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Escalating demands on urban water sources present a formidable challenge to 
practitioners in environmental and social change to more effectively promote 
water conservation strategies. This study was based on pilot project learnings 
and aimed to determine whether a sign displaying weekly local rainfall data and 
turfgrass water needs could effectively influence a Florida (USA) community’s 
water conservation. Three core data sources/methods were used: pre- and 
post-surveys, water utility data compared between treatment and control 
communities, and qualitative post-intervention feedback. The findings illustrate 
nuanced outcomes including the adoption of the rainfall sign as a central 
information source and some knowledge increases, contrasted with decreased 
engagement in the target conservation practice, no significant changes in 
water usage, and unfavorable perceptions of project approaches. Successes 
and failures of this pilot can guide professionals leading future residential 
conservation initiatives, which should better engage the target community and 
incorporate their ideas and needs into the project design.
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1 Introduction

Over the past century, the world has witnessed a threefold increase in its population, 
coupled with a six-fold surge in water usage, putting immense pressure on available freshwater 
sources (Food and Agriculture Organization, 2017; Guppy and Anderson, 2017). Projections 
indicate that by 2030, global water demand will soar by 50%, further exacerbating the already 
tenuous balance between water supply and demand (United Nations Water, 2012; UNESCO 
World Water Program, 2022). This growing disparity between demand and availability could 
expand up to 40% if significant improvements are not made in water management on a global 
scale (Guppy and Anderson, 2017). Groundwater, a vital component of the world’s freshwater 
resources, faces over-extraction challenges in multiple regions (Postel, 1999; Bates et al., 2008; 
Fielding et al., 2012; UNESCO World Water Program, 2022). With the compounding pressures 
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of population growth and climate change, this issue is poised to 
intensify. Already, it is estimated that close to half of people globally 
face water scarcity for at least 1 month per year, with an increase 
projected over the current decade (Boretti and Rosa, 2019; UNESCO 
World Water Program, 2022). Human activities, including excessive 
groundwater extraction and river freshwater use, exacerbate these 
issues (Fielding et al., 2012). Coastal communities, including those in 
Florida, United  States, where this study took place, are often 
characterized by dense and growing populations making them 
especially vulnerable to water deficiencies (Bichsel, 2011). Prioritizing 
water conservation strategies and exploring alternative water sources 
is crucial in addressing this crisis (Richter et al., 2020).

Escalating demands on urban water sources present a formidable 
challenge to educators and practitioners in social and environmental 
change, underscoring the need to better understand water usage 
patterns and more effective water conservation strategies. Residents 
with turfgrass lawns are a key stakeholder group for whom it is 
imperative to encourage behaviors that reduce water consumption in 
the lawn and landscape (McKenzie-Mohr and Schultz, 2014). 
Moreover, residents’ outdoor irrigation, known for its substantial draw 
on urban water sources (Hilaire et al., 2008), is a target practice for 
transitioning toward sustainable water resource management. 
Consequently, educational initiatives aimed at transforming the way 
residents approach their irrigation have become a central component 
of water conservation education (Postel, 2000; Steg and Vlek, 2009; 
McKenzie-Mohr and Schultz, 2014). Correspondingly, education 
professionals often promote conservation-oriented technologies (e.g., 
smart irrigation) for landscape decision-makers to better save water 
(Martini et al., 2014; Hayden et al., 2015; Warner et al., 2015).

Transforming water consumption patterns and management 
requires altering consumer behaviors (Fielding et al., 2012; Warner 
and Lamm, 2017). Yet, typical approaches such as providing 
information alone do not tend to successfully elicit conservation 
behaviors (Carrico and Riemer, 2011; Abrash Walton et al., 2022). To 
better understand and promote conservation-based behavior changes 
and technology adoption, it is crucial to consider people’s 
demographic, psychosocial, and behavioral characteristics, in 
conjunction with infrastructural factors, that influence their water 
usage (Fielding et  al., 2012; Warner and Lamm, 2017). Although 
technologies hold potential to significantly reduce water consumption 
among residents (Cardenas-Lailhacar et al., 2008; McCready et al., 
2009; Grabow et al., 2013), social barriers and norms can impede or 
delay their adoption (Kollmuss and Agyeman, 2002).

In the realm of studying water conservation, researchers have 
underscored the value of selecting target behaviors and crafting 
programs tailored to the perceptions and needs of the intended 
audience (Heimlich and Ardoin, 2008; McKenzie-Mohr et al., 2012; 
Freivogel et al., 2022). Moreover, experts recognize that barriers to 
behavior change can vary significantly based on both the audience and 
the specific activity in question (Freivogel et al., 2022). For example, 
the obstacles preventing somebody from regulating their irrigation 
system based on rainfall data will likely differ from those hindering 
them from converting their turf lawn from turf into a water 
friendly alternative.

Warner et al. (2023) focused their inquiry, also based in Florida, 
on the specific behavior of utilizing rainfall data to make irrigation 
decisions, recognizing its potential for achieving water conservation 
goals within residential landscapes. They used an audience 

segmentation approach to identify “intenders” who planned to adopt 
the behavior versus “non-intenders.” Their findings, directly linked to 
promoting the use of rainfall data to make irrigation decisions, suggest 
continuum of intent may exist, which warrants further inquiry 
(Warner et al., 2023). However, residents may encounter significant 
challenges in accessing and interpreting reliable rainfall data to inform 
irrigation practices. As Gusto et al. (2021) reported, many residents 
feel uncomfortable or unsure about how to access and apply rainfall 
data, which may hinder their ability to adjust systems based on recent 
rainfall. Beyond personal challenges, residents’ lawn and landscape 
practices may be shaped by social norms—the influences of neighbors, 
friends, and peers that often run counter to conservation needs (Locke 
et  al., 2018; Larson et  al., 2022). Within privatized planned 
communities (known as homeowner associations [HOAs] in the 
United States), research shows residents’ adoption of environmentally-
friendly landscapes may be further inhibited by uncertainty about 
whether the HOA’s policies permit these practices (Silvert et al., 2023).

