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Abstract 

Issues related to growing urban populations, protecting the environment and 
adapting to the changing climate cannot be ignored, especially when it comes to 
providing reliable water supply to urban areas. Cities worldwide must look to shift 
away from the traditional urban water management paradigm, characterized by a 
fragmented approach, and shift to form a new paradigm; one that manages the 
urban water cycle as a single resource, satisfying contemporary issues and 
adapting to future needs.  Understanding the anticipated effects of future issues is 
key before a new paradigm can be formed.   
     This paper analyses the potential impacts to vulnerable urban water supply in 
the coastal realm by using the DPSIR (Driver-Pressure-State-Impact-Response) 
framework.  Dunedin, a highly urbanized coastal city (on the Gulf coast of Florida, 
USA) is used as a case study to map out drivers, pressures, potential impacts and 
successful responses to water related issues.  In doing so, this case study serves to 
showcase IUWM (Integrated Urban Water Management) as the future urban water 
paradigm and provides practical lessons learned for resilient cities of the future.  
Where most IUWM case studies in literature explore only greywater and 
wastewater reuse, this paper evaluates the entire urban water cycle beginning with 
the sustainable extraction of groundwater through discharge. As a nearly closed 
loop system, Dunedin’s challenges and responses provide an optimistic case for 
IUWM.  Innovative groundwater management strategies, investment in 
infrastructure technology and aggressive recycling and conservation have 
contributed toward greater sustainability and resilience.     
Keywords: adaptation, AMR, DPSIR, IUWM (Integrated Urban Water 
Management), reclaimed water, reverse osmosis, urban water cycle, urban 
wellfield, wastewater reuse. 
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1 Introduction 

Paradigms are models or approaches that serve as examples of significant design 
practice.  They typically manifest themselves as the result of similar large scale 
conceptual approaches or design responses to the needs of the time.  As future 
challenges are encountered, there must be a shift away from segregated water 
management by utility type and transition towards a new paradigm; one that 
addresses contemporary issues as well as the anticipated pressures of future 
climate. 
     Contemporary challenges to urban water are those utilities are currently faced 
with.  The effects of urbanization and aging infrastructure are two significant 
challenges.  Extensive development has a direct on the hydrologic cycle causing 
water scarcity, flooding and changes to water quality [1–4]. Urban dwellers 
generate large volumes of waste, which must be treated and discharged, directly 
impacting water bodies, threatening water quality, negatively affecting 
recreational waters and natural systems [5, 6]. Water infrastructure in the United 
States is currently in very poor condition because of poor performance due to 
leaking distribution pipes and water main breaks [7]. Future challenges to water 
supply includes the impacts that changing climate can have on infrastructure, 
water availability and resulting changes in water quality [8]. 

1.1 IUWM 

Given these pressures on the water sector, there is a need to improve the current 
water management paradigm.  At present, the urban water cycle is managed in a 
fragmented manner through three separate infrastructure systems:  drinking water, 
wastewater and stormwater.  This method has forced water away from a natural, 
dynamic and cyclical process into a fragmented and linear type system where 
water is extracted from the environment, used, polluted and disposed of.  Natural 
systems, on the other hand, use a process where resources are constantly recycled, 
producing an extremely efficient cycle and minimizing consumption of precious 
water resources.  IUWM is a paradigm that requires the individual components of 
the urban water cycle to be managed together rather than separately [9]. By more 
closely emulating a closed loop cycle, synergistic opportunities can be identified 
and cities can be more sustainable while contributing towards climate resilience.  
In the urban environment, integrated water management seeks total system 
solutions through these primary principles: (1) minimizing the amount of pollution 
generated and discharged, (2) using/reusing water as close to its point of 
origination as possible, and (3) closely matching the required water quality for its 
intended use [10, 11].  Collectively, these key principles enable IUWM to 
potentially establish a water management paradigm that meets the needs for 
contemporary and future challenges in the urban setting. 

