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Abstract 
 The growing demand for water, coupled with high outdoor water use and declining 
water supplies in the American Southwest adds uncertainty to the future of the region’s water 
availability. To increase the adoption of water conservation in the landscape, past studies have 
focused on finding what barriers slow down progress in this area, though the majority focus on 
homeowner perspectives, communication issues, and the impacts of public policies. Most agree 
that existing policies need to aim for higher reductions in water use, that public participation 
and communication be inclusive and more effective, and that educational programs be put in 
place, but this does not explain why these projects are not the standard. This study used 
interview and secondary data to find expert-recommended solutions to known barriers to 
implementation of these landscapes. The findings suggest that collaboration between different 
levels of government and stakeholders is one of the keys to developing the right conditions to 
make adoption more widespread. Moreover, many of the existing barriers can be mitigated 
together with holistic approaches. Numerous solutions are compiled and categorized under 
four major barrier types: Professional Practice, Political, Social, and Economic.  
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Introduction 
 Declining water supplies in the American Southwest due to factors such as climate 
change, current drought conditions, and increasing water demand (USGCRP, 2018) are a reason 
for concern on water availability in the region. Regional water departments, such as that of 
Tucson, Arizona, have announced they might have to cut supplies from the Colorado River in 
2030 (Crosson et al., 2021), signifying that water scarcity will remain a critical issue during the 
coming years. The Southwest ranks as one of the most water-stressed regions in the entire 
world, with New Mexico, for instance, being the 10th most-stressed place worldwide tied with 
the United Arab Emirates (Berkowitz & Blanco, 2019). Despite these facts, household outdoor 
water use in the Southwest could be as high as 60% in 2019 (US EPA) and in Arizona, landscape 
irrigation represents about 70% of residential water use and is the largest use of potable water 
(Landscaping | Arizona Department of Water Resources, n.d.). These percentages call for a 
greater emphasis on water conservation in landscape design to reduce water consumption and 
conserve the region’s water supplies. 

However, not many projects do nearly enough regarding water conservation, and this is 
largely due to the numerous barriers that impede the widespread adoption of water 
conservation in urban landscapes. Although resources on the topic of water conservation in 
landscapes are abundant and touch on topics such as efficient irrigation technologies, planting 
design, use of alternative water sources, among others (Hilaire et al., 2008; Nazemi Rafi et al., 
2019; Serena et al., 2020; Smith & Hilaire, 1999; Sovocool et al., 2006), the literature and the 
media have identified social barriers such as homeowner landscape preferences, a lack of 
communication with the public, and the difficulty of enforcing water-use restrictions. Other 
research has found political barriers, such a lack of collaboration between different levels of 
government and other actors (Gerlak, Elder, Thomure, et al., 2021; Gerlak, Elder, Pavao-
Zuckerman, et al., 2021; Zuniga-Teran & Tortajada, 2021). More barriers from different groups 
were identified in a pilot study preceding this paper. This research provides expert-
recommended solutions to mitigate the barriers to implementation of water conservation in 
landscapes from the American Southwest. 

Literature Review 
 Existing research on topics revolving water conservation and landscape architecture 
identifies several barriers with different origins, such as those coming from specific sectors of 
the population. Throughout this research, ‘barriers’ are defined as constraints to 
implementing water conservation in urban landscapes.  

Homeowner Perspectives 
 Existing literature has identified negative homeowner perspectives toward water 
conserving landscapes as a barrier to implementation. “Water conserving landscapes are not 
aesthetically pleasing and expensive to maintain,” reads one of the findings from Locket et 
al. (2002), who also cite that many homeowners find irrigation systems complex and 
counterintuitive. However, more researchers found that adding plants with long flowering 
periods and giving the landscape a proper sense of order can make people more accepting of 
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these landscapes; additionally, it is well known today that xeriscape is low-maintenance, as 
opposed to the belief cited above (Hilaire et al., 2008; Lockett et al., 2002). Multiple studies 
advocate for educational programs to increase awareness of water conservation through 
landscapes and increased adoption of water conserving measures; others call for stricter, 
more effective regulations and the use of mandatory restrictions and incentives to reduce 
water consumption (Hilaire et al., 2008; Hurd et al., 2006; Lockett et al., 2002; Lundy et al., 
2016; Spinti et al., 2004).  

Communication and Collaboration  
From the lens of communication with the public, research has identified ineffective 

communication with specific populations, such as High-Water Users and Hispanic communities; 
to be a barrier. A study found that High-Water Users (HWUs) present a challenge since their 
“behavior does not correspond with perceived importance of water conservation” (Lundy et al., 
2016). To confront this, the researchers recommended tailoring messages to the cultural 
contexts of these users, communicating through their preferred mediums of communication 
(e.g., TV, Internet, etc.), and focusing on their subjects of interest to improve their behaviors 
(Lundy et al., 2016). The same can apply for other groups, not just High-Water Users. A 
different study found how exclusion of disadvantaged communities in public engagement 
processes affects the quality of design interventions and the development of incentives and 
policies that can benefit the whole (Zuniga-Teran et al., 2021).  