While significant progress has been made in advancing 
educational and behavior change approaches for lawn and landscape 
conservation, a need persists to test and adapt such approaches 
targeted towards residents adjusting irrigation based on rainfall, 
especially within planned community contexts (e.g., HOAs). The 
present study, based on the case of a planned community in Florida, 
addresses research gaps in understanding how to connect residents to 
information about local rainfall and whether their access to such 
information can be a prerequisite to outdoor water conservation. Our 
research design employs both technical and social scientific 
approaches, based on learnings from a multi-partner project that 
included The University of Florida, the Southwest Florida Water 
Management District (Water Management District) and a cooperating 
community, Hunter’s Green, located in Hillsborough County, Florida. 
Following a research design similar to Survis (2016), we  tested a 
rainfall-based water conservation intervention to determine if 
providing residents with weekly local rainfall data could influence 
their application of supplemental irrigation and effectively reduce 
water consumption. The study included an experimental 
neighborhood where signage was installed aiming to educate residents 
about weekly water needs for healthy turfgrass and actual weekly 
rainfall amounts (inches) for a period of 52 weeks (November 2021 to 
November 2022). The signage was solar-powered (with a backup 
battery) and installed at inside the front entrance of the Hunter’s 
Green community and its data were remotely updated. Over the same 
period, water use was also monitored in a control neighborhood that 
received no weekly rainfall education.

2 Theoretical framework

The Transtheoretical Model of Change (TTM) (Prochaska and 
DiClemente, 1983) may provide insights on residents’ educational 
preferences and needs related to behavior change, and ultimately their 
adoption of a behavior (here, the adjustment of their irrigation 
according to local rainfall data). The TTM offers significant value in 
that it presents behavior change as a process that takes time rather 
than a discrete state of being, or not (Grimley et al., 1994). Thus, the 
TTM recognizes there are several stops along the route to fully 
adopting a practice (Doran et al., 2022). The TTM’s key components 
include five stages of change, the importance of people’s self-efficacy 
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in the change process, the concept of decisional balance, and a 
prescription for processes of change that support progression. Each of 
the stages are described below along with the concept of decisional 
balance. Decisional balance is essentially a person’s assessment of the 
pros and cons associated with adoption of a behavior at any given 
point in the process; the benefits of making a change must increase 
relative to the barriers (or costs) in order for an individual to progress 
(Armitage et al., 2004; Abrash Walton et al., 2022).

The stages of change begin with pre-contemplation, during which 
a person is not considering making a change any time in the near 
future (Prochaska, 2008). People in the pre-contemplation stage 
perceive the barriers to change as far outweighing the benefits. They 
may not be  aware of a problem that needs addressed (e.g., local 
drought), or they may have failed to change in the past and become 
discouraged (Abrash Walton et al., 2022). Contemplation follows, and 
at this time a person may be  considering a change, but it is not 
accompanied by any sense of urgency. At this stage, the barriers to 
change are perceived as being approximately equal to the benefits, 
which creates hesitancy. At the next stage, preparation, an individual 
intends to act in the near future, partially fueled by a growing 
perception that the benefits of the change outweigh the barriers 
(Prochaska, 2008). Often individuals in the preparation stage are 
considered an important target for behavior change interventions 
given their inclination to act (Prochaska, 2008). When someone has 
made recent and distinct changes to their behavior, they are considered 
to be in the action stage. Once the new behavior becomes more a part 
of someone’s life and they are unlikely to give it up, they are said to 
be in the maintenance stage. At the action and maintenance stages, the 
benefits of change continue to exceed the barriers.

Another well-utilized behavior change theory, Diffusion of 
Innovations (DoI) (Rogers, 2003) offered a unique means of capturing 
the decisional balance component of the TTM for the present study. 
DoI outlines five characteristics of an innovation that an individual 
considers when forming an opinion of a new idea or technology, 
which precedes a decision to adopt or not. These characteristics are 
relative advantage (in comparison to the idea or technology being 
replaced), compatibility (with values, habits, needs, and 
infrastructure), complexity (how difficult or easy the innovation is to 
use), observability (the extent to which the results of adopting can 
be  seen or experienced), and trialability (the extent to which the 

innovation can be tested before a commitment to adoption is made) 
(Rogers, 2003). Although other researchers have presented decisional 
balance measurement instruments specific to the TTM which are 
often like checklists of pros and cons (e.g., see Ward et al., 2004), 
we found the robust nature of these five characteristics drawn from 
the DoI to be salient to the study. When the theories were considered 
together and applied to the adjustment of residents’ irrigation 
according to local rainfall data, we  hypothesized that decisional 
balance (overall strength of the five DoI characteristics) would exhibit 
a positive trend in later stages of change.

There is a dearth of research integrating the DoI characteristics 
with the TTM as we did here (illustrated by Figure 1). However, 
researchers have demonstrated variability in other behavior 
change theory variables (e.g., those of the Theory of Planned 
Behavior) between TTM stages (Armitage et  al., 2004), which 
demonstrates the potential value in doing so. In their 
transportation-focused study, Nehme et al. (2016) compared the 
DoI characteristic of compatibility across TTM and DoI stages, 
suggesting DoI fit their context better than TTM, but leaving the 
potential of integrating DoI characteristics with the TTM for 
other researchers to consider.

The TTM has been lauded for its application within water 
conservation contexts (Hassell and Cary, 2007) and as both a formative 
and summative evaluation tool (Abrash Walton et al., 2022). Rather 
than considering people at the earliest stages, who may otherwise 
be labelled unmotivated, resistant, or simply non-adopters, the TTM 
can be used to detect the undercurrents which may eventually lead to 
change (Prochaska, 2008). Because those in later stages of the TTM 
are more likely to adopt, it is advantageous to understand a 
community’s perceptions surrounding the behavior in order to 
support advancement to a later stage (Doran et  al., 2022). Our 
application in the present study allowed us to identify possible 
gradients in change that would have been overlooked with an absolute 
view of change.

