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HYDROLOGIC AND ECONOMIC IMPACTS OF ALTERNATIVE RESIDENTIAL 
LAND DEVELOPMENT METHODS 

By 

Evan Shane Williams 

December 2003 

Chair:  William R. Wise 
Major Department:  Environmental Engineering Sciences 

This research analyzed the hydrologic and economic impacts of four alternative site 

planning and storm-water management designs in a hypothetical residential development 

in the Gainesville, Florida area.  

The four development options analyzed were as follows: 

• Traditional development with full-size lots and conventional storm-water 
management. 

• Cluster development with reduced lots for upland preservation and conventional 
storm-water management 

• “Partial” Low Impact Development (LID) that implemented the LID storm-water 
management system on the full-size lot plan 

• “Full” LID that implemented the LID storm-water management system on the 
cluster development plan. 

LID is an emerging method of site planning and storm-water management that has 

been presented by Prince Georges County, Maryland. This approach to land development 

combines a distributed, infiltration-based storm-water management system and reduced 



xiii 

area of disturbance. Limits on disturbance were implemented through the use of the 

cluster development site plan. 

A hydrologic analysