3.5.4 Managerial Implications: Incremental versus Paradigm Shifting Change

While the strategies of the baseline model span across marketing, social, and
technological approaches, the results only represent incremental improvements to Placencia’s
RR system adoption and sustainability. With the model’s current structure, the maximum
improvement to the system’s sustainability is that 49% of the time, the installed systems will
provide adequate services. However, community-based perspectives revealed that improper user
behaviors during the pre-installation (i.e. “User discrepancy”) and operation of the system (i.e.
not routinely recovering resources) stifle significant improvement. As such, system installers and
managers should target these areas as leverage points to shift the community’s wastewater
management paradigm. Ishii and Boyer (2016) reached a similar finding by pointing out the
importance of appropriate behavior change and sustained system function as a means of
increasing a community’s support of urine diverting toilets. Since a paradigm shift requires
behavior change, Figure 6 depicts these changes within the model’s structure. Specifically, the
“Level of sustainability” is improved when “Resource recovery system training,” occurs and the

behavior of routinely “Recovering resources” is promoted.

48



Total working
SZ > volume of

7~
Rate of volume being Resource
added by new systems Recovery systems

<Adoption rate> -

Recovering

Actual number
........... of users fesoulrces
P O&M rate i o
Design scale of W 4 Hydraulic retention time
Resource S 7 ;
Recovery system ™ ... -
S w0 > Ob&lé/l costs
esign
User discrepanc Y O&M Emergency
pancy expenditures evacuations of
\ ,,,,,,,,,,,,, Resource
""""""""""""" Recovery systems
Resource recovery
system training
Education IéVeI
<Recovering
resources>
Budget for spending \ I Jp—
onResource  ———M» Economic Environmental
Savings from Recoyery system viabiity viabily
recovered resources
A ‘ Level of sustainability
Payback period l
Persuaded about ! Decided to adopt Confirmed by
adopting Resource X > Resource > sustaining
Recovery systems Adoption rate Recovery systerrs Recss:?;;i/item

Figure 3-6: Schematic of the system dynamics model of technology adoption and
sustainability process where paradigm shifting efforts are underlined and bolded. The
model consists of stocks (square-shaped figures) that represent some population that is
being counted, flows (valve-shaped figures overlain pipes) that signify the rate change
of the stocks, parameters (stand-alone black or grey, bracketed wording) that influence
the magnitude of a flow, parameter, or stock, and direct or indirect causal relationships
(thin, solid or dashed arrows, respectively) that reflect the source and direction of the

parameter’s influence.
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The first approach uses specialized training to address behaviors that hinder of RR
systems’ technical performance. The aim of “Resource recovery system training” is to adapt
technical instructions about the key principles of system design and operation to an individual’s
current “Education level”. Interviews and participant observations from the field indicate there is
a lack of awareness of the cause and effect relationship between reporting an inaccurate number
of system users or inconsistently performing O&M practices and the future costs incurred due to
an RR system failure. As such, this approach would train community members in the explicit
links between the short-term benefits of saving money (i.e. reducing capital cost of the system by
reporting the minimal number of users or withholding the total amount of funds budgeted for
O&M services) and the negative consequences (i.e. price of emergency evacuations or financial
penalties enforced from water quality regulations) to the systems’ provisions of wastewater
treatment. Overall, the specialized training would bridge the gap between current behavior (i.e.
high “User discrepancy” and low “O&M expenditures”) and an ideal wastewater management
paradigm (i.e. “User discrepancy” goes to zero and yearly “O&M expenditures” are aligned with
O&M costs based on system’s design) where community members are motivated by a desire to
avoid future economic and environmental costs of failed wastewater systems. However, Figure 7
shows that when this approach is simulated, the larger tanks increase the “Capital cost” and
“Payback period” which reduces the adoption performance measure. On the other hand, the
sustainability performance measure improves because the “Design scale of the RR systems”
increases the system’s capacity and its wastewater treatment performance. The training also
improves the “O&M expenditures” which reduces the “Sludge accumulation rate,” resulting in
better “Economic and Environmental viability” and a higher sustainability performance measure