3 Purpose and objectives

This study, based on pilot project learnings, aimed to determine 
whether a sign displaying weekly local rainfall data and turfgrass water 

FIGURE 1

Integration of the Transtheoretical Model and Diffusion of Innovations.
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needs at a Florida community’s entrance could effectively influence 
residents’ water conservation.

The objectives of the study were to evaluate residents’:
 1. Shifts toward adjusting irrigation based on local rainfall during 

the intervention period
 2. Decisional balance perceptions according to their stages of 

engagement in landscape water conservation
 3. Changes in water use during the intervention period
 4. Reactions to the project’s educational approach

4 Methods

We used a multi-method research design to collect, analyze, and 
interpret different types of data using distinct approaches without the 
integration process characteristic of a mixed methods design (Morse, 
2003; Creswell and Plano Clark, 2018) (Figure 2). Before carrying out 
the study, the University of Florida Institutional Review Board 
reviewed and approved the protocol (Protocol # IRB202100988). 
We  will now describe the research design, data collection, and 
analysis methods for the social science survey and qualitative 
components as well as the technical water use research component of 
the study.

4.1 Participants and data collection

During project planning, the Water Management District worked 
in coordination with the University of Florida to select Hunter’s Green 
as the experimental community based on the HOA leadership’s 
commitment to participation and the ability to monitor their water 
utility usage. The target population was the community’s 1,500 single-
family households. The community is described by Niche (n.d.) as 
having a “dense suburban feel” with many families and young 
professionals as residents who own their homes. The Hunter’s Green 
Country Club and 18-hole golf course is also located on the property 
along with nature and park and recreation spaces (Hunter’s Green 
Master, 2024, p.1). Hunter’s Green is located in Southwest Florida 
within the city limits of Tampa with a full population (beyond the gated 
HOA community) of 24,433 per the 2020 Census—compared to a 2010 
Census of 14,321 (United States Census Bureau, n.d.). Hunter’s Green 
is located in Hillsborough County, which is designated with the rural–
urban continuum (RUC) code of 1 (Metro - Counties in metro areas 
of 1 million population or more), which corresponds to the highest 
degree of urbanization (Economic Research Service, 2024). The 
median age in Hillsborough County is 37.8 years, nearly five years less 
than the state’s median age (United States Census Bureau, n.d.). The 
median household income in the county is $74,308, which exceeds the 
state median. Hillsborough County’s employment rate (63.1%) exceeds 

FIGURE 2

Research activities and timeline.
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the state’s (56.8%) while homeownership (61.2%) is below the state’s 
rate of 67.2% (United States Census Bureau, n.d.). Hunter’s Green has 
been recognized for high water use and also a high number of irrigation 
restriction citations (Ozan and Alsharif, 2013). The residents of this 
community have been described as being “in a difficult position” (Ozan 
and Alsharif, 2013, p. 380) because they must choose to adhere to local 
irrigation restrictions or face the fines set by the community for not 
meeting landscape aesthetic requirements.

For the social science focused components of the project 
(Objectives 1, 2, and 4), parallel pre- and post-surveys were 
disseminated in the experimental community before and after the 
52-week rainfall sign intervention. The post-survey included open-
ended feedback boxes for respondents to share how the project could 
have been improved to better inform turfgrass irrigation practices, 
which provided the qualitative findings in this study. We employed 
mixed-mode dissemination of the survey (electronic mail and postal 
mail) to improve the response rate and increase access to the study 
among people who were less likely to participate in one mode 
(Newberry and Israel, 2017). Multiple contacts (email reminders) 
were also used to increase response rates (Dillman et al., 2009).

The surveys were first disseminated using anonymous Qualtrics 
survey links that were sent out by the community association manager 
to the residents via a community listserv. Figure 2 illustrates when the 
pre-survey data collection was conducted between May and July 2021 
and post-survey data collection between November 2022 and January 
2023. Three email reminders were sent out during both data collection 
phases, and two to three weeks following the first communication of 
the online survey link, we mailed out paper versions of the survey. 
Mailed surveys included a QR code and web link to encourage 
respondents to complete the survey electronically, but they could also 
complete a hard copy of the survey and return it using a pre-paid 
envelope. In total, we received 440 electronic and 184 mailed/paper 
pre-surveys (total pre-surveys = 624) and 463 electronic post-surveys 
and 90 mailed/paper surveys (total post-surveys = 553). We applied 
settings within Qualtrics to prevent respondents from submitting 
duplicate online surveys.

4.2 Instrumentation

We designed the pre- and post-survey instrumentation to allow 
for comparative analysis to determine changes in residents’ self-
reported perceptions, knowledge, and behaviors over the project that 
may be  attributed to the educational intervention. Both surveys 
included two screening and background questions about whether 
respondents had a sprinkler or irrigation system for their lawn/
landscape and whether they directly controlled how often the system 
runs (versus a contractor or the HOA). If a respondent answered No 
or Unsure to having a sprinkler or irrigation system, they were exited 
from the online survey and subsequent online or paper responses were 
not used for analysis.

Among the questions used for analysis in this study, we assessed 
residents’ frequency of obtaining information about irrigation and 
water use in their lawn and landscape. Nine sources (including an 
“other” write-in option) were included in both the pre- and post-
surveys, but the post-survey included the addition of the Hunter’s 
Green rainfall sign as a source. The five-point frequency response scale 
for source frequency was: Never (1), Sometimes (2), About half the time 

(3), Most of the time (4), and Always (5). We also gauged knowledge 
pertaining to different ways residents could obtain rainfall data, 
analyze such data to make irrigation decisions, and operate their 
irrigation controller. Our five-point response scale for the knowledge 
items (and multiple other questions) was: Strongly disagree (1), 
Somewhat disagree (2), Neither agree nor disagree (3), Somewhat agree 
(4), and Strongly agree (5). A set of five questions were used to measure 
engagement in lawn/landscape conservation practices relevant to the 
focus of the project. We applied five five-point Likert-type response 
scales modified from the Transtheoretical Model stages of behavior 
change for these questions: Not important to me (1), I’m considering 
this (2), I’m doing this occasionally (3), I’m doing this regularly (4), and 
This is a consistent part of my life (5). Tests of reliability, using 
Cronbach’s alpha coefficient (α), indicated that the information 
sources, knowledge, and engagement measurement indices were 
sufficiently reliable for social science research (all >0.65) (Ary 
et al., 2019).

We determined residents’ decisional balance related to adjusting 
their irrigation based on rainfall using five sets of multiple-item 
questions—each designed to measure a different perceived 
characteristic of an innovation according to DoI (Rogers, 2003). 
Table 1 describes each of the DoI variables included in the analysis of 
the pre- and post-data. The pre and post mean (M) and reliability 
statistics are included. While most α coefficients are adequate, 
we believe the inclusion of reverse-coded items reduced reliability, 
especially in the observability and trialability indices. Accordingly, 
we removed one item from the original four items under observability 
to improve its reliability as a three-item scale.

Lastly, our qualitative findings were derived from two questions 
at the end of the post-survey: (a) How could the rainfall sign have been 
improved to better inform residents’ turfgrass irrigation practices? and 
(b) Share any feedback you  would like to provide regarding your 
irrigation practices or water conservation in the lawn and landscape. 
While initially we  planned to focus research outputs on the 
quantitative components of the project, it was determined the 
qualitative feedback should be equally considered and incorporated 
to more fully illustrate nuance and provide deeper explanations across 
the findings.

4.3 Data analysis

We employed the following three data analysis approaches based 
on the study objectives and the different types of data collected:

4.3.1 Pre- and post-survey data analysis
We used SPSS (version 29.0) to analyze the survey data in this 

study. We  first cleaned, addressed missing data, and assigned 
appropriate values to the pre- and post-survey datasets following data 
collection. Then, the two datasets were merged to perform comparative 
analyses. We applied descriptive procedures to generate measures of 
central tendency and compare pre- and post- means. For the second 
objective, we  disaggregated the data to calculate DoI perception 
means for the practice of adjusting irrigation based on weekly rainfall 
according to the five stages of change. Lastly, non-parametric tests 
(Mann–Whitney U) were conducted to determine statistically 
significant differences based on the data not adhering to all 
assumptions required for linear models (Ary et al., 2019).
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TABLE 1 DoI variables that constitute decisional balance.

Construct Items Pre-M Post-M Pre-α Post-α
Relative advantage (4 items) Adjusting my irrigation practices based on recent local rainfall is better than irrigation practices I used 

in the past

4.29 4.10 0.80 0.87

Adjusting my irrigation practices based on recent local rainfall will improve the quality of my lawn/

landscape

Adjusting my irrigation practices based on recent local rainfall will save money on my water bill

There are benefits to adjusting my irrigation practices based on recent local rainfall

Compatibility (4 items) Adjusting my irrigation practices based on recent local rainfall aligns with the way I take care of my lawn 4.21 4.06 0.89 0.92

Adjusting my irrigation practices based on recent local rainfall fits well with my lifestyle

Adjusting my irrigation practices based on recent local rainfall fits well with my current lawn care 

routine

Adjusting my irrigation practices based on recent local rainfall is compatible with my community’s 

landscape expectations

Complexityrd (4 items) Learning to adjust my irrigation practices based on recent local rainfall would be easy for me 4.13 3.99 0.85 0.86

Adjusting my irrigation practices based on recent local rainfall would be simple for me to do

It would be difficult for me to adjust my irrigation practices based on local rainfall received*

Adjusting my irrigation practices based on recent local rainfall is straightforward

Observability (3 items dp) I would use irrigation practices based on recent local rainfall if I saw others having good results 3.33 3.18 0.65 0.78

I am able to see how others use irrigation practices based on recent local rainfall

I would adjust my irrigation practices based on recent local rainfall if those practices became widely 

used in my community

Trialability (4 items) I would use irrigation practices based on recent local rainfall if I saw others having good results 3.77 3.71 0.58 0.70

I am able to see how others use irrigation practices based on recent local rainfall

I would adjust my irrigation practices based on recent local rainfall if those practices became widely 

used in my community

The results of using irrigation practices based on recent local rainfall are not apparent to me*

Responses could range on a five-point scale from strongly disagree (1) to strongly agree (5). An index score was calculated for each DoI characteristic using the mean of the items’ responses. rd In contrast with other variables, 5.00 indicates favorable/reduced complexity 
while increased complexity corresponds with 1.00. The range of response values for all items in the indices was one to five (five being the highest possible mean score). * Reverse coded item. dp One item originally included in the construct was removed to improve 
internal consistency.
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4.3.2 Qualitative post-intervention data analysis
We applied qualitative thematic analysis (open coding and 

axial coding) to inductively group and designate themes for 
feedback collected post-intervention (Strauss, 1987; Creswell and 
Plano Clark, 2018). Three external reviewers provided feedback 
on the analysis outputs and process to enhance trustworthiness 
(Lincoln and Guba, 1985). Although only two open-ended 
questions were included in the survey to gather qualitative data, 
through our analysis, we  found these findings provided rich, 
detailed insights relevant to understanding outcomes of the 
intervention, which would not be  fully understood by relying 
only on our quantitative findings. The inductive analytical 
process we employed allowed the researchers to derive themes 
from the raw (cleaned) data through categorization based on 
commonalities and relevance to the project scope. Our analysis 
can be contrasted to a deductive process, which would pre-impose 
themes and/or a framework, which we determined would be less 
appreciative of community voice and agency in the present study 
(Creswell and Plano Clark, 2018).

4.3.3 Water use data analysis
We used SAS 9.4 to analyze the water use data in this study. 

Comparison neighborhoods were selected using Orange County 
Property Appraisal data based on geographic proximity, ranges 
of year built, lot size, home size, numbers of bedrooms and 
bathrooms to match the treatment group. Properties in the 
Hunter’s Green neighborhood are the Treatment Group and 
homes in the Arbor Green and Cory Lake neighborhoods serve 
as the Comparison Group (see Figure 3).

