofits and all new homes should 

be built with them 
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• Top-loaders are bad 
• The cost and savings of home water conservation and the impact of using 

reclaimed water. 
• Reality of water demands and difficulty of negotiating use 
• How to use model and serve as tool for education e.g. watershed groups 
• The importance of water conservation and what safe yield is 
• Consumptive use and difficulties with negotiating water needs 

One thing I will do as a result of this workshop is: 
• Look into more water conservation features - rainwater harvesting, etc. 
• Sympathize with the lame bureaucracy that follows these painful debates. 
• Be more understanding towards growth, environmentalists, and farmers 
• Look into more retrofit options as we remodel our kitchen 
• Use the model to create plant impacts on water table 
• Actively educate myself more 
• See where use of models fit in water budgeting at all levels; play with model at 

home with kids 
• Spread the word regarding water conservation 
• Be more aware of the politics necessary for water use decisions. 



211 

REFERENCES 

Andrade, Anthony J. (1996), Reclaimed water public education and awareness, paper 
presented at Conserv '96: Responsible Water Stewardship Conference, American Water 
Works Association, Orlando, Florida, 4-8 January. 

Babcock, Thomas M., City of Phoenix Water Services Department (2005), Drought: it's 
not water conservation as usual anymore: lessons learned preparing for drought response 
2004-2005, paper presented at Arizona Hydrological Society 2005 Annual Symposium, 
Flagstaff, Arizona, 21-24 September. 

Boyd, Donald (2001), Water and local government, Water Policy, 3, S55-S58. 

CUWCC, California Urban Water Conservation Council. BMP Cost-Effectiveness Model. 
[http://www.cuwcc.org/ce _spreadsheets.lasso] Accessed 2/1/06. 

Cordell, H. Ken (1999), Outdoor Recreation in American Life: A national assessment of 
demand and supply trends, Sagamore Publishing. 

Costanza, Robert and Matthias Ruth (1998), Using dynamic modeling to scope 
environmental problems and build consensus, Journal of Environmental Management, 
22(2), 183-195. 

Cressel, Mary M. (1995), The three Ws of communicating conservation, Journal of Soil 
and Water Conservation, 50(4), 356-357. 

Cripe-Hull, Mary Margaret, Mary Ann Davis, and Mike Mullins (1996), Water 
ambassador program: in-school education to sustain community water conservation, 
paper presented at Conserv '96: Responsible Water Stewardship Conference, American 
Water Works Association, Orlando, Florida, 4-8 January. 

Decision Support, Inc. ( 1999), Results of the Tucson Water residential customer 
conservation survey, Tucson, AZ. 

DeLorme, Denise E., Scott C. Hagen, and I. Jack Stout (2003), Consumers' perspectives 
on water issues: directions for educational campaigns, Journal of Environmental 
Education, 34(2), 28-35. 

Dietz, Thomas, Nives Dolsak, Elinor Ostrom, and Paul C. Stem (2002), The drama of the 
commons, in The Drama of the Commons, edited by Elinor Ostrom et al., pp. 3-34, 
National Academy Press, Washington D.C. 



Ducrotoy, Jean-Paul (2003), Education challenges in the North Sea area, Marine 
Pollution Bulletin, 47, 246-252. 

212 

Eckberg, Jason R., Southern Nevada Water Authority (2005), Water Smart Contractor 
Program: a public-private partnership ensuring irrigation efficiency in Southern Nevada, 
paper presented at Arizona Hydrological Society 2005 Annual Symposium, Flagstaff, 
Arizona, 21-24 September. 

EPA, Environmental Protection Agency (2002), Cases in water conservation: how 
efficiency programs help water utilities save water and avoid costs, July. 

Gardener, Elizabeth (1996), Denver Water's IRP process: Getting buy-in from the public 
for conservation, paper presented at Conserv '96: Responsible Water Stewardship 
Conference, American Water Works Association, Orlando, Florida, 4-8 January. 

Hardin, G. (1968), The tragedy of the commons, Science, 162, 1243-1248. 

HWR 203 website. [http://academic.engr.arizona.edu/HWR/Washburne/] Accessed 
2/1/06. 

Jordan, Susan (1998), Bridging the gap between science and the public interest, paper 
presented at California and The World Ocean '97: Taking a Look at California's Ocean 
Resources: An Agenda for the Future: Conference Proceedings, American Society of 
Civil Engineers. 

Kopelman, Shirli, J. Mark Weber and David M. Messick (2002), Factors influencing 
cooperation in commons dilemmas: a review of experimental psychological research, in 
The Drama of the Commons, edited by Elinor Ostrom et al., pp. 113-156, National 
Academy Press, Washington D.C. 