As for government, multiple studies focused on Green Infrastructure (GI) have found 
that a lack of collaboration between different levels of governments can hinder the adoption of 
GI and water conservation, however, they also attribute the success of GI in Tucson to the high 
level of collaboration between different levels of government, organizations, agencies, and 
utility companies (Gerlak, Elder, Pavao-Zuckerman, et al., 2021; Gerlak, Elder, Thomure, et al., 
2021; Zuniga-Teran & Tortajada, 2021). Moreover, one of these studies stated that “water 
management in Tucson has been supported by changes in land use planning, zoning, 
transportation, and other urban development practices” (Zuniga-Teran & Tortajada, 2021), 
highlighting the importance of aligning urban development practices instead of leaving water 
conservation issues only in the hands of a few actors. 

Policy 
Lastly, research on the political aspect of water conservation has found other barriers. 

Water pricing structures were found to result in either more efficient or more wasteful water 
use depending on how they were devised (Hilaire et al., 2008). Regulations were found as 
barriers as well, due to the limitations they can impose, and on the contrary, the discord they 
may cause when they seek to reduce water use but are not suitable for all stakeholders (Hilaire 
et al., 2008). A different study on the effectiveness of multiple municipal water restrictions 
during drought periods found that voluntary programs are typically insufficient to conserve 
more water, and it recommended programs be developed carefully to avoid terminating in 
unhealthy landscapes soon after the policies are in place (Kenney et al., 2004).  
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Methods 
Study Sites 
 This research was conducted in Tucson, Arizona (see map below). The city is located 
in the Southwestern US and is considered a positive example of water conservation in the 
region thanks to its multiple efforts to conserve more water, such as making the low-water 
use xeriscape obligatory within city limits; treating wastewater for irrigation and non-potable 
uses since 1984; and offering rebates to its residents for installing rainwater harvesting 
systems (Rainwater Harvesting Rebate, 2016; Tucson Water’s Reclaimed Customers Story Map, 
n.d.; Xeriscape Landscaping and Screening Regulations - Ordinance 7522, 2014). Located in the 
Sonoran Desert, Tucson has a hot arid climate and an intense monsoon season in the 
summer. This gives the city a hot and dry climate most of the year with short periods of 
cooler weather because of precipitation events. However, the scope of this research 
comprises the Southwestern US due to the applicability of the results to other places in the 
region. 

Note. US Geological Survey (n.d.). [Arizona map with cities and main roads]. Retrieved April 
5, 2022, from https://apps.nationalmap.gov/viewer/ 

Figure 1 - Location of Tucson, Arizona 
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Research Design and Conceptual Framework 
 A cross-sectional research design was employed for this project. Data were collected 
over two periods, first from October 31 to November 13 of 2021, and second from February 
1 of 2022 to February 22 of 2022. The conceptual framework below visually shows the 
expected results from innovation, collaboration, and education mitigating existing barriers to 
implementation. 

 

Data Sources/Measures 
 Primary data obtained via interviews with professionals close to the field of landscape 
architecture are the main data source for this project. Secondary data from existing 
literature are used to complement and contrast the findings from the interviews.  

Methodology 
 Semi-structured interviews with experts were conducted. Some were recorded with 
the interviewee’s permission using a smartphone or the videoconference software Zoom. 
Interview transcripts from recorded interviews were obtained with the online software Otter 
and Voicenotebook. This allowed for flexibility with the interviewees as they had different 
backgrounds and areas of expertise. All interviewees were sent an email invitation and 
interviews took place after a date was agreed upon. They were also sent a summary of the 
notes to confirm the data reflected their statements.  

Results and Discussion  
With discouraging projections of water availability in the Southwest and landscape 

water use comprising a significant portion of the region’s use of potable water, it is 
imperative to address the obstacles to making water conservation more commonplace in 
landscape architecture projects. First, it is important to discuss what barriers exist, then 
narrow down to the specifics of what can be done to mitigate them separately or in groups. 

Figure 2 - Conceptual Framework 
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Consequently, this section will begin by listing the barriers identified in the literature and 
then focus on what experts recommend and what has been done in the past to address 
them.  

 

Barriers to Implementation 
 Five interviews were conducted for this research project, totaling six different 
interviewees. Table 1 contains a summary of the interviews as well as background 
information on each interviewee. 

Table 1 – Summary of Interviewees 

Interviewee Date of Interview Background 

#1 October 31, 2021 Assistant Professor of Landscape Architecture at the University of 
Arizona. LEED AP. Researcher on the synergies between energy 

production and landscapes. 

#2 November 3, 2021 Professor of Landscape Architecture and Urban Planning at the 
University of Arizona. Professional experience in the United States and 

China. Multiple design and research awards. 