(i.e. from 17% to 20%).
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Figure 3-7: The SD model’s simulation of the number of RR systems adopted over time
(black) super imposed atop sustained systems (gray). The individual behavior change
graphs are shown for (a) recovering resources and (b) Resource Recovery system training.
The adoption and sustainability performance measures and statistical significance (when
compared to the baseline simulation) are noted beneath each graph. The (c) paradigm
shifting scenario that combines the resource recovery and system training efforts is also
shown with its performance measures and statistical significance.
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Next, the approach of “Recovering resources” allows either system adopters or
installers/managers to maximize the financial gains and technical benefits from routine sludge
harvesting. This action would contribute to a reduction in the “Payback period,” and “O&M cost
by design” as well as the “Sludge accumulation rate”. Interviews and participant observations
confirmed that system adopters in Placencia, although were aware of their system’s resource
recovery capabilities, rarely practiced the resource recovery behaviors themselves (see Section
2.0). Instead, adopters have either taken an “out of sight, out of mind,” approach where they have
neglected routine O&M or have preferred to pay the installer/manager to sporadically perform
the resource recovery task. Consequently, this behavioral insight reveals an opportunity for
adopters, to drive down their “Payback period” by harvesting and selling the sludge to
Placencia’s nearby banana plantations for a modest profit. On the other hand, due to the
economies of scale, system installers/managers may be more inclined to offer their sludge
management services on a regular basis so that the harvested volume, and thus their profit, is
greater when being sold to local agricultural users. Lastly, systematic sludge harvesting reduces
the O&M cost to adopters (i.e. the price is based upon the volume of sludge being managed) and
improves the RR systems’ technical performance (i.e. increased “Hydraulic retention time”).
When simulating this behavior change, the adoption performance measure increases from about
133 to 143 RR systems at the end of the simulation period due to the economic savings that
decrease the “Payback period”. The approach also reduces the “Sludge accumulation rate” and
improves the wastewater treatment capabilities. These benefits positively influence the
“Economic and Environmental viability” and increase the sustainability performance from 17%

to 25% over the total simulation period.
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However, when the behavior change approaches are simulated together, synergies within
the model’s structure result in a significant effect. For example, while the “Resource recovery
system training” decreased the adoption performance measure (i.e. increased tank sizes, greater
“Capital costs”, and longer “Payback period”), the behavior change of “Recovering resources”
compensated for that negative effect. As the amount of “Savings from recovered resources”
increases, the “Payback period” decreases and the financial hindrance to adopt this new
technology becomes less burdensome. Furthermore, the paradigm shift increases the “Total
working volume of the RR systems” through improvements to the system design, a higher
“O&M rate”, and lower “Sludge accumulation rate”. The combined effect of these changes
drastically improves the technology’s sustainability performance measure from 17% to 75% (p =
0.00). Overall, the synergies of the combined approaches resulted in fewer instances when no
systems were sustained and improved system performance such that the technology could fully
recover after instances of failure.

Knowing this, it is important to discuss the powerful impact that adopters’ behaviors have
on sustaining the RR systems’ performance over time. Unless adopters understand and value the
economic and environmental benefits of recovering resources as an integral part of wastewater
management, the omission of routine O&M and other seemingly benign behaviors (i.e. high
“User discrepancy”) will continue to cause frequent RR system failures. Instead, if
installers/managers are interested in contributing to a transformational paradigm shift from
viewing wastewater as a problem to be avoided into a resource to be productively used, they
must transition their focus from the incremental improvements of strategic efforts to the long-

term benefits of behavior change approaches.
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3.6 Conclusion

This study presents a theory-based, community-informed SD model of the adoption and
sustainability of wastewater-based RR systems in Placencia, Belize. Literature-based theories
(i.e. theory of diffusion of innovations, theory of planned behavior, and theory of mass
conservation) were used to define the model’s framework (Madden et al., 1992; Sterman, 2000;
Rogers, 2003). The structural relationships and quantification of parameters were derived from
surveys, interviews, participant observations, water quality analysis, and a process-based mass
balance model. The qualitative perspectives that came from the community-informed approach
in this research provided site-specific nuances that were used to inform the structure of the SD
model. For instance, the social science field methods revealed a discrepancy between the actual
and reported number of users of the wastewater systems which impacted both the size of the RR
system that was installed as well as its environmental performance. With this insight, a strategy
was developed to increase the tank options that could adapt to variations in system users while
also improving the RR system’s effluent performance. Furthermore, the SD model’s behavior
was evaluated with field data and simulated to identify strategies for improving the adoption and
sustainability of RR systems. In particular, site demonstrations, a marketing strategy, and tank
options, a technical strategy, had significant impacts to the system’s sustainability, whereas only
the site demonstrations influenced the adoption performance measure significantly. The system’s
sustainability, however, were drastically improved only when a paradigm shift targeting users’
behaviors was introduced by changing the structure of the SD model. The paradigm shift
emphasized training community members in the importance of accurate RR system design and
O&M efforts to improve their value for recovered resources, desire to avoid future economic and