Kuranz, Christina B. (1996), Tucson's changing landscapes: a response to state 
conservation requirements, paper presented at Conserv '96: Responsible Water 
Stewardship Conference, American Water Works Association, Orlando, Florida, 4-8 
January. 

Lahlou, M. and D. Colyer (n.d.), Water demand management in developing countries: a 
case study of Casablanca, Morocco. 

Lansing, Stephen (2003), Complex adaptive systems, Annual Review of Anthropology, 
32, 183-204. 

Maddaus, William 0. and Michelle L. (2004), Evaluating water conservation cost
effectiveness with an end use model, paper presented at 2004 Water Sources Conference, 
American Water Works Association, Austin, Texas, 12-14 January. 



213 

Master Watershed Steward website. [http://ag.arizona.edu/watershedsteward/] Accessed 
2/1/06. 

McCay, Bonnie J. (2002), Emergence of institutions for the commons: contexts, 
situations, and events, in The Drama of the Commons, edited by Elinor Ostrom et al., pp. 
361-402, National Academy Press, Washington D.C. 

Michel, Kim, Bethany Cutts, Monica Elser, and Charlene Saltz (2005), 2005 Decision 
Center for a Desert City water education provider survey summary, Arizona State 
University International Institute for Sustainability, October. 

Morris, Robert LL, Dale A. Devitt, Alice M. Crites, George Borden, and L. Neil Allen 
(1997), Urbanization and water conservation in Las Vegas Valley, Nevada, Journal of 
Water Resources Planning and Management, 123 (3), 189-195. 

The Morrison Institute for Public Policy (1999), Some best bets in residential water 
conservation: results of multivariate regression analysis, City of Phoenix, 1990-1996 -
Final Report, Tempe, AZ, May. 

Nijwening, Stefan and Javier Jarquin (2001),Water, education and training, Water Policy, 
3, Sl95-Sl99. 

NuStats: Zmud, Mia- Project Director (2002), Advertising campaign testing focus 
groups - Final Report, Austin, TX, May. 

Responsive Management (2003), Understanding the Georgia public's perception of water 
issues and the motivational messages to which they will respond- Final Report, 
Harrisonburg, VA. 

Saunders, Rachel T. (1998), Citizen volunteerism in coastal education and management 
programs, paper presented at California and The World Ocean '97: Taking a Look at 
California's Ocean Resources: An Agenda for the Future: Conference Proceedings, 
American Society of Civil Engineers. 

Shultz II, Clifford J. and Morris B. Holbrook (1999), Marketing and the tragedy of the 
commons: a synthesis, commentary, and analysis for action, Journal of Public Policy and 
Marketing, 18(2), 218-229. 

Simonovic, S.P. and M.J. Bender (1996), Collaborative planning-support system: an 
approach for determining evaluation criteria, Journal of Hydrology, 177, 23 7-251. 



214 

Sovocool, Kent A. and Mitchell Morgan, Southern Nevada Water Authority (2005), 
Quantification of water savings potential of xeric landscaping, paper presented at Arizona 
Hydrological Society 2005 Annual Symposium, Flagstaff, Arizona, 21-24 September. 

Stave, Krystyna A. (2003), A system dynamics model to facilitate public understanding 
of water management options in Las Vegas, Nevada, Journal of Environmental 
Management, 67, 303-313. 

Stave, Krystyna A. (2002), Using system dynamics to improve public participation in 
environmental decisions, System Dynamics Review, 18(2), 139-167. 

Wang, Young-Doo, Jae-Shuck Song, John Byrne, and Sun-Jin Yun (1999), Evaluating 
the persistence of residential water conservation: a 1992-1997 panel study of a water 
utility program in Delaware, Journal of the American Water Resources Association, 
35(5), 1269-1276. 

Water and megacities (2003), Water Policy, 3, S193-S194. 

Water CASA (Conservation Alliance of Southern Arizona). Evaluation and Cost Benefit 
Analysis of Municipal Conservation Programs. [http://www.watercasa.org//research/ 
ecoba/PDFs/WHOLEDOCUMENT.pdfJ Accessed 2/1/06. 

The Water Issue (2003) Outside. 