#3 November 8, 2021 Professor of Landscape Architecture and Urban Planning at the 
University of Arizona. Renowned plant expert and international 

lecturer. 

#4 November 13, 2021 Cultural Ecologist for Watershed Management Group (WMG), an NGO 
based in Tucson. University of Arizona graduate with Ph.D. in 

Renewable Natural Resources Studies and MSc in Natural Resources 
and Agricultural Economics. Experienced on GI and environmental 

restoration. 

#5 November 13, 2021 Bachelor’s Degree in Sustainable Tourism from the Universidad 
Autónoma de Baja California Sur in La Paz, Mexico. Docent and 

Communications and Outreach Specialist for WMG. 

#6 February 16, 2022 Assistant Professor at the School of Geography, Development & 
Environment, and Udall Center for Studies in Public Policy. Ph.D. in Arid 

Lands Resource Sciences and MSc in Architecture. Has published ~50 
peer-reviewed articles. 

Note: Interviewee #5 had little participation compared to #4, who were in the same interview. 
Most data from that interview came from #4. 

 From the interviews and the use of secondary data, 20 different barriers were 
identified. A full list of barriers can be found in Table 3. They were categorized in the 
following categories based on how they originate. For example, if an existing policy prohibits 
the reuse of water for irrigation, it is considered a political barrier; if certain behaviors 
between professionals lead to design constraints, they are considered professional practice 
barriers. The four categories identified are:  
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 Professional Practice Barriers 
 Political Barriers 
 Social Barriers 
 Economic Barriers 

Table 2 below shows the number of barriers per category and a few key barriers as 
examples. Each category is then broken down to present the barriers it includes. 

Table 2 – Key Barriers per Category 

Type of Barrier Quantity Examples 

Professional 
Practice 

2 Insufficient/Ineffective communication between 
stakeholders. 

Political 6  Competing interests with other stakeholders. 
Hesitance to modify or enact policies. 

Social 6 Ineffective communication, lack of education 
and misinformation. 

Economic 6 Costs of technologies, resources, and 
maintenance issues. 

Note: Some barriers may present some overlap between categories. Those cases are explained 
in more detail over the next paragraphs. 

Professional Practice Barriers 
 Some barriers can arise from the beginning of a project or during the design process. 
Interviewees #1 and #2 spoke of these issues, citing the following barriers: lack of 
communication between professionals of different disciplines and problems with public 
participation and engagement. The next quotes correspond to each barrier respectively. 

 “There’s a firm that worked on a green roof that was designed in Scottsdale … they were 
given the building specifications based off of a Chicago architect. … The constraint was 
from the architecture in that case. … The Chicago architects were concerned about their 
building, you know, made it in a way that they were familiar with what works in Chicago, 
but didn’t consider the water constraint we have here.” (Interviewee #1). 

 “It’s pretty common with landscape architecture that we are brought in last and just 
kind of expected to do the thing around the building […] and so whatever efforts the 
landscape architects make in water conservation might be lower than they could have 
been otherwise” (Interviewee #1). 

 “… having interaction between those involved is crucial. When you let the public take 
part in a project that empowers them, and they contribute to it. Public participation is 
very important as it can lead to better solutions and can get more people to buy into 
these projects. I think that lack of [social] energy is a big barrier to overcome” 
(Interviewee #2). 
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These findings reveal the complexities and limitations of working with numerous stakeholders 
during landscape design and construction. For one, lack of communication can result in 
architectural constraints, limiting the extent to which the landscape can conserve water. Late 
involvement of landscape architects in the design process also poses limitations to what they 
can do. On the other hand, lack of public engagement can affect the success of a project. A 
study by Lundy et al. (2016) found that communication with the public is often obstructed by 
language barriers (limiting the involvement of minority groups), conflicting interests between 
parties, and the difficulty of effectively conveying messages to certain demographic groups.  

Political Barriers 
 Political barriers have been discussed to a greater extent by existing research compared 
to other barrier categories. Although water use and restrictions on landscape design are in 
effect in different places of the Southwest, for example, in the state of California (Allhands, 
2022) and in municipalities in Arizona, such as Mesa, Chandler, and Tucson (Martin, 2015; 
Xeriscape Landscaping and Screening Regulations - Ordinance 7522, 2014), multiple studies 
have identified that important barriers persist. 

 Restrictions can be ineffective and struggle to attain the reductions in water use they 
are designed for (Allhands, 2022). 

 Restrictions, especially mandatory ones, have a political cost, which keeps them from 
being more aggressive (Kenney et al., 2004). 

Multiple interviewees made comments that agree with the literature and provided additional 
insight into how political barriers obstruct the implementation of water conservation in the 
landscape. These barriers are: outdated and lax restrictions, limitations imposed by existing 
policies and the hard work it takes to change them, and hesitancy to try different solutions. 