1.2 DPSIR 

DPSIR (Driver-Pressure-State-Impact-Response) is a framework that is widely 
accepted and used by environmental agencies worldwide to consider the strengths 
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and weaknesses of different decisions or policy strategies, especially those 
involving human decisions and how those impact the environment.  It facilitates 
decision making by taking a holistic look at how various elements are linked and 
interact [12].  In this work, the DPSIR framework will focus mainly on water 
supply in the urban context, addressing both existing and future impacts that 
ultimately affect the ability to function and reliably provide critical services.   
     In order to examine water issues in a context where water supply conditions are 
most critical, Dunedin, a small coastal city, is presented as a case study.  The 
analysis begins by identifying the urban waters, discussing the application of 
the DPSIR elements to the study site, the contemporary and future impacts 
affecting water supply in the City, and the specific responses and successful 
strategies employed in navigating these risks. 

2 IUWM case study 

The approach for this study consisted mostly of qualitative collecting data in order 
to characterize the City’s water infrastructure and management practices.  A 
literature review of the City’s documents and reports relevant to water 
management background data and challenges was conducted.  Additional data and 
anecdotal information was gleaned through surveying water infrastructure, 
interviews and meetings with water utility managers and operators, as well as 
sustainability coordinators and City urban planners.   
     The City of Dunedin is located in west central Florida on the Gulf of Mexico.  
It is approximately ten square miles in size and highly urbanized.  Although the 
City’s water cycle consists of the traditionally segregated water infrastructure, it 
can be described as a nearly closed loop cycle, operated with great efficiency 
(Figure 1).  It has a fit-for-purpose dual distribution system for its water supply, 
potable and reclaimed water. 

2.1 Urban waters 

The urban water bodies vital to the Dunedin’s community are St. Joseph Sound 
and the urban wellfield.  St. Joseph Sound is the body of water immediately to the 
west of Dunedin, and lies between its barrier islands and the mainland, making up 
four miles of its coastline.  It is the City’s recreational waters and part of Pinellas 
County’s Aquatic Preserve.  The wellfield, uniquely situated beneath the city, is 
directly linked to the health of its surrounding urban waters.  It is the City’s only 
source of drinking water and is vulnerable to the urban pollution within the 
watershed (above it) as well as the condition of the coastal waters (adjacent to it).  
The City extracts groundwater from the Upper Floridan Aquifer through 28 
production wells; 1.7 billion gallons of groundwater was extracted in 2008. 

2.2 Water infrastructure 

The water treatment plant is a reverse osmosis (RO) membrane water treatment 
facility.  It provides high quality softening (removal of calcium and magnesium) 
of raw groundwater from its urban wellfield.  The facility is the largest in the 
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United States to use greensand filtration for pretreatment to remove iron, 
manganese and hydrogen sulfide.  The combination of greensand filtration and RO 
provides high quality water to its customers, allowing for flexibility in the 
treatment of a range of water quality types, now and in the future.  The treatment 
process creates two byproduct streams:  RO concentrate and greensand filter 
backwash.  Both of these streams are sent to the WWTP.  
 

 

Figure 1: Dunedin’s urban water cycle. 

 
     The wastewater treatment plant performs a very important role in the urban 
water cycle at Dunedin: it reduces pollution and it produces an alternative water 
source for irrigation.  Figure 1 depicts these two distinct functions.  The 
wastewater treatment plant is an advanced biological nutrient removal (A2O) 
facility.  This efficient process allows for low energy wastewater treatment while 
providing high quality effluent to be used for irrigation of residential landscapes 
and golf courses, or discharged into St. Joseph’s Sound during the wet season.   
     The City’s stormwater collection system consists mostly of traditional drainage 
methods.  Roadside gutters or swales are used, using gravity to route stormwater 
through underground piping systems with outfalls to stormwater ponds or water 
bodies within its respective drainage basin.  Since St. Joseph’s Sound is 
immediately adjacent to Dunedin’s watershed basins, it receives all the stormwater 
runoff, bringing with it common urban water quality issues, caused by the 
transport of sediments and nutrients. 
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3 DPSIR analysis 

3.1 Identification of existing DRIVERS 

In order to anticipate the pressures on water supply in this coastal city, the driving 
forces were identified.  The main driving forces are urbanization and climate 
change.   