environmental impacts of failed systems, and long-term wastewater management capabilities.
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In summary, this study focuses on a community in Belize, but the model’s framework is
adaptable to other grassroots-based technology adoption scenarios due to its theory-based
foundation and flexible data collection methods. For instance, the approach may be applied to
other geographical locations by making basic adjustments to the model’s structure and updating
the parameters with site-specific data. However, there are limitations with the amount of data due
to the resource constrains (e.g., time, funds, equipment) for collecting various types of data using
the mixed methods approach. For instance, the water quality data (section 4.1) were not
measured at each point of the treatment processes over time. Additionally, the time series data
for RR system installations used for evaluating the model’s behavior was very limited (i.e. only
10 years). Nevertheless, this study can guide future research such as implementing the strategies
in the field to compare their efficacy at improving RR system adoption and sustainability to the
model’s simulated output. Overall, this study provides a foundation that can be adjusted for
future research and fieldwork to consider strategies and behavior changes that influence the
adoption and sustainability of different environmental innovations or technologies.
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CHAPTER 4: DECISION MAKING ABOUT WASTEWATER INFRASTRUCTURE: A
MULTI-LEVEL PERSPECTIVE OF A SOCIO-TECHNICAL TRANSITION USING A

SYSTEM DYNAMICS MODEL INFORMED BY CLIMATE CHANGE

4.1 Introduction

Protection of marine ecosystems is of paramount importance in coastal communities that
want to preserve and expand their tourism agenda (UNEP, 2015; Wells et al., 2016). However
threats to human and environmental health arise when growing tourism populations strain
existing wastewater systems and the current technologies fail to manage nutrients being
discharged into local waterways (LaPointe and Matzie, 1996; CH2MHILL, 2001; Corcoran et
al., 2010; Wells et al., 2016; Prouty et al., 2017). Nutrients, typically nitrogen, increase algal
growth in marine ecosystems, decrease the available oxygen, and result in diminished water
quality (i.e. high turbidity, low dissolved oxygen) and harm to marine life (i.e. fish kills)
(LaPointe and Matzie, 1996; UNEP, 2015). The effects to the environment from overtaxed
treatment systems are further exacerbated when impacts associated with climate change are
considered (i.e. an increased frequency of extreme weather events causing variable magnitudes
and durations of nutrient loading, greater influent volumes of water, and/or wastewater system
failures) (Corcoran et al., 2010). As such, to protect environmental health and provide sanitation
services for residents and tourists, a key priority for municipalities is the decision making
process for transitioning underperforming wastewater systems to improved treatment portfolios

(Mavrommati et al., 2013; Wells et al., 2016; Prouty et al., 2017). Improved portfolios are those

60



that either upgrade existing systems or install new wastewater technologies that are more
efficient in removing nutrients.

The factors and dynamics within the decision making process of critical infrastructure
transitions are complex and blend technical, ecological, social, and economic aspects (Hopkins
et, al., 2012). To navigate this complexity, previous studies have used a systems-based approach
called system dynamics (SD) to map the relationships and feedbacks between water and
wastewater systems’ performance measures (e.g. water quality, quantity, sustainability targets)
and parameters such as the amount of available resources, rates charged to users, capital and
operation/maintenance (O&M) costs to utilities, stakeholder perceptions, and legislative or
policy levers (Stave, 2003; Winz et al., 2009; Rehan et al., 2011; Mavrommati et al., 2013;).
Furthermore, the SD approach has also been used as a tool for simulating scenarios to inform
decision makers about the expected change in performance measures based upon installing
updated infrastructure, enacting new policies (Mavrommati et al., 2013), and implementing
financial management strategies (Rehan et al., 2011). For instance, Rehan et al. (2011) considers
different approaches to managing Canadian municipalities’ water and wastewater networks to
achieve the policy goal of becoming financially self-sustaining. The approaches included
different fiscal management mechanisms (i.e. fixed/variable user fees, unconstrained/zero
balance for utilities at the end of the fiscal year, price elasticity for water demand) that
influenced the installation, operation, and maintenance (O&M) rates within the utility’s
distribution and collection system. The researchers determined tradeoffs between the increasing
costs for critical infrastructure rehabilitation, the utility’s balance of funds, and the fees charged
to users. Rehan et al. (2011) concluded that as spending on infrastructure rehabilitation increases,