To ensure that the comparison was matched to the treatment 
group, properties were removed based on the following criteria:

 • Homes built after 2010 were excluded.
 • Homes with more than 6 bedrooms or 6 bathrooms 

were excluded.
 • Homes larger than 7,500 square feet were excluded.
 • Rental homes were excluded to ensure a focus on 

homeowners who have the permission to adjust irrigation 
timers in response to rainfall.

 • Monthly water use records that were greater than 3 times the 
median for each property, and greater than 13.5kgal, were 
removed as outliers/leaks. Monthly water use records that 
were greater than 75kgal were also removed as outliers.

Ranges, medians, and average values for property features in 
the treatment and comparison groups are listed in Table 2.

Lot size and home size are components that helped to 
determine the landscape portion of the property. The comparison 
group has slightly larger lots and slightly larger homes, resulting 
in similar landscape area. Metered monthly water use data was 
provided by the City of Tampa Water Department. For the water 
use analysis, the pre-intervention period was November 2020 
through October 2021 and the post-intervention period was 
December 2021 through November 2022.

The upper threshold was 74,057 gal/month and the lower 
threshold was 748 gal/month. Daily rainfall data were collected 
from the Oregon State University’s PRISM Climate Group 
(Latitude = 28.1274, Longitude = −82.3471), which was also the 
source of rainfall data for the intervention sign. To ensure that 
the recorded rainfall was representative of the consumption 
period, daily rainfall was aggregated to match the meter read 
dates for each of monthly consumption records. Correlations 
between monthly water use and rainfall were analyzed for the 

FIGURE 3

Map of treatment and comparison groups. Hunter’s Green is in green, Arbor Green is in pink, and Cory Lake is in blue. The green area is the treatment 
group. The pink and blue areas combined make up the comparison group.
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treatment and comparison group using descriptive statistics, 
analysis of variance, and multiple regression.

5 Findings

5.1 Objective 1: shifts toward adjusting 
irrigation based on local rainfall during the 
intervention period

The majority of respondents reported that they controlled 
how often their irrigation was turned on and off, in both the pre- 
(89.2%) and post-survey (89.6%). A slightly greater portion of 
pre-survey respondents claimed that the HOA had a contractor 
who controlled turning their irrigation on and off (8.6%), 
compared to the post-survey (7.3%).

Figure  4 illustrates the shifts in residents’ use of different 
information sources to determine their landscape irrigation 

practices. Over the course of the intervention, many of the 
sources became slightly less frequented for information. However, 
more post-respondents indicated they used “other” source(s) 
than the specified sources listed, and the rainfall sign (only 
included in the post-survey) became the most used source.

Residents’ self-reported knowledge related to determining 
their turfgrass irrigation needs and accessing local rainfall 
data slightly increased for most items between the pre- and 
post-intervention measurements (Figure 5). Using independent 
samples Mann–Whitney U tests, I know how to obtain 
information about local rainfall showed almost-significant 
increases between pre- and post-means (p = 0.074; U = 106,324) 
along with I know how recent local rainfall affects the amount of 
water my lawn/landscape needs significant (p = 0.075; 
U = 105,572).

Residents’ engagement in five landscape water conservation 
practices either stayed the same or dropped over the course of the 
sign intervention (Figure 6). There were significant decreases in 

TABLE 2 Property features for the treatment and comparison groups.

Treatment Comparison

Range Median Average Range Median Average

Year built 1989–2005 1995 1995 1993–2008 2003 2002

Bedrooms 2–6 4.0 3.7 2–6 4.0 4.1

Baths 2–6 3.0 2.7 2–6 3.0 3.2

Home size 1,278–7,325 2,468 2,563 1,270–7,150 3,066 3,021

Lot size 3,592–49,600 9,600 11,017 4,619–51,260 10,500 11,710

FIGURE 4

Residents’ frequency using various landscape irrigation and water use information sources. Pre-survey n  =  450–456 and post-survey n  =  426–431. 
Respondents were asked to indicate the frequency of their information-seeking from a variety of sources. The five-point frequency response scale 
was, Never (1), Sometimes (2), About half the time (3), Most of the time (4), and Always (5). Information sources provided by respondents for the ‘Other’ 
category included Lawn care contractors, Mobile weather apps, and Lawn self-inspection. The rainfall sign option was not included in the pre-survey 
as it had not yet been installed.

https://doi.org/10.3389/frwa.2024.1395414
https://www.frontiersin.org/journals/Water
https://www.frontiersin.org


Silvert et al. 10.3389/frwa.2024.1395414

Frontiers in Water 09 frontiersin.org

reported engagement for two practices, including this study’s 
central practice of reducing lawn/landscape watering based on 
weekly rainfall (p = 0.006; U = 116,555). Additionally, Reduce how 
often I irrigate during the shorter and cooler months of fall and 
winter was significantly less post-intervention (p = 0.006; 
U = 116,400).

5.2 Objective 2: decisional balance 
perceptions according to their stages of 
engagement in landscape water conservation

When examined by stage, residents’ perceptions representing 
their decisional balance remained at similar levels pre- and 

FIGURE 5

Residents’ knowledge about determining irrigation needs based on recent local rainfall. Pre-survey n = 461–463 and post-survey n = 430–435. Respondents 
were asked to rate their level of agreement with the four statements pertaining to their knowledge about obtaining or using information on recent local 
rainfall to determine landscape water needs and their knowledge on operating their irrigation controller based on watering needs. The five-point response 
scale was, Strongly disagree (1), Somewhat disagree (2), Neither agree nor disagree (3), Somewhat agree (4), and Strongly agree (5). Responses approaching 
a 5.0 score indicates greater knowledge of the behavior while those approaching a 1.0 score indicate lesser knowledge of the behavior.