3.2 Identification of existing PRESSURES 

3.2.1 Development 
Dunedin lies within Pinellas County, the most densely populated county in 
Florida, with more than 3,000 people per square mile [13]. Dunedin has a 
permanent population of approximately 35,000, which translates into a fairly high 
population density compared to many coastal cities.  Dunedin’s white sandy 
beaches and subtropical climate also attracts temporary visitors; tourists during the 
warmer months and snow birds during the cooler months.  
     The City is nearly built-out with watersheds are 98% to 100% developed.  
Dense urban areas such as these leave little room for changing the issues they 
cause.  For instance, conventional development often has expansive impervious 
areas, which generate a significant amount of stormwater runoff.  With minimal 
pervious areas, urban flooding can be a problem.  In addition, groundwater 
recharge is obstructed and wellfield expansion is severely restricted due to the lack 
of land available for development. 

3.2.2 Coastal location 
Coastal areas pressures are a result of location, particularly due to issues regarding 
water supply.  For instance, the majority of the US population lives in coastal 
counties.  Urbanized coasts bring demands for fresh water, most of which depend 
on groundwater for at least part of their drinking water supply.  These populations 
have increased 45% in the 40 year period between 1970 and 2010, and are 
expected to grow at a faster rate than those in noncoastal areas.  Coastal cities 
are exposed to the threats of sea level rise (SLR) and changes in the frequency and 
intensity of storms, and are thus more susceptible to the effects of climate change 
than inland settlements.  The topography along Dunedin’s coast also affects 
effective functioning of water infrastructure and coastal water quality.  The steep 
slopes along the Gulf’s shoreline is such that stormwater drains by sheet flow 
directly into St. Joseph Sound and prevents its interception and treatment prior to 
outfall.  

3.3 Existing STATE of water supply 

3.3.1 Limited and sensitive water source 
The precipitation in west central Florida is approximately 54 inches annually 
(1372 mm), most of which comes during the summer months in the form of 
thunderstorms.  However, up to two-thirds of the water received returns to the 
atmosphere by evaporation or transpiration.  Coastal locations like Dunedin tend 
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to receive less rainfall than inland areas because of a lack of convectional heating 
[14]. 
     Few communities in Pinellas County supply their own drinking water; Dunedin 
is one of them.  Except for a tie-in to the Pinellas County water system as an 
emergency backup measure, it is water independent, relying on groundwater as its 
source for drinking water.  Groundwater provides the benefit of a fairly consistent, 
relatively high-quality drinking water source for Dunedin.  However, if 
mismanaged, there is a potential for undesirable impacts.  Over-pumping has also 
been known to cause land subsidence and, in extreme cases, sinkholes. Karst, a 
type of geological formation, has a tendency for a high incidence of sinkholes 
common in this geographical location. 

3.3.2 Water quality 
The existing quality of the groundwater is not ideal.  It contains high levels of iron, 
sulfide and hardness, all of which must be removed.  Furthermore, chloride levels 
in the freshwater wells have been increasing, indicating a graduate shift in 
diminishing water quality.   
     Surface waters are also susceptible to diminishing water quality, due to the 
pollutants and nutrients carried forth from pavement and landscaped areas to 
receiving waters, degrading the quality of the receiving waters [15]. Effluent from 
wastewater treatment plants also contribute to the diminished water quality.  
WWTP discharges its effluent into St. Joseph Sound. 