O&M expenditures decrease, and a utility’s end-of-year balance increases. However, because the
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funding for infrastructure improvements was derived from charging larger user fees that
decreased water consumption, the utility’s overall revenue decreased. The results from Rehan et
al.’s (2011) SD modeling approach provided a clearer conceptual understanding of the
complexity of the tradeoffs associated with critical infrastructure planning, but it lacked the
inclusion of climate-related strategies within the utilities” decision making processes. In another
study, Mavrommati et al. (2013) developed a model whose purpose was to represent the
dynamics between urban development (i.e. water and wastewater infrastructure), human
behavior, water quality, and the status of a coastal ecological system to determine effective
strategies for mitigating environmental consequences. The research team simulated different
scenarios such as extreme weather events, population growth, and changes in consumer
behaviors to understand their impacts on the treatment efficiency of existing infrastructure and
the consequences to water quality. Mavrommati et al. (2013) found that environmental policies
and updated technologies reduced the impacts that anthropogenic activities had on the
biologically and ecologically critical levels (BCLs) of pollutants (e.g. biochemical oxygen
demand, total suspended solids, total nitrogen). However, the study was limited in its
understanding of the decision making process about critical infrastructure and expressed the need
for future work in that area (Mavrommati et al., 2013). Overall, previous studies (Rehan et al.,
2011; Hopkins et, al., 2012; Mavrommati et al., 2013) have highlighted the complexity of
different parameters across human, engineered, and environmental systems, but none have taken
an SD approach to consider their influence on the decision making process for a coastal
community’s infrastructure transition, particularly as it is impacted by the effects of climate

change.
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The goal of this study is to develop a system dynamic model of the decision making
process for transitioning the Florida Keys to an improved wastewater treatment portfolio in order
to determine effective strategies that anticipate the impacts of climate change to improve the
portfolio’s performance measures. The following research questions are considered:

e Under normal and climate change conditions (i.e. more frequent extreme events), does
the baseline decision-making process result in a wastewater treatment portfolio that is
effective in reducing nutrient loading?

e If climate change (i.e. variable frequency and duration of extreme events) and its impacts
(i.e. variable magnitudes of wastewater system failure) are considered in the decision-
making process, will the wastewater infrastructure portfolio and performance (i.e.
reducing nutrient loading, increasing reliability) be significantly different than the
baseline conditions?

e What strategies can influence the decision making process to improve the performance
measures?

4.2 Study Site: Florida Keys, Monroe County, Florida, USA

This study focuses upon a portion of the 220-mile-long archipelago located off the
southern coast of Monroe County, Florida called the Florida Keys (LaPointe and Matzie, 1996).
The Keys are comprised of approximately 800 individual islands, all of which are not inhabited,
that are connected by a 110-mile stretch of road (U.S. Highway 1) that links the mainland at Key
Largo to Key West. The adjacent marine ecosystem is home to the world’s third largest coral
reef system (CH2MHILL, 2001). There are two distinct climactic periods—rainy (June/July to
October/November) and dry seasons (LaPointe and Matzie, 1996; NOAA, 2017). During the

rainy periods, minimum temperatures (degrees Fahrenheit) are most often in the 60’s and
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maximums are in the mid 90°s with precipitation ranging from 5-22 inches. On the other hand,
the dry season sees a range of temperatures from the upper 40’s to the upper 90’s with 4-7 inches
of rainfall (NOAA, 2017). Figure 1 shows a map of the Keys based on their three common
geographic distinctions—the Lower Keys, Middle Keys, and Upper Keys. Moving from South to
North, the Lower Keys span from Key West to Bahia Honda and Ohio Key, the Middle Keys
stretch from Marathon to Layton and Long Key, and the Upper Keys include Lower Matecumbe
Key to the Ocean Reef Club and Key Largo.

Throughout much of the last half century, the tropical climate, beautiful natural
environment, and hospitable atmosphere of the Florida Keys have encouraged population growth
and development. The development practices have dredged natural wetlands and carved into
coastal ecosystems to construct houses, hotels, and resorts to accommodate the growing tourism
industry’s demand for waterfront property. Along with these practices comes the widespread
installation of unimproved wastewater systems, cesspools and septic tanks, which discharge high
concentrations of nutrients into coastal waterbodies (LaPointe and Matzie, 1996). Both
wastewater point sources (e.g. wastewater treatment plants) and non-point sources (e.g.
decentralized systems) have been highlighted as important because they collectively contribute
to more than one-third of the region’s total nitrogen (TN) entering the surface water and are the
primary route for near shore water quality degradation (CDM, 2001_SMMP; NOAA, 2011).