FIGURE 6

Residents’ engagement in landscape water conservation practices. Pre-survey n  =  521–530 and post-survey n  =  480–487. Residents were asked about 
their frequency engaging, if at all, with different landscape conservation practices. Possible responses and value scores assigned were Not important to 
me (1), I’m considering this (2), I’m doing this occasionally (3), I’m doing this regularly (4), and This is a consistent part of my life (5). A greater average 
response score (i.e., a value approaching 5.0) indicates more engagement with the behavior, while a lesser score (i.e., a value approaching 1.0) indicates 
less engagement with the behavior.

https://doi.org/10.3389/frwa.2024.1395414
https://www.frontiersin.org/journals/Water
https://www.frontiersin.org


Silvert et al. 10.3389/frwa.2024.1395414

Frontiers in Water 10 frontiersin.org

post-intervention at the four latter stages of behavioral 
engagement in the practice of reducing irrigation based on 
weekly rainfall. However, visible decreases occurred for the first 
stage (Not important to me) (Figure 7): relative advantage showed 
the largest difference between its pre- and post-means (−0.90 ∆) 
and trialability had the smallest difference (−0.30 ∆).

Our analysis using the overall mean, to combine all of the 
perceptions graphed against the stages of engagement (Figure 8), 
resembles most of the individual graphs in the previous figure. The 

most notable decrease can be found between the pre- and post-means 
(−0.80 ∆) at the Not important to me stage.

5.3 Objective 3: changes in water use 
during the intervention period

Figure 9 shows the monthly rainfall total and average monthly 
rainfall in the pre-intervention and post-intervention periods. Average 

FIGURE 7

Individual DoI perceptions at the stages of engagement. Relative advantage pre-intervention total n = 504 and post-intervention total n = 467. Compatibility 
pre-intervention total n = 489 and post-intervention total n = 461. Complexity pre-intervention total n = 487 and post-intervention total n = 454. Observability 
pre-intervention total n = 470 and post-intervention total n = 439. Trialability pre-intervention total n = 459 and post-intervention total n = 425. The five 
behavioral stages on the x axis are derived from engagement in the specified practice of reducing irrigation based on weekly rainfall.
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monthly rainfall was 5.4 inches/month before the intervention, 5 
inches/month during the intervention, and 4.3 inches/month after 
the intervention.

Figure 10 shows average monthly water use for the treatment 
and comparison groups. Before the intervention, average monthly 
water use for the treatment group was 11.1 kgal/month and was 
weakly correlated with monthly rainfall. During the intervention, 

the average monthly water use for the treatment group was 10.4 
kgal/month and the correlation with monthly rainfall decreased 
slightly. After the intervention, average monthly water use for the 
treatment group was 11.4 kgal/month and was weakly correlated 
with monthly rainfall. Before the intervention, average monthly 
water use for the comparison group was 12.3 kgal/month and was 
weakly correlated with monthly rainfall. During the intervention, 

FIGURE 8

Combined DoI perceptions at the stages of engagement. Pre n  =  442; post n  =  411. The five behavioral stages on the x axis are derived from 
engagement in the practice of reducing irrigation based on weekly rainfall.

FIGURE 9

Average monthly rainfall and pre- and post-intervention averages for the analysis period.
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the average monthly water use for the comparison group was 11.3 
kgal/month and the correlation with monthly rainfall decreased. 
After the intervention, average monthly water use for the 
comparison group was 12.7 kgal/month and was weakly correlated 
with monthly rainfall.

Average monthly water use in both the treatment and comparison 
groups decreased in the period during the intervention even though 
rainfall decreased slightly. Water use for the treatment group 
decreased by 8.3% during the intervention and water use for the 
comparison group decreased by 6.7% during the intervention. The 
difference in the decreases in water use were not statistically 
significant due largely to the variability in water use and change in 
water use within the groups. Water use increased slightly in both 
groups in the post-intervention period, although the change was not 
statistically significant for either group. In addition, the proportion 
of properties whose water use was more closely correlated with 
rainfall after the intervention was not statistically different between 
the treatment and comparison groups.

5.4 Objective 4: reactions to the project’s 
educational approach

Figures  11–15 each visualize the inductively derived 
overarching themes describing qualitative data gathered post-
intervention. Within each figure (where relevant), color-coded 
boxes represent sub-themes and contain illustrative quotes. More 
quotes than any of the other themes were coded into Figure 11’s 
overarching theme and single sub-theme. These data reflect 
residents’ perceptions that the information transmitted via the 
sign was not reliable enough to guide their irrigation. Some 

suggested that the sign was not effective because the rainfall 
amount was only updated weekly rather than more frequently or 
in real-time. Residents also doubted accuracy of the data based on 
comparing the sign’s rainfall reading to their home monitoring 
tools as well as their sensory observations of the weather.

Residents voiced a variety of issues about how the sign was 
designed along with suggestions on alternative ways rainfall data 
could be communicated, proposed as potentially more effective 
than the sign (Figure 12). Text messages, social media, emails, or 
a mobile application were among these alternative modes 
proposed to share such data. People found both the sign’s physical 
design (e.g., text size, location, etc.) as well as its text contents to 
inhibit understanding and retention of the information and 
recommendations for water conservation.

The data in Figure 13 describe how residents felt there was a 
lack of communication and education to build their buy-in to the 
project along with their technical know-how to implement 
corresponding irrigation conservation practices. A sub-theme 
describes how some residents’ ability to engage in the target 
practice was limited or non-existent due to the HOA’s control over 
their irrigation. Under another sub-theme, residents explained 
that the HOA, while signed up for the project on paper, did not 
genuinely participate, and rather, would wastefully use outdoor 
water and fine residents for their lawn appearance.

Residents proposed diverse types of solutions to improve 
lawn/landscape (Figure  14). People recommended automated 
systems and weather stations and one respondent asked if the 
municipality could subsidize adoption of smart irrigation systems. 
Residents also claimed that reduced-turf lawns would be  a 
solution to improve the community’s water usage, but the HOA 
may not permit this aesthetic.