3.4 Identification of existing and future IMPACTS 

3.4.1 High demands 
High population densities create large demands on limited resources including 
water.  Meeting demands can lead to over pumping of groundwater and can lead 
to the draw-down of groundwater levels, causing salt water intrusion (SWI) by 
lowering the hydraulic head. 

3.4.2 Water quality 
Since St. Joseph Sound is immediately adjacent to Dunedin’s watershed basins, 
the Sound receives all of its stormwater runoff, bringing with it common urban 
water quality issues, caused by the transport of sediments and nutrients.  In 2008, 
Dunedin saw about 45 inches of rain, which translates into approximately 4.5 
billion gallons of runoff for that year alone.  The pollutant loading due to this 
volume was undoubtedly significant.  St. Joseph Sound also receives pollutants 
from another source: the wastewater treatment plant; receiving about 1.5 billion 
gallons of discharge annually. 

3.4.3 Infrastructure 
On the surface, a fully-developed community, without the worries of expansion or 
development, would imply an ideal situation.  However, aging infrastructure 
requires maintenance and replacement, such as corroded or leaking water lines.  
Drinking water transmission lines transport water under pressure generally lose 
between 6% and 25% of their finished water through leaks and breaks [16, 17].  
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Sewer lines suffer a similar ailment; wet weather flows leak through inflow and 
infiltration (I&I).  The City estimates that 24.5% of the wastewater flows are 
attributed to I&I.  This additional volume of water translates into added chemicals, 
energy, labor and cost that must be invested to treat the diluted wastewater and be 
in compliance with State regulations. 

3.4.4 Storm surge 
High pressure storm systems push Gulf water inland, creating storm surge, which 
brings saltwater into coastal communities.  Flooding is worsened through the 
stormwater conveyance systems because they back up with both rainwater and 
saltwater.  Also, a phenomenon known as stormwater backflow can occur through 
the conveyance system, where storm surge causes saltwater to travel backwards 
through the outfall pipes, inadvertently introducing saltwater to inland areas.  This 
increases the potential for impacting groundwater quality, allowing saltwater to 
infiltrate vertically through the soil. 

3.4.5 Future effects of climate change 
The City’s challenges for the future are even greater.  According to the United 
States Global Change Research Program, water scarcity, SLR and severe weather 
events are anticipated for the Southeastern United States and coastal areas due to 
changing climate [18]. Long periods of drought can affect recharge of the aquifer 
and cause a cascading effect of low groundwater levels, land subsidence and SWI.  
SLR can also have a detrimental effect on Dunedin.  Even a seemingly minimal 
rises in sea level can cause permanent contamination of their only drinking water 
source through SWI.  SLR can also reduce the effectiveness of stormwater 
systems.  Some areas of Florida, such as Miami-Dade and Broward Counties are 
already seeing higher levels of coastal waters [19]. 

4 Responses 

4.1.1 Protect: prevent impairment 
Protection of the drinking water source is of primary importance.  A two-step 
strategy has been implemented to carefully manage the urban wellfield which 
allows the City to rely exclusively on its own water source.  Step one is to increase 
the number of wells although there is no anticipated significant population growth.  
This strategy allows for better distribution of well locations more evenly 
throughout the area while extracting water at a lower rate (restricting withdrawals). 
The second step involves reducing the depth of the wells. A significant 
improvement in water quality has been detected in extracting water from shallower 
wells, at a 200 foot depth (61 m), than from deeper wells. A program for 
backfilling the deeper wells is currently underway.  This two-step approach, 
carefully crafted to sustainably maintain their water supply, has been 
affectionately dubbed by its water managers as the Sippy Straw Approach.  A sippy 
cup is an infant’s drinking cup, specifically designed to restrict flow through the 
built-in straw and to prevent spilling if the cup is tipped because of its tightly 
sealed lid.  Similarly, the Sippy Straw Approach mimics these two qualities, with 
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the ultimate goal of judiciously restricting withdrawals and preventing waste.  This 
approach also minimizes drawdown, making groundwater supply more resilient 
against SWI.  A secondary benefit is that the number of sinkhole formations has 
been significantly reduced, from thirty to just over ten in one year.  