Consequently, to mitigate this significant source of nutrients, the Monroe County
Wastewater Master Plan (MCWMP) was formulated to organize details for transitioning the
existing wastewater infrastructure, the vast majority of which were unimproved non-point
sources, to improved point sources systems (CH2MHILL, 2001). The goal was to provide a

strategy for transition to “responsive, flexible, and cost-effective solutions” that reduce the
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current effects of wastewater systems and satisfy future service needs (CH2MHILL, 2001). To
do this, municipalities throughout the region were encouraged to transition to improved
wastewater treatment portfolios (i.e. advanced onsite, community, and centralized wastewater

systems) whose aim was to reduce the overall nutrient loading to coastal waterbodies.
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Figure 4-1: A map of the Florida Keys based on the three common geographic distinctions—Lower Keys (LK), Middle Keys
(MK), and Upper Keys (UK). (ACE and SFWMD, 2006).
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4.3 Model Development
4.3.1 Theoretical Framework
4.3.1.1 Socio-Technical Transitions

The system of factors and dynamics in this study represents a socio-technical transition.
Socio-technical (ST) systems are the interacting elements (i.e. production, diffusion, and use of
technologies, infrastructure, regulations, culture, knowledge) that compose the framework
necessary for basic societal functions (e.g. transport, communication, cyberspace, water, and
sanitation) (Geels, 2004; Geels and Kemp, 2007). In Monroe County, municipal decision makers
are operating within a socio-technical system consisting of increasingly stringent effluent
standards for wastewater treatment facilities, economic constraints for financing infrastructure,
regional population growth ordinances, shifting community perspectives on local water quality,
and an existing array of wastewater systems— cesspools, septic tanks, centralized and
community systems, and improved onsite technologies. Within this complex network, decision
makers are tasked with the overall goal of transitioning to a wastewater portfolio that reduces the
nutrient load to the receiving waterbodies. Kemp and Rotmans (2005) shed light on socio-
technical transitions by explaining that they are not only represented by infrastructure
transformations (i.e. from one type of paradigm to another), but can oftentimes be marked by
changing decision structures—assumptions, practices, and rules (Kemp and Rotmans, 2005).
4.3.1.2 Multi-Level Perspective on Transitions

Within this context of a socio-technical transition, the study employs a multi-level
perspective to clarify the conceptual layout of the model’s structure, namely the exogenous and
endogenous aspects of decision making. As previously mentioned, the factors (e.g. wastewater

treatment technologies, population growth ordinances, economic policies, and water quality
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legislation) within the system exist and interact at various levels within society (i.e. landscapes,
regimes) to precipitate the wastewater infrastructure transitions. Figure 2 depicts the interactions
occurring predominantly within the regime level as a reinforcing loop and balancing loop
(Sterman, 2000; Braun, 2002). The causal loop diagram (CLD) represents the causal
relationships (i.e. arrows) between factors (i.e. individual parameters) based upon the polarity of
the dynamics (i.e. positive sign indicates changes in the same direction, negative sign indicates
changes in the opposite direction).

Each level within this perspective is distinctive, the landscape is the macro-level (e.g.
institutional, global) where exogenous pressures such as culture, political will, public opinion,
and population growth influence the dynamics within regimes and niches (Elzen et al., 2004;
Geels and Kemp, 2007; Savacool and Hess, 2017). Regimes are the prevailing physical, social,
and institutional networks (e.g. municipal economics, incumbent and new wastewater
infrastructure, and policies) that interact to formulate the majority of the system’s decision
making structure (Quezada et al., 2016). Lastly, niches, represent the micro-level where
technologies that are not yet in the mainstream market exist; this level is not present in this
study’s conceptual framework. Within this multi-level perspective of a socio-technical transition,
decision making at the regime level, unless otherwise explained, is assumed to adhere to the
landscape policies and financing agendas as well as the endogenous expectations (i.e. provision
of wastewater services to each regional population) and limitations (e.g. economic constraints)

set forth by the Monroe County Wastewater Master Plan (CH2MHILL, 2000).
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Figure 4-2: A multi-level perspective of the decision making process for infrastructure transitions in the Florida Keys. The
causal loop diagram (CLD) depicts the causal relationships (i.e. arrows) between factors (i.e. individual parameters) that
are linked based upon the polarity of the dynamics (i.e. positive sign indicates changes in the same direction, negative sign

indicates changes in the opposite direction).
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4.3.2 Model Formulation
4.3.2.1 Empirical Setting