FIGURE 10

Average monthly water use for the treatment and comparison groups during the analysis period.
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The final visualization of qualitative feedback demonstrates that 
overall perceptions of the project ranged from highly positive to highly 
negative (Figure 15). Some residents wanted the sign intervention to 

become permanent and felt it helped them reduce their landscape water 
use. Others complained about the perceived unsightliness of the sign, 
its uselessness, and the waste of money invested in the project.

FIGURE 11

Technical sign issues as a rainfall data source illustrative quotes (112 total).

FIGURE 12

Data access and visibility illustrative quotes (51 total).
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FIGURE 13

Community buy-in and education illustrative quotes (59 total).

FIGURE 14

Residents’ perceived water conservation barriers and solutions illustrative quotes (52 total).
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6 Discussion

Professionals and community leaders engaging in conservation 
education and outreach can improve the design and execution of their 
efforts by learning from this Florida-based pilot project’s successes as well 
as its failures, or missteps. Experts advocate for the publication of reports 
on conservation failures for others to learn vicariously, yet such cases are 
rarely found in the literature (Stravinsky, 2000; Sunderland et al., 2009; 
Catalano et al., 2019). Our three sources of findings—pre- and post-
surveys, water usage data, and qualitative feedback—reveal nuance in 
project outcomes, which includes the adoption of the rainfall sign as a 
central information source and some knowledge increases, in contrast 
with decreased engagement in the target conservation practice, no 
significant changes in water usage, and residents’ unfavorable perceptions 
of the target practice and project approaches.

Considering the drop in residents’ adjusting irrigation based on local 
rainfall in conjunction with other findings sheds light on potential 
reasons for this failed attempt at shifting behaviors. Moreover, residents’ 
increased exposure to rainfall data may have led to slight knowledge 
increases related to the practice but was an insufficient means to improve 
residents’ decisional balance perceptions that would convince them to 
adopt and actually reduce water consumption. The narrow scope of the 
project’s education, by focusing on providing rainfall data without 
engaging the community to learn how to do the practice and its benefits, 
may have further constrained achieving behavioral outcomes. Decisional 
balance most notably decreased for residents in the pre-contemplation 
stage. The transtheoretical model (TTM) posits that people in the 
pre-contemplation and contemplation “starting stages” of behavior 
change are most likely to progress toward adoption if they build 
awareness about a problem and its solutions, learn how the change would 
bring them benefits, and identify resources to support the change (Fava 
et  al., 1995). Arguably, these three conditions were inadequately 
addressed via the project, which concentrated on basic information 

transmission about rainfall amounts and the recommendation to use it 
for irrigation decisions. According to Fava et  al. (1995), sustainable 
engagement by people further along in the TTM stages of change (i.e., at 
preparation, action, or maintenance) depends on social support for the 
change, perceiving greater benefits from the new behavior, and the 
replacing prompts (or stimuli) to engage with the old behavior with 
prompts for the new behavior. In this study, residents’ reduced decisional 
balance may have also stemmed from a lack of social support from the 
community and its leaders coupled with invisibility of benefits. Notably, 
the sign became the most-used source for rainfall data, but alone, this 
may not have been an effective enough prompt to spur changes 
in behaviors.

Residents’ qualitative feedback helps to better explain why the 
theorized change in conservation did not occur as well as specific 
barriers and solutions that the project did not address. Numerous 
technical issues and perceptions of unreliable data were voiced by 
residents, indicating they paid attention to the sign but could not confirm 
the accuracy of its data. Some residents checked the sign’s weekly amount 
against their own sensors or gauges and others seemed unwilling to trust 
the sign without knowing more about the data source and its credibility. 
Namely, a resident commended the project idea but identified the 
detriment being the data component: “…the reliability of the information 
became questionable and I stopped taking it into consideration. There 
was no going back after my trust in it turned.” Sharing weekly updates 
rather than daily or real-time transmission was also identified as a pitfall 
in the project approach, as residents observed rain events during weeks 
when the sign suggested irrigation was needed. Seasonality may have 
compounded this issue, bringing forth the question of whether using the 
sign was appropriate during the Florida rainy season. Although the 
qualitative data were analyzed via an inductive lens rather than the DoI 
characteristics (like the quantitative data), this feedback underscores a 
perceived lack of relative advantage in switching practices. For instance, 
a resident expressed that “the sign was not accurate compared to my 

FIGURE 15

Broad pilot project reactions illustrative quotes (34 total).

https://doi.org/10.3389/frwa.2024.1395414
https://www.frontiersin.org/journals/Water
https://www.frontiersin.org


Silvert et al. 10.3389/frwa.2024.1395414

Frontiers in Water 16 frontiersin.org

home weather station and gauges.” However, compatibility issues were 
also raised, with residents claiming the physical sign design could have 
been improved in its readability, messaging, and even location. Some 
residents seemed to appreciate the concept but recommended using 
alternative digital methods for communicating rainfall data, such as 
mobile applications and webpages. According to User Centered Design 
theory, these challenges imply that the project team identified the 
conservation need but did not align an effective technological solution 
by actively consulting with end users of the technology and accounting 
for their engagement experiences (Still and Crane, 2017).

The qualitative data also underscore the shortfalls of the project’s 
focus on data access without community engagement and additional 
educational activities. Community members felt the sign was installed 
without any introductory meeting explaining why the Hunter’s Green 
community was a partner, the sign’s purpose, or ongoing education to 
support residents in enacting the conservation behaviors: “[The] 
community needed more education on what the system is, does, and 
why… through Hunter’s Green and individual neighborhood HOAs.” 
These gaps diminished residents’ sense of inclusion or relevance in the 
project, which are cornerstones of effective adult learning (Knowles et al., 
2015). Although some feedback praised the HOA for showing it cares 
about water conservation, multiple residents identified policies (e.g., fines 
for lawn appearance) and practices (e.g., watering the golf course in the 
rain) by the community’s leadership and management that contradicted 
the conservation goals and even presented barriers to residents’ 
engagement in conservation. For instance, a resident pointed out that 
“the issue is more Hunter’s Green not completely complying with project. 
On many occasions I’ve observed golf course and area under their 
control being watered even though the sign shows there is no need to do 
so.” Lastly, residents suggested an array of conservation solutions for the 
community to reduce outdoor water use including smart irrigation 
systems, xeriscaping, and environmentally-friendly landscape 
professionals — although they claimed the HOA would not permit the 
turfless landscapes.