 “I believe that we’re doing a better job with conservation, for example, with 
commercial design. […] I still believe that we are lacking with residential design, in 
landscape architecture, because I don’t feel like the restrictions have become strong 
enough to make people use less water” (Interviewee #3). 

 “Years ago, if you tried to install a composting toilet, they would tell you that is illegal 
and dangerous until you proved them wrong. Now they are legal, and they even 
promote these toilets” (Interviewee #5). 

 “Brad Lancaster (a local sustainability advocate in Tucson) started to make curb cuts 
and implement rainwater harvesting back when it was illegal and it is now allowed in 
the city, so thanks to him it is an issue that is present in the public’s mind” (Interviewee 
#2). 

 “They did not want to save water out of altruism. What they saw was an opportunity to 
save money and use that water somewhere else. […] It’s not easy, it takes a lot of time, 
many meetings, a lot of wear, it takes laws, education, understanding, numbers. […] We 
are basically educating the government and putting them to work” (Interviewee #4). 

 “We made a project for a whole town of 7,000 people. We provided them with drinking 
water, something we couldn’t have done here in the US because of legal restrictions. 
[…] We developed a super **** [expletive] system working with an engineer. The story 
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goes that the federal government wanted to make more wells, same thing as always. 
We proved that you don’t need wells. A rainwater harvesting system will be cheaper. 
Their wells would have costed 13 million Mexican pesos (629,235 USD). We were able 
to provide them with water for just 5 million (242,014 USD). […] After all, the poor 
engineer who designed all of this was fired for being more efficient” (Interviewee #4). 

These findings illustrate the extent to which politics can slow down progress in this regard. 
Restrictions, even with the intention to conserve more water, are a difficult tool to use and 
have success with. Pushing for stricter restrictions, like #3 recommends could be 
counterproductive if done wrong; however, it is still necessary to update these regulations to 
keep up with changes in water availability. Surprisingly, limitations imposed by existing policies 
pose a greater problem since more effort is needed to convince policymakers to make changes, 
as exemplified by the accounts of interviewees #5, #2, and #4. Lastly, the lack of political will to 
accept and try out different solutions contributes to the lack of rapid policy changes and 
another obstacle to increasing innovation and adoption. 

Social Barriers 
 Existing literature on social barriers has been prevalent for many years. Studies have 
identified issues such as homeowner landscape preferences in conflict with water-use 
efficiency and public communication being ineffective with certain user groups, but they have 
also alluded to the potential of increasing awareness via educational programs (Hurd et al., 
2006; Lundy et al., 2016; Spinti et al., 2004).  

Attitudes from the public on various topics come as a major barrier to increasing the 
adoption of water conservation in the landscape. Multiple interviewees cited the following 
issues as an obstacle: inconsistent behaviors related to water consumption, lack of awareness 
of environmental issues, disconnection with nature, and disconnected attitudes on climate 
change. Quotes below correspond to each topic in that same order. 

 “…when you ask people in surveys if they care about the environment, water 
conservation, and sustainability they respond yes to everything, but when it comes to 
taking action, if their neighbor has a lush yard with grass and low water efficiency, 
they’ll want to do the same to fit in” (Interviewee #2). 

 “I don’t think that people really, always relate to how low Lake Mead is. […] But again, 
they can still pay for their water bill, or they’re willing to pay a lot. … Some people will 
probably even argue that it’s not even real that we’re going to run out of water” 
(Interviewee #3). 

 “…there appears to be less and less connection [to the environment] because our urban 
areas are getting larger and larger […] it’s that disconnect with the natural environment 
[…] people are more comfortable being inside” (Interviewee #3). 

 “All cities are built on top of nature, and we forget to bring that back. […] In nature, 50% 
of rainwater infiltrates into the aquifers, but in cities that process is reverted. […] 
Because of all the hardscape, all that water that would infiltrate causes problems and 
then evaporates. We did not utilize most of that water” (Interviewee #4). 
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 “It’s very easy to say that it is due to climate change, and we blame it for everything. 
And it is true, but it’s not an excuse for me. … What are the adaptations and the changes 
we have to make to keep the river from drying out?” (Interviewee #4). 

These findings show the multiple angles from which social barriers can emerge. With social 
pressures, lack of exposure and education, and the politization of scientific issues, developing 
effective measures to tackle social barriers seems challenging, not to mention ensuring those 
measures reach their target population. One that seems especially difficult to address is 
disconnection with nature due to lack of green space in cities. The arid weather of the 
Southwest, along with the usual sprawl of American cities, adds to the challenges of increasing 
availability of green areas. Some overlap with the Political and Economic categories may exist 
with this barrier, due to the influence political beliefs and economic conditions exert on the 
population.  

Economic Barriers 
 Maintenance was identified as the major economic barrier. Both interviewees #1 and #2 
spoke of this issue. 