Woodard, Gary (2005), Forecasting municipal water demand to target conservation 
programs: moving beyond population and price, paper presented at Arizona Hydrological 
Society 2005 Annual Symposium, Flagstaff, Arizona, 21-24 September. 


	azu_td_hwr_0825_pg_001
	azu_td_hwr_0825_pg_002
	azu_td_hwr_0825_pg_003
	azu_td_hwr_0825_pg_004
	azu_td_hwr_0825_pg_005
	azu_td_hwr_0825_pg_006
	azu_td_hwr_0825_pg_007
	azu_td_hwr_0825_pg_008
	azu_td_hwr_0825_pg_009
	azu_td_hwr_0825_pg_010
	azu_td_hwr_0825_pg_011
	azu_td_hwr_0825_pg_012
	azu_td_hwr_0825_pg_013
	azu_td_hwr_0825_pg_014
	azu_td_hwr_0825_pg_015
	azu_td_hwr_0825_pg_016
	azu_td_hwr_0825_pg_017
	azu_td_hwr_0825_pg_018
	azu_td_hwr_0825_pg_019
	azu_td_hwr_0825_pg_020
	azu_td_hwr_0825_pg_021
	azu_td_hwr_0825_pg_022
	azu_td_hwr_0825_pg_023
	azu_td_hwr_0825_pg_024
	azu_td_hwr_0825_pg_025
	azu_td_hwr_0825_pg_026
	azu_td_hwr_0825_pg_027
	azu_td_hwr_0825_pg_028
	azu_td_hwr_0825_pg_029
	azu_td_hwr_0825_pg_030
	azu_td_hwr_0825_pg_031
	azu_td_hwr_0825_pg_032
	azu_td_hwr_0825_pg_033
	azu_td_hwr_0825_pg_034
	azu_td_hwr_0825_pg_035
	azu_td_hwr_0825_pg_036
	azu_td_hwr_0825_pg_037
	azu_td_hwr_0825_pg_038
	azu_td_hwr_0825_pg_039
	azu_td_hwr_0825_pg_040
	azu_td_hwr_0825_pg_041
	azu_td_hwr_0825_pg_042
	azu_td_hwr_0825_pg_043
	azu_td_hwr_0825_pg_044
	azu_td_hwr_0825_pg_045
	azu_td_hwr_0825_pg_046
	azu_td_hwr_0825_pg_047
	azu_td_hwr_0825_pg_048
	azu_td_hwr_0825_pg_049
	azu_td_hwr_0825_pg_050
	azu_td_hwr_0825_pg_051
	azu_td_hwr_0825_pg_052
	azu_td_hwr_0825_pg_053
	azu_td_hwr_0825_pg_054
	azu_td_hwr_0825_pg_055
	azu_td_hwr_0825_pg_056
	azu_td_hwr_0825_pg_057
	azu_td_hwr_0825_pg_058
	azu_td_hwr_0825_pg_059
	azu_td_hwr_0825_pg_060
	azu_td_hwr_0825_pg_061
	azu_td_hwr_0825_pg_062
	azu_td_hwr_0825_pg_063
	azu_td_hwr_0825_pg_064
	azu_td_hwr_0825_pg_065
	azu_td_hwr_0825_pg_066
	azu_td_hwr_0825_pg_067
	azu_td_hwr_0825_pg_068
	azu_td_hwr_0825_pg_069
	azu_td_hwr_0825_pg_070
	azu_td_hwr_0825_pg_071
	azu_td_hwr_0825_pg_072
	azu_td_hwr_0825_pg_073
	azu_td_hwr_0825_pg_074
	azu_td_hwr_0825_pg_075
	azu_td_hwr_0825_pg_076
	azu_td_hwr_0825_pg_077
	azu_td_hwr_0825_pg_078
	azu_td_hwr_0825_pg_079
	azu_td_hwr_0825_pg_080
	azu_td_hwr_0825_pg_081
	azu_td_hwr_0825_pg_082
	azu_td_hwr_0825_pg_083
	azu_td_hwr_0825_pg_084
	azu_td_hwr_0825_pg_085
	azu_td_hwr_0825_pg_086
	azu_td_hwr_0825_pg_087
	azu_td_hwr_0825_pg_088
	azu_td_hwr_0825_pg_089
	azu_td_hwr_0825_pg_090
	azu_td_hwr_0825_pg_091
	azu_td_hwr_0825_pg_092
	azu_td_hwr_0825_pg_093
	azu_td_hwr_0825_pg_094
	azu_td_hwr_0825_pg_095
	azu_td_hwr_0825_pg_096
	azu_td_hwr_0825_pg_097
	azu_td_hwr_0825_pg_098
	azu_td_hwr_0825_pg_099
	azu_td_hwr_0825_pg_100
	azu_td_hwr_0825_pg_101
	azu_td_hwr_0825_pg_102