4.1.2 Reduce (conserve) 
Water use reduction through conservation helps communities make the best use of 
existing water supplies and reduce pressures on the environment.  Dunedin has 
implemented both traditional and innovative conservation methods in order to 
minimize wasteful practices and achieve maximum efficiency.  An obvious 
indicator is the declining per capita use in spite of population increases.  When the 
national average for per capita water use was at 183 gallons per day (gpd) 
(693 L/day), Dunedin’s average in 2010 was 82 gallons per capita-day (gpcd) 
(310 L/inhabitant/day); considerably less than other Florida cities. 
     Figure 2 shows potable and reclaimed demand since 1990.  Potable water 
consumption dropped from 131 gpcd (496 L/inhabitant/day) to its current rate of 
62 gpcd (235 L/inhabitant/day, which does not include fire use or flushing); a 
reduction of approximately 50% since 1993.  Reclaimed water consumption also 
dropped considerably.  In 1997, only one thousand or so reclaimed water 
customers were receiving reclaimed water service.  As the planned phases of the 
system were installed, the customer base grew.  Service was provided to many 
residential communities as well as high volume users, such as golf courses.  
     Various approaches to help improve conservation were taken.  For instance, in 
1993, Dunedin worked together with the South West Water Management District 
to distribute indoor water reducing fixtures; the overall average water savings for 
the residential customers was 15.6%.  An inverted rate structure was also 
implemented and has proven effective in the conservation of potable water.  To 
reduce water consumption used towards irrigation, a landscape ordinance was 
adopted and low volume irrigation systems are mandatory in new developments.  
Finally, watering restrictions have been implemented to allow for residents to 
water their gardens and landscapes only one predetermined day per week, which 
is actively enforced.  Reclaimed water conservation measures were also successful 
shown by the steadily decreasing gpd/customer trend and a 64% reduction 
(Figure 2).  Scheduled watering days allow reclaimed water customers to watering 
their lawns and gardens to a three day per week allowance during predetermined 
times of the day.  

4.1.3 Reuse 
Opportunities for reuse increase through integrated urban water management.  The 
waste streams from the RO water production process totals approximately 
1.0 MGD (3,785 m3/day). Instead of discharging this waste to the nearby urban 
waters, it is reused to augmenting the volume of reclaimed water.  In doing so, it 
closes the loop by minimizing the amount of point source discharges into coastal 
recreational waters, reuses water close to its point of origin (within the City limits), 
and closely matches the quality of water required for irrigation (its intended use) 
[20].  Another example of reuse is what occurs at the development at Honeymoon 
Island.  This barrier island was slated for high density development.  The water 
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infrastructure was designed and in place prior to the completion of the final phase 
which never came to fruition.  As a result, utility managers were faced with the 
issue of an oversized water main without the designed demands and a lift station 
with a fraction of the designed flows.  Utility managers realized that the excess 
potable water could augment the much needed flow at the nearby lift station.  A 
valve and discharge pipe were piped directly into the lift station, synergistically 
solving both issues and closing the loop on water loss.  
 

 

Figure 2: Historical potable and reclaimed water demand. 