 “Especially with anything kind of new or innovative in the landscape, a lot of facilities 
and maintenance teams […] they do what they’re used to. And even with a maintenance 
plan, it’s not always implemented just because of routine” (Interviewee #1). 

 “Many of the landscape companies in Tucson have little training in Green Infrastructure 
which needs maintenance. […] Failure of a landscape is costly, but we need the right 
personnel and budget to maintain them, but very often we just don’t have the people to 
maintain Green Infrastructure” (Interviewee #2). 

As suggested by the quotes above, the issue of maintenance can have important implications 
on what can be done with a project and to what extent designers can make the effort to have a 
high-performance landscape or infrastructure. These are important limitations and more so in 
places where the issue of water availability may not be seen as much of a concern.  

 Economic inequities were also highlighted by two interviewees who spoke of the 
rebates the City of Tucson offers to homeowners who want to install rainwater harvesting 
systems. 

 “It worked out great for us. We only spent $300 after the rebate. The criticism of that 
kind of thing is that nobody can’t afford the $2000 dollars. If you have a credit card you 
can pay for everything then get the $2000 reimbursed, but there’s a lot of people who 
can’t do that” (Interviewee #4). 

 “In your water bill (in Tucson) you are charged $1, and those dollars go into a pot of 
money that pays for the rebate program. So, you have to pay $2000 for the cistern 
upfront […] It’s directed to people who have that money in the bank, so the voices of 
low-income people were not even considered for this policy” (Interviewee #6). 

 “Poor people are contributing and are not benefitting because most are renters. If you 
don’t own property you can’t apply. So, you are excluding a group of people” 
(Interviewee #6). 
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These quotes illustrate the complexity of making the right incentives for water conservation. As 
exemplified by #6, communication plays a critical role on developing better policies and 
avoiding the exclusion of certain user groups. Moreover, the fact that municipal incentives are a 
political decision makes this barrier overlap with both Professional Practice and Political 
concerns.  

 A few additional barriers related to economics were identified by interviewees #1 and 
#4. These barriers are: use of subsidized water pricing structures, high mobility rates, and 
lower demand for some materials such as plants. The quotes below expand on why these are 
important issues. 

 “The water pricing structure in Tucson is in favor of water conservation. In other places 
there are taxes that subsidize the cost of water to make it apparently cheaper, hiding 
the true cost of water you could say” (Interviewee #1). 

 “The rate that people are changing houses and so forth, I think that becomes a problem 
too because they’re not going to be there long term to fully realize the upfront cost to 
benefit from that water savings” (Interviewee #1). 

 “We don’t always have good availability of our native plants, because people normally 
prefer leafy, green plants as opposed to our desert vegetation, although there are great 
nurseries here in Tucson and also in Phoenix that specialize in native vegetation” 
(Interviewee #4). 

The literature supports #1’s comment on water pricing structures, as several studies have found 
that transparent (and higher) water rates have caused people to decrease their water 
consumption (Hurd et al., 2006; Kenney et al., 2004; Spinti et al., 2004). As for the limited cost-
effectiveness of residential water conserving landscapes due to high mobility, the use of 
appropriate incentives for developers and homeowners could help increase adoption for this 
group of users. Lastly, availability is a more significant problem in smaller communities that 
might not have suppliers for the necessary plants and materials, making this barrier a harder 
one to address outside of medium and large cities.  

Summary of Barriers 
 Barriers to increasing adoption are abundant and many fit under multiple types of 
barriers. In some cases, this indicates that solutions may be beyond the reach of those involved 
in a project. Political barriers are, at a glance, the hardest to mitigate, as they can limit what 
landscape architects and other professionals can do for water conservation. At the same time, 
those barriers have consequences for others in the social and economic categories. Professional 
practice was the category with the fewest barriers, although these can result in important 
constraints for a project and can affect barriers under other categories.  

Table 3 on the next page shows recommended solutions for each barrier type. The 
solutions are introduced in more detail under separate sub-headings in the next section. 
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Table 3 – Summary of Barriers by Category 

Type of Barrier Identified Barriers Proposed Solutions 

Professional 
Practice 

 Lack of communication/collaboration between 
professionals of different disciplines. 

 Need for more public participation. Public 
participation may not always be effective (S). 

 Adopt standards such as LEED to 
promote interdisciplinary 
collaboration. 

 Engage the public in the decision-
making process for landscape 
architecture projects. 

Political  

 

 Mandatory restrictions are difficult to enforce and 
do not always result in the desired savings; non-
mandatory restrictions are generally insufficient. 

 Both voluntary and mandatory restrictions have a 
political cost (S). 

 Competing interests from governments, the public, 
and other stakeholders (S; E; PP). 

 Water use regulations may not be strict enough at 
all levels and for all users where they are present. 

 Existing policies can limit and even prohibit water 
conservation efforts and changing them can 
required significant effort (S; E). 