	azu_td_hwr_0825_pg_103
	azu_td_hwr_0825_pg_104
	azu_td_hwr_0825_pg_105
	azu_td_hwr_0825_pg_106
	azu_td_hwr_0825_pg_107
	azu_td_hwr_0825_pg_108
	azu_td_hwr_0825_pg_109
	azu_td_hwr_0825_pg_110
	azu_td_hwr_0825_pg_111
	azu_td_hwr_0825_pg_112
	azu_td_hwr_0825_pg_113
	azu_td_hwr_0825_pg_114
	azu_td_hwr_0825_pg_115
	azu_td_hwr_0825_pg_116
	azu_td_hwr_0825_pg_117
	azu_td_hwr_0825_pg_118
	azu_td_hwr_0825_pg_119
	azu_td_hwr_0825_pg_120
	azu_td_hwr_0825_pg_121
	azu_td_hwr_0825_pg_122
	azu_td_hwr_0825_pg_123
	azu_td_hwr_0825_pg_124
	azu_td_hwr_0825_pg_125
	azu_td_hwr_0825_pg_126
	azu_td_hwr_0825_pg_127
	azu_td_hwr_0825_pg_128
	azu_td_hwr_0825_pg_129
	azu_td_hwr_0825_pg_130
	azu_td_hwr_0825_pg_131
	azu_td_hwr_0825_pg_132
	azu_td_hwr_0825_pg_133
	azu_td_hwr_0825_pg_134
	azu_td_hwr_0825_pg_135
	azu_td_hwr_0825_pg_136
	azu_td_hwr_0825_pg_137
	azu_td_hwr_0825_pg_138
	azu_td_hwr_0825_pg_139
	azu_td_hwr_0825_pg_140
	azu_td_hwr_0825_pg_141
	azu_td_hwr_0825_pg_142
	azu_td_hwr_0825_pg_143
	azu_td_hwr_0825_pg_144
	azu_td_hwr_0825_pg_145
	azu_td_hwr_0825_pg_146
	azu_td_hwr_0825_pg_147
	azu_td_hwr_0825_pg_148
	azu_td_hwr_0825_pg_149
	azu_td_hwr_0825_pg_150
	azu_td_hwr_0825_pg_151
	azu_td_hwr_0825_pg_152
	azu_td_hwr_0825_pg_153
	azu_td_hwr_0825_pg_154
	azu_td_hwr_0825_pg_155
	azu_td_hwr_0825_pg_156
	azu_td_hwr_0825_pg_157
	azu_td_hwr_0825_pg_158
	azu_td_hwr_0825_pg_159
	azu_td_hwr_0825_pg_160
	azu_td_hwr_0825_pg_161
	azu_td_hwr_0825_pg_162
	azu_td_hwr_0825_pg_163
	azu_td_hwr_0825_pg_164
	azu_td_hwr_0825_pg_165
	azu_td_hwr_0825_pg_166
	azu_td_hwr_0825_pg_167
	azu_td_hwr_0825_pg_168
	azu_td_hwr_0825_pg_169
	azu_td_hwr_0825_pg_170
	azu_td_hwr_0825_pg_171
	azu_td_hwr_0825_pg_172
	azu_td_hwr_0825_pg_173
	azu_td_hwr_0825_pg_174
	azu_td_hwr_0825_pg_175
	azu_td_hwr_0825_pg_176
	azu_td_hwr_0825_pg_177
	azu_td_hwr_0825_pg_178
	azu_td_hwr_0825_pg_179
	azu_td_hwr_0825_pg_180
	azu_td_hwr_0825_pg_181
	azu_td_hwr_0825_pg_182
	azu_td_hwr_0825_pg_183
	azu_td_hwr_0825_pg_184
	azu_td_hwr_0825_pg_185
	azu_td_hwr_0825_pg_186
	azu_td_hwr_0825_pg_187
	azu_td_hwr_0825_pg_188
	azu_td_hwr_0825_pg_189
	azu_td_hwr_0825_pg_190
	azu_td_hwr_0825_pg_191
	azu_td_hwr_0825_pg_192
	azu_td_hwr_0825_pg_193
	azu_td_hwr_0825_pg_194
	azu_td_hwr_0825_pg_195
	azu_td_hwr_0825_pg_196
	azu_td_hwr_0825_pg_197
	azu_td_hwr_0825_pg_198
	azu_td_hwr_0825_pg_199
	azu_td_hwr_0825_pg_200
	azu_td_hwr_0825_pg_201
	azu_td_hwr_0825_pg_202
	azu_td_hwr_0825_pg_203
	azu_td_hwr_0825_pg_204
	azu_td_hwr_0825_pg_205
	azu_td_hwr_0825_pg_206
	azu_td_hwr_0825_pg_207
	azu_td_hwr_0825_pg_208
	azu_td_hwr_0825_pg_209
	azu_td_hwr_0825_pg_210
	azu_td_hwr_0825_pg_211
	azu_td_hwr_0825_pg_212
	azu_td_hwr_0825_pg_213
	azu_td_hwr_0825_pg_214