A review of state-level data, government documents, engineering reports, and public
records was conducted to populate the SD model’s parameters with site-specific information.
Data was requested from the public records database of the Florida Department of Health
(DOH); a spreadsheet containing the number of advanced onsite systems installed over a 40 year
span was returned. Furthermore, when information specific to the Florida Keys was not
available, academic journals and engineering textbooks were used for developing equations,
assigning ranges or initial values for parameters, and justifying relationships between factors
within the model.
4.3.2.2 Model Structure

The purpose of this model is to represent the process of decision making about
wastewater infrastructure transitions in the Florida Keys. According to the SD modeling
approach, the structure of the model governs the behavior of the system when it is simulated
(Sterman, 2000; Stave, 2003). The system boundary for the model consists of the Lower Keys
(LK), Middle Key (MK), and Upper Keys (UK) with a particular focus on the total equivalent
dwelling units (EDUs) served by the various wastewater systems in the portfolio and the
resulting nutrient load. The model is simulated over a time horizon of 40 years, from 1987 to
2027, because this is the period of time over which the MCWMP was developed and executed.
The centralized system in Key West is outside the scope of this study because its financing is
independent of the rest of the infrastructure improvements in Monroe County.

The Florida Keys model encompasses three structurally identical systems (LK, MK, UK)

that each include detailed sub-models of (1) an environmental policy for effluent wastewater
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quality standards, (2) population and housing dynamics, (3) rules about prioritizing wastewater
projects and allocating funds, (4) municipal-based decision making on infrastructure transitions,
and (5) water quality impacts from the installed infrastructure.
4.3.2.2.1 Environmental Policy for Effluent Water Quality Standards

In 1997, Figure 3 depicts the dynamics of an environmental policy that was enacted to
improve the quality of wastewater effluents entering Monroe County’s surface waters. This
policy set into motion three areas of change to wastewater systems throughout the Florida Keys.
First, regulations for the effluent nutrient concentrations from wastewater systems were updated.
Systems with smaller capacities, <100,000 gallons per day (gpd), that tend to be individual,
onsite technologies or small package treatment plants were labeled as “Best Available
Technologies” (BAT). Their water quality standard for nutrients (i.e. Total Nitrogen or TN)
reduced from the baseline value of 20 mg/L TN to 10 mg/L TN. On the other hand, larger, often
centralized or community-scale systems (i.e. called “Advanced Wastewater Treatment” (AWT)),
>100,000 gpd, experienced an even tighter regulatory change that reduced the effluent TN
concentration from 20 mg/L to 3 mg/L. Secondly, unimproved systems (i.e. cesspools,
soakaways, and unknown systems) were decommissioned. These systems were seen as high
priority (i.e. nutrient “hot spots”) because they performed no real wastewater treatment, let alone
nutrient removal, but simply diverted the effluent from its source into an underground pit. Lastly,
traditional septic tanks were also labeled as unimproved, and their installation was phased out
over a period of 7-10 year, with less urgency than the “hot spots”. Consequently, all of the
capacity of unimproved systems (i.e. septics, cesspools, soakaways, and unknown systems) was

required to transition to some form of BAT or AWT technology.
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Figure 4-3: A causal loop diagram (CLD) of the environmental policy initiating

the change in the effluent water quality standards for the best available (BAT)
and advanced wastewater technologies (AWT) in Monroe County, Florida.

4.3.2.2.2 Population and Housing Dynamics

Given the initial population, that incorporates both permanent and seasonal individuals,

and an existing amount of housing, the level of housing coverage is the gap between what exists
and what the growing population demands. This gap in housing coverage drives the housing
demand rate which influences the stock that is applying for housing construction permits. Until
the dwelling permits are issued, construction cannot begin. Thereafter, the stock of houses grows

and increases the level of coverage. The new houses being developed, however, also increase the

population demand whose wastewater needs must be accommodated. With this growing

wastewater need in mind, the Rate of Growth Ordinance (ROGO) was a policy initiated to limit
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