 Old ways of doing things remain entrenched in 
political processes. 

 Increase public participation and 
collaboration among all 
stakeholders. 

 Continue to educate the public and 
the government to push for stricter 
regulations and more flexible laws 
for water conservation efforts. 

 Innovate and demonstrate the 
effectiveness of alternative 
solutions. 

Social   Communication with the public is not always 
effective with some user groups. 

 User behavior is not always consistent with their 
beliefs. 

 Lack of awareness of environmental issues and 
disconnection with nature due to limited green 
space. 

 Misinformation on water issues; negation of 
reduced water availability (P). 

 Social and political hesitancy to use alternative 
water sources (P). 

 Radical views on climate change (i.e., skepticism on 
one end and hopelessness on the other) (P). 

 Ensure that communication is 
inclusive and tailored to the multiple 
stakeholders. 

 Educate the public, preferably 
starting from an early age, about the 
local environment. 

 Provide meaningful experiences in 
the landscape and make them more 
widely available to increase 
exposure. 

 Find adequate ways of accurately 
educating the public about climate 
change and water issues. 

Economic  Maintenance plans are not always followed (PP). 
 Lack of qualified personnel to maintain innovative 

or more complex features in landscapes (i.e., GI) 
(PP). 

 Some systems are prohibitively expensive for the 
scale of many projects (e.g., active rainwater 
harvesting; advanced, water-efficient irrigation 
technology); low-income people not eligible for 
incentives. 

 Subsidized water cost structures in different cities 
(P). 

 High mobility rates make water conservation 
harder to sell in residential projects (S). 

 Lower demand of some materials; plants; 
technologies make them less widely available (S). 

 Invest in training more people on 
innovative landscape features. 

 Take advantage of economies of 
scale to incorporate water 
conservation into the design of large 
projects. 

 Find ways to reduce the overall cost 
of water-efficient landscapes to 
increase adoption. 

 Standardize water cost structures at 
the regional level. 

 Develop incentives with all people in 
mind, not exclusively wealthy user 
groups. 

Note: Some findings present overlap with other categories, and for clarity those are labeled 
with the letters PP (for Professional Practice), P (for Political), S (for Social), and E (for 

Economic). 
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Recommended Solutions and Where to Start 
 Solutions found through the interviews and literature review are presented under their 
respective categories, similar to the previous subsection of this discussion. Once again, overlaps 
are explained when applicable. Table 4 below shows the number of solutions for each barrier 
type.  

Table 4 – Identified Solutions per Category 

Type of Barrier Quantity Summary 

Professional 
Practice 

2 Promoting collaboration. 

Political 3  Working on innovative policies, incentives, educational 
programs, and collaborative efforts. 

Social 4 Improving and expanding educational campaigns and 
methods of communication. 

Economic 5 Promoting standardization, use of incentives, and 
fostering innovation. 

Note: Some solutions present overlap between categories. Those cases are explained in more 
detail in their respective paragraphs.  

Professional Practice 
 The main solution for the barriers under this category consists of promoting 
collaboration.   

 Interviewee #1 spoke of how adopting sustainable construction standards can help 
achieve this: “LEED has actually been really influential in bringing together not only the 
design team, but also the construction team and even maintenance team early on to, 
you know, get rid of some of those tradeoffs and really capitalize on the synergies”. 
They emphasized that LEED remains more architecture-focused, but the United States 
Green Building Council (USGBC) also has SITES, a certification system for sustainable 
landscapes. 

As for mitigating public participation problems, Lundy et al. (2016) recommend 
employing the following strategies to better communicate with certain user groups, especially 
HWUs. They recommend situating messages to them within their cultural contexts (e.g., 
translating messages into Spanish for Hispanics), communicating through their preferred 
mediums of communication, and focusing on their subjects of interest to encourage water 
conservation behaviors and incentivize collaboration/public participation (Lundy et al., 2016). 
These approaches can be relatively easier to adopt compared to other solutions in the list and 
can make a meaningful difference in the design process. 

Political 
 The literature proposes the following solutions to address some of the barriers under 
this category, with restrictions being the focus. 



16 
 

 Enforcing water use restrictions carefully, making them mandatory and ensuring that 
they are reasonable as to prevent landscape deterioration soon after implementation 
(Kenney et al., 2004). 

 Authors from another study recommend that “water conservation strategies should also 
include long-term public awareness campaigns, meaningful education programs and 
effective ordinances to be successful. Therefore, public opinion surveys must be 
commissioned to generate information that is useful to water conservation programs” 
(Spinti et al., 2004). 

 “Rainwater harvesting programs combined with xeriscape regulations and the use of 
reclaimed water for landscape irrigation have significantly reduced outdoor water use – 
the largest municipal use in Tucson” (Zuniga-Teran & Tortajada, 2021). 