Although information access and exposure can be prerequisites to 
behavior change (Finger, 1994), the results and feedback from this 
project suggest the overall approach may have contained fundamental 
flaws. Outreach and non-formal education have shifted away from 
top-down technology transfer models, common in the 1970s and 80s, 
toward more participatory and community-centered models deemed to 
bring about sustainable behavior changes (Swanson and Rajalahti, 2010; 
Suvedi and Kaplowitz, 2016). The pilot project was potentially too closely 
aligned with a transfer model, and thus, we recommend testing designs 
grounded in community engagement and participatory approaches. 
Practitioners may consider contemporary planned change paradigms 
like systems change, theorized to better address multifaceted, systemic 
problems using a pluralistic and highly participatory model (Kania et al., 
2018). A systems change community conservation effort would 
be multidimensional by working together with the community and its 
leaders to identify pathways to shift perceptions, power dynamics, 
relationships, formal policies and practices, and resource flows—all of 
which arguably contributed to the pilot project’s challenges. Moreover, 
we advise that engagement be more intentional with planned community 
leaders who express interest in partnering on conservation efforts. This 
is critical for the project team and those leaders to find ways together to 
promote an enabling environment through their policies, practices, and 
their relationships with residents—to prevent contradictions like those 
evident from this study. HOAs and their leadership—most common in 

the United States but present in concept throughout the world (Clarke 
and Freedman, 2019)—can have a significant influence over their 
residents’ landscape practices and the resulting conservation impacts 
through both formal policies and social norms. Unfortunately, this 
influence often dissuades residents from establishing environmentally 
friendly landscapes as they clash against a manicured aesthetic centered 
around turfgrass lawns (Turner and Stiller, 2020; Larson et al., 2022). The 
present study points to the opportunity to socialize community leaders 
and residents toward turfless and less-turf landscapes to better 
conserve water.

Numerous signs of success and potential catalysts for greater change 
resulted from the pilot project. Perhaps the most fundamental was the 
rainfall sign becoming the most-used source for rainfall data, which 
indicates residents were inclined to shift away from internet and other 
sources, or residents initially trusted a new university and community 
sponsored data source. We recommend that practitioners developing 
similar interventions carefully consider our qualitative findings regarding 
perceived data unreliability, potential sign messaging issues, and lack of 
clarity or transparency about the data source. It may have been more 
effective to use a localized, visible rainfall source connected to the sign 
inside the community. The qualitative data also reveal project successes 
pertaining to residents “taking the science into their own hands,” building 
awareness of the conservation need and employing their own methods 
to address it, which they deemed more effective than the sign (e.g., using 
home technologies and alternative data sources). Hence, we believe the 
evidence that the community’s residents wanted to be more engaged and 
learn more about the project illustrates their inclination to conserve. 
Future projects should employ community-building and brainstorming 
early and throughout the intervention. Furthermore, a reflection 
meeting, which we did not conduct, following such a pilot project is 
recommended to attempt to embolden residents to pursue further 
actions, possibly even leading some to shift from contemplation 
toward engagement.

7 Conclusion

The range of successes and failures resulting from this pilot project 
can guide professionals in designing and implementing effective 
future residential water conservation initiatives. A review by Catalano 
et al. (2019) found that project successes are shared nearly four time 
more frequently than project failures; yet without systematic analysis 
and peer-reviewed publication of challenges, there runs the risk of 
repeating the past instead of learning from it. Moreover, we concur 
with experts recommending a broader cultural shift within the 
research community and we hope sharing the failed attempts in this 
pilot project can be as valuable as published conservation successes. 
More specifically in response to our work, we recommend researchers 
use more participatory engagement and inquiry techniques. This 
includes an increased emphasis on collecting qualitative data to bring 
community voices to light, which was limited to two open-ended 
feedback boxes in our post-survey. Such a qualitative emphasis should 
explore the power dynamics and relational issues shown to influence 
project results. Additionally, aligned with research, ongoing project 
monitoring, with “accountability checkpoints,” should be executed to 
ensure corrections are made when intended results are not occurring.

The changes in landscape design and management practices 
needed by climate uncertainty and water scarcity are radical, and they 
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involve not only technological fixes, but a true paradigm shift in both 
the way research is performed and how knowledge and experiences 
are integrated into that research. Traditional pre- and post-
intervention survey research methods can be  useful in gauging 
specific outputs, but as the story of this pilot project demonstrates, 
they alone lack responsiveness to participants’ motivations or 
challenges inhibiting their actions or follow-ups on their intentions. 
What is needed are mechanisms to capture and respond to broad and 
unique changes in the community and in individuals to facilitate an 
inclusive vision of what a community desires to become. This is 
where participation can be leveraged to catalyze change beyond the 
initial research idea. Participation brings opportunities to move from 
individual knowledge to shared knowledge, and from personal to 
collective responsibility for the future of neighborhood landscapes. 
Yet, as this pilot shows, power dynamics and structures may be highly 
influential in mobilizing the collective, and thus strategic facilitation 
and trust-building are necessary. Schneidewind et al. (2016) called on 
scientists dealing with complex challenges to not only attempt to 
exogenously examine transformations, but for the goals of their 
research to be transformative: “[transformative science is] a specific 
type of science that does not only observe and describe societal 
transformation processes, but rather initiates and catalyzes them. 
Transformative science aims to improve our understanding of 
transformation processes and to simultaneously increase societal 
capacity to reflect on them” (p. 6). This project offers valuable insight 
into the inevitable challenges, setbacks, and failures a “green shift” 
toward more sustainable, ecologically informed landscape practices 
is bound to generate as well as practical, immediately implementable 
takeaways that can be useful to educators, policymakers, researchers, 
community leaders, and residents as they navigate the trouble waters 
of an uncertain future.
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