4.1.4 Recycle 
Wastewater is consistently available in the urban setting.  It can be recycled and is 
a drought-proof alternative water source that can be used for non-potable 
applications in an urban setting [21]. Yet, in 2008, only 2.5% of the treated 
wastewater from an estimated 21,594 publicly owned wastewater treatment 
facilities in the US was being recycled [22]. In Dunedin, wastewater flows quite 
consistently at an average 4.6 MGD (17,413 m3/day).  Since approximately 50% 
of residential water use is non-potable in nature, reclaimed water is ideal as potable 
water offset.  
     Extensive recycling of wastewater into reclaimed water for irrigation 
significantly reduces nitrogen loading to St. Joseph Sound. It is part of Pinellas 
County’s Aquatic Preserve and is the main area of recreational waters.  During the 
dry season when irrigation demand is high, 100% of the wastewater is recycled 
and used as reclaimed water, resulting in zero discharge at the WWTP; an amazing 
feat.  Because the demand for reclaimed water can sometimes exceed the available 
supply, the City has implemented an irrigation schedule that takes reclaimed water 
availability offline for one day during the week (Wednesdays) to allow time to 
replenish supplies in the water storage tanks.  If necessary, raw groundwater is 
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blended with reclaimed water to meet peak demand.  This allows for an expanded 
reclaimed water customer base and achieves an overall net decrease in 
groundwater withdrawal.  

4.1.5 Infrastructure investment 
With less than ideal groundwater quality, Dunedin researched appropriate 
treatment methods that would provide superior finished water quality.  The 
treatment process begins with a pretreatment step using greensand filtration.  This 
application uses potassium permanganate to oxidize the iron in the water.  The 
iron is filtered and cleaned in the backwash cycle.  As an added bonus, greensand 
also is effective in treating low levels of hydrogen sulfide, also found in the local 
groundwater [23]. The reverse osmosis membranes then remove remaining salts, 
bacteria, viruses and other compounds present in groundwater.  This combined 
treatment method provides high quality water for its residents.  Dunedin’s coastal 
location makes it susceptible to changes in water quality due to SWI.  Even in the 
case that brackish water were to partially offset groundwater withdrawals, the 
water treatment facility can treat water up to 2,000 mg/L of total dissolved solids 
[24]. 
     Investing in smart grid technology for both potable and reclaimed water 
customers has contributed to Dunedin’s success in water conservation.  AMR 
(Automated Meter Reading) technology does more than save money by 
eliminating the labor required to read meters manually.  Since AMR tracks water 
usage in real time, it can help pinpoint elusive water leaks in a relatively short 
timeframe, serve as a deterrent to those violating watering restrictions and helps 
water managers anticipate water demands tied to seasonal trends, to name a few.   

5 Discussion and conclusion 

The Dunedin case study shows how water can successfully be managed as a single 
resource under the IUWM paradigm, even with the limitations of traditional 
infrastructure.  IUWM principles encourage sustainable extraction and use of 
water through the entire water cycle.  It also provides multiple opportunities to 
synergistically address contemporary and future issues, such as that of changing 
water quality (i.e. increased salinity).  However, though possessing the ideal water 
treatment method for groundwater that is viable in anticipation of uncertain and 
alternative climate futures, it does present unique challenges.  For instance, the 
interconnection between the WTP and the WWTP limits the City’s ability to 
produce water; the waste stream from the RO process must be properly diluted.  
Otherwise, the high level of dissolved solids in these waste streams can negatively 
affect the survival of the microorganisms in the activated sludge used at the 
WWTP.   
     The DPSIR analysis of the impacts resulting from the effects from climate and 
urbanization was useful in identifying policy and management of water in this 
coastal city, especially when considering the impacts of water demand on the 
environment and preventing the impairment of natural resources.  The luxury of 
responding to an impact to the wellfield/aquifer, for instance, cannot be afforded; 
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the City’s drinking water source could be irreparably damaged.  This exercise also 
served to highlight that some impacts, regardless of which driver/pressure it was 
(i.e. drought or high demands), led to similar responses (conservation, 
preservation, etc.), all of which served to preserve natural resources.   
     However, there are challenges within the City that DPSIR does not capture.  
For instance, DPSIR does not pinpoint operational thresholds, such as increased 
salinity, within (a) the entire system or (b) between subsystems.  Critical 
thresholds are thresholds that, if crossed, can have sudden and significant impacts 
[25–27]. Impacts from slow moving climate threats may not immediately manifest 
themselves in water operations until the utility is compromised.  Water systems 
can continue to operate and achieve production and performance targets although 
system indicators fluctuate within a desirable regime.  However, if these exceed 
system (or subsystem) thresholds, the entire system could fail within what seems 
a small margin [28]. Future research can involve providing a closer look at impacts 
and responses within water infrastructure systems and subsystems instead of only 
using human needs and the environment as endpoints.  It is important to consider 
causal loops in a more dynamic setting and the interrelationships between 
subsystems and components in water systems. 