Following these guidelines, the political cost of restrictions can be reduced, and it can become 
easier to enforce them. The addition of educational campaigns to water conservation 
strategies helps inform the public about the importance of preserving water, making the 
population more likely to cooperate with their governing bodies when the need to make 
restrictions stricter arises. The last finding strengthens the notion that having complementary 
policies is key to achieving success with water conservation goals. 

 Interviewee #6 recommended solutions to address conflicting policies from different 
levels of government and choosing the right incentives: 

 “There is Pima County Regional Flood Control, Pima Association of Governments, the 
City of Tucson, NGOs, the Arizona Department of Environmental Quality, the Office of 
Sustainability, and there are a lot more, so lots of people working together to see what’s 
happening. The Department of Transportation now is getting on board to get Green 
Infrastructure along the streets too.” 

 “Green Infrastructure does not necessarily conserve water […]. People add more plants 
to their gardens, and they didn’t end up using less water. However, Tucson Water is still 
promoting these programs because they find that greening improves the quality of life 
of people […]. What decreases water usage in landscapes is turf removal. […] They have 
made it a lot harder for people to have grass areas if they don’t serve a specific use, you 
really have to make the case, otherwise it’s forbidden.” 

These quotes provide insight into the success Tucson has had with water conservation and how 
they achieved it. It is imperative that more city departments get involved in water conservation 
so that different policies can align towards this common goal. Their second set of quotes 
highlights the importance of evaluating the effectiveness of water conservation programs and 
having multiple policies that contribute to this objective, emphasizing the value of having 
multiple policies in place to conserve water and making Tucson a valuable precedent for water 
conservation in the American Southwest. Even though some of these policies are present in 
other cities of the region, there are more places that can adopt these programs and adapt them 
to reinforce their water conservation efforts or start working on them.   
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Social 
 Interviewees #3 and #4 spoke of education as the primary solution to address social 
barriers, with #4 expanding on the importance of properly educating the public about issues 
like climate change and the effort it takes to government officials to learn and cooperate in 
favor of water conservation. 

 On whom to target with educational campaigns, Interviewee #3 said “I’d probably start 
with the younger population, just to show some good habits. I think that can be 
helpful.”  

 “The EPA gave us a grant of half a million to answer one question: How can we teach 
the issue of climate change? […] We need different perspectives and less paranoia” 
(Interviewee #4).  

 “It’s not easy, it takes a lot of time, many meetings, a lot of wear, it takes laws, 
education, understanding, numbers. […] We are basically educating the government 
and putting them to work” (Interviewee #4). 

Similarly, Interviewee #3 advocated for making natural space more accessible and available to 
the population. 

 “I think having people be aware of even small green spaces outside their home or their 
business, potentially, a space that they enjoy is really important.”  

 “Showing people just visually, examples of good planting design, so that when they walk 
through those spaces, and they enjoy those spaces they tend to have a positive 
experience […] I would just like to reemphasize the importance of our profession 
showing effective models of how to show, you know, urban designs that are easily 
maintained and sustained with limited water.” 

Therefore, more focus should be given to the educational component of water conservation 
programs, both on how this information is taught and delivered so that it reaches all segments 
of the population. Continuing to work with government bodies is critical to increase acceptance 
and push for change in policies. With this, there would be more chances to make those spaces 
more widely available, increase awareness among the public, and fostering support for these 
efforts.  

Economic 
 Most economic barriers can only be addressed by market forces, as high upfront costs, 
lack of qualified maintenance teams, and low availability of certain plants and materials; these 
are all a result of supply and demand. However, barriers such as that of water cost structures 
depend on the decisions of those responsible for provision, which makes regional coordination 
among water departments difficult to achieve. Several interviewees suggested solutions to the 
barriers of high costs, the use of economic incentives, availability of materials, and 
maintenance.  

 “So really large-scale projects, you know, the kind of the economy of scale, I guess you 
could say, it becomes huge savings because there's so much land to irrigate or whatever 
the issue is with the water” (Interviewee #1). 
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 “Incentivize it. Help people make the change. […] In New Mexico they were paying 
people to get rid of their grass to save water. There are many options” (Interviewee #4).  

 “Tucson Clean and Beautiful is handling a neighborhood-scale incentive program with 
grants, not loans […] and so the funding is going through NGOs, and they are prioritizing 
areas that are not green. […] They are also working on making these available to renters 
as well” (Interviewee #6). 

 “Trees for Tucson, SERI, Tucson Clean and Beautiful, there are many organizations 
interested” (Interviewee #6 on low availability of desert plants). 

 “No one wants to maintain more vegetation or trees […] It’s like a hot potato. […] 
Tucson passed a bond recently to address the issue of maintenance. So now, through 
our water bill, we are charged a fee that funds programs for maintaining Green 
Infrastructure” (Interviewee #6). 

These accounts show the potential for action regarding economic barriers. Requiring large-scale 
projects to achieve a certain degree of performance or have a particular type of landscaping 
that is more water-efficient can lead to greater adoption if implemented in more cities of the 
Southwest. Ensuring that incentives are not targeted only to wealthy populations can address 
inequity issues and ease adoption in lower-income areas. Solving the availability of desert 
vegetation can be harder in some places if organizations interested in providing those plants do 
not exist in the area. Lastly, other incentive programs could start targeting populations other 
than homeowners. For example, it could be beneficial to develop incentive programs to target 
the population living in apartment communities, and the city could offer incentives to landlords 
for providing water-efficient landscapes to their tenants. 

Ultimately, making these restrictions and incentives efficient and effective can be 
challenging, and it will continue to take time for technology to advance enough to reduce the 
costs of materials and devices.  

Summary of Solutions 
 Most solutions focus on improved communication, more frequent changes in policy 
education, and having more favorable economic conditions. There is significant overlap among 
them, which allows for tackling several challenges at once. Holistic interventions could result in 
smarter ways of working around these limitations or lead to changes that diminish their 
impacts on practice. 

 An example of a project that successfully addressed some of the barriers discussed in 
this study is that of Yuma East Wetlands in Yuma, Arizona. This ecological restoration project 
along the Colorado River dealt successfully with social barriers of lack of communication and a 
misinformed population (Yuma East Wetlands, Phases 1 and 2, 2014). The landscape architect, 
as well as other partners, held numerous meetings and discussions with the concerned 
community both to consider their voices and to raise funds to make the project possible, 
resulting in a successful landscape that keeps getting donations to help maintain its functions 
(Yuma East Wetlands, Phases 1 and 2, 2014). In order to conserve even more water, the 
designers conducted analyses of the site to only choose plants that would survive with the 
levels of salinity of the area, and they even strategized irrigation methods to encourage certain 



19 
 

species to deepen their root networks so that their watering requirements would remain as low 
as possible and also reduce maintenance costs (Yuma East Wetlands, Phases 1 and 2, 2014). 

Conclusions 
 This study explored a range of solutions to different barriers to implementation of water 
conserving urban landscapes in the American Southwest. Most of the barriers that were 
identified from the pilot study that preceded this paper were found to have solutions according 
to local experts and existing research. Furthermore, many of these solutions can contribute to 
the mitigation of more than one barrier. For example, educational programs targeting the 
public or key populations can lead to a better understanding of the local environment and how 
these landscapes can contribute to healthier ecosystems and cities for all. More collaboration 
among stakeholders can result in the development of better policies for water conservation, 
which can increase adoption by improving the economic feasibility of these solutions while 
discouraging water-wasting behaviors. Innovation in design and technology can help make 
these landscapes more economical, widely accessible, and attractive for a larger portion of the 
population.  

 Fostering collaboration among disciplines and stakeholders may be the most important 
of the proposed solutions. Adopting sustainability standards such as LEED or SITES that provide 
incentives for collaboration can encourage design, maintenance, and construction teams to 
work together more closely. Involving the public as well as governments can show them why 
this work is necessary and what are its benefits. Moreover, this creates opportunities to have 
their voices heard, which could eventually lead to increased acceptance and positive policy 
changes. Education can prepare the public to contribute to these types of projects and be more 
conscious about their water-use decisions. Finally, innovation can have important implications 
for adoption as governments and other clients can be hesitant to adopt new technologies or 
design strategies if they are more expensive than traditional solutions, despite the benefits. 

 With these solutions in mind, future research on this topic could focus on testing 
solutions and assess their effectiveness. This can take place in many forms, for example, studies 
can be conducted to evaluate the effectiveness of a city’s water conservation policies or, in 
contrast, determine how much water could be saved if places with outdated policies were to 
start acting on this issue. This type of study could be applied to more solutions, such as those 
related to education and communication. Testing the impact these solutions can have on the 
adoption of water conserving landscapes or researching cases of success in multiple cities or 
projects, can both add to the literature and allow professionals to make a stronger case for the 
value of pursuing these policies and landscape designs.  

 This study focused on finding solutions recommended by experts and from recent 
research. However, the number of interviewees was small, and future work could benefit from 
a wider array of interviewees, including more professions and having conversations with 
experts from other states. Future studies would also benefit from having a larger time frame for 
data collection and a decent budget. This study was completed over a period of 3 months, 
which made it difficult to get enough interviewees and accommodate for alternatives as many 
people never replied to a request for interview. The lack of funding meant opportunities to visit 
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different cities and states of the Southwest to study existing projects or interview experts was 
not an option. 

 Despite these constraints, this study compiled a list of valuable solutions under multiple 
categories of barriers and recommends that holistic approaches be considered to mitigate or 
eliminate several barriers at once. The challenge now is to encourage the adoption of these 
practices, identify the funding for the necessary programs and supplies, and starting to 
collaborate to reach better and more environmentally responsible solutions via urban 
landscapes.  
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