Acknowledgements  

The authors would like to acknowledge Paul Stanek and the City of Dunedin for 
their kind contribution in sharing their time, knowledge and experience.  This work 
was supported by the University of South Florida’s Signature Research Doctoral 
Fellowship and the Alfred P. Sloan Foundation Graduate Scholarship. 

References 

[1] R. D. Klein, “Urbanization and Stream Quality Impairment,” Journal of the 
American Water Resources Association, pp. 948-963, 1979.  

[2] M. Muller, “Adapting to climate change: water management for urban 
resilience,” Environment and urbanization, pp. 99-113, 2007.  

[3] B. Jimenez-Cisneros, “Review of Needs to Better Manage Urban Water,” 
in On the Water Front, Stockholm, 2011.  

[4] US EPA, “National Coastal Condition Report IV,” US EPA, 2012. 
[5] L. Creel, “Ripple Effects: Population and Coastal Regions,” September 

2003. [Online]. Available: http://www.prb.org/pdf/RippleEffects_Eng.pdf. 
[Accessed 3 1 2012]. 

[6] J. Tibbetts, “Coastal Cities: Living on the Edge,” Environmental Health 
Perspectives, pp. A674-A681, 2002.  

[7] American Society of Civil Engineers, “2013 Report Card for America's 
Infrastructure,” 2013. [Online]. Available: http://www.infrastructurereport 
card.org/a/browser-options/downloads/2013-Report-Card.pdf. [Accessed 9 
12 2013]. 

 
 www.witpress.com, ISSN 1743-3541 (on-line) 
WIT Transactions on Ecology and The Environment, Vol 200, © 2015 WIT Press

Water and Society III  25



[8] P. Diaz and D. H. Yeh, “Adaptation to Climate Change for Water Utilities,” 
in Water Reclamation and Sustainability, San Diego, Elsevier, 2014, pp. 19-
56. 

[9] T. Fletcher, A. Deletic and C. Maksimovic, Data Requirements for 
Integrated Urban Water Management, Hoboken: Taylor & Francis, 2007.  

[10] R. Veldkamp, T. Hermann, V. Colandini, L. Terwel and G. D. Geldof, “A 
decision network for urban water management,” Water Science & 
Technology, pp. 111-115, 1997.  

[11] J. Heaney, L. Wright and D. Sample, “Chapter 3: Sustainable urban water 
management,” in Innovative wet-weather flow collection/control/treatment 
systems for newly urbanizing areas in the 21st Century, Lancaster, 
Technomics, 1999, pp. 75-117. 

[12] A. Borja, I. Galparsoro, O. Solaun, I. Muxika, E. M. Tello, A. Uriarte and 
V. Valencia, “The European Water Framework Directive and the DPSIR, a 
methodological approach to assess the risk of failing to achieve good 
ecological status,” Estuarine Coastal and Shelf Science, pp. 84-96, 2006.  

[13] NOAA, “Population Trends Along the Coastal United States,” 2004. 
[Online]. Available: http://oceanservice.noaa.gov/programs/mb/pdfs/ 
coastal_pop_trends_complete.pdf. [Accessed 4 11 2011]. 

[14] Florida Climate Center, Florida State University, “Climate of Florida,” 
2010. [Online]. Available: http://coaps.fsu.edu/climate_center/specials/ 
climateofflorida.pdf. [Accessed 12 7 2011]. 

[15] A. Goonetilleke, E. Thomas, S. Ginn and D. Gilbert, “Understanding the 
role of land use in urban stormwater quality management,” Journal of 
Environmental Management, pp. 31-42, 2005.  

[16] R. B. Levin, P. R. Epstein, T. E. Ford, W. Harrington, E. Olson and E. G. 
Reichard, “U.S. Drinking Water Challenges in the Twenty-First Century,” 
Environmental Health Perspectives, pp. 43-52, 2002.  

[17] Council of New Jersey Grantmakers, “Facing Our Future: Infrastructure 
Investments Necessary for Economic Success,” April 2013. [Online]. 
Available: http://www.cnjg.org/resources/2013-facing-our-future-report-
and-documents. [Accessed 5 2 2015]. 

[18] U.S. Global Change Research Program, “Global Climate Change Impacts 
in the United States,” 2014. [Online]. Available: 
http://nca2014.globalchange.gov/report/regions/coasts. 

[19] K. Shugar and J. Obeysekera, “Update on Climate Change and Water 
Management in South Florida,” 9 11 2010. [Online]. Available: 
http://my.sfwmd.gov/paa_dad/docs/F651517067/Item%2012_Climate%20
Change%20-%20Obey%20and%20K%20Shugar.pdf. [Accessed 28 6 
2011]. 

[20] IPENz Engineers New Zealand, “Sustainability and Engineering in New 
Zealand: Practical Guidelines for Engineers,” 2003. [Online]. Available: 
http://www.ipenz.org.nz/IPENZ/forms/pdfs/Sustainability&engineeringN
Z.pdf. [Accessed 20 11 2011]. 

[21] J. I. Uitto and A. K. Biswas, Water for Urban Areas, Shibuya-ku, Tokyo, 
Japan: United Nations University Press, 2000.  

 
 www.witpress.com, ISSN 1743-3541 (on-line) 
WIT Transactions on Ecology and The Environment, Vol 200, © 2015 WIT Press

26  Water and Society III



[22] Center for Sustainable Systems, University of Michigan, “U.S. Wastewater 
Treatment Factsheet, Pub No. CSS04-1,” September 2010. [Online]. 
Available: http://css.snre.umich.edu/css_doc/CSS04-14.pdf. [Accessed 28 
6 2011]. 

[23] S. Harmon, “Iron Removal: A World Without Rules,” Water Technology, 
April 2003.  

[24] City of Dunedin, “City of Dunedin - Reverse Osmosis Water Treatment 
Facility,” City of Dunedin, Dunedin, FL, 1992. 

[25] Stockholm Resilience Center, “What is resilience?,” 18 12 2007. [Online]. 
Available: http://www.stockholmresilience.org/21/research/what-is-
resilience.html. [Accessed 2 3 2014]. 

[26] J. Rockstrom, W. Steffen, K. Noone, A. Persson, F. S. Chapin, E. F. Lambin, 
T. M. Lenton, M. Scheffer, C. Folke, H. J. Schellnhuber, B. Nykvist, C. A. 
de Wit, T. Hughes, S. van der Leeuw, H. Rodhe, S. Sorlin, P. K. Snyder, R. 
Costanza, U. Svedin, M. Falkenmark, L. Karlberg, R. W. Corell, V. J. 
Fabry, J. Hansen, B. Walker, D. Liverman, K. Richardson, P. Crutzen and 
J. A. Foley, “A safe operating space for humanity,” Nature, pp. 472-475, 
2009.  

[27] W. Steffen, J. Rockstrom and R. Costanza, “How Defining Planetary 
Boundaries Can Transform Our Approach to Growth,” Solutions, 2011.  

[28] K.-H. Liao, “A Theory on Urban Resilience to Floods – A Basis for 
Alternative Planning Practices,” Ecology and Society, p. 47, 2012.  

 

 
 www.witpress.com, ISSN 1743-3541 (on-line) 
WIT Transactions on Ecology and The Environment, Vol 200, © 2015 WIT Press

Water and Society III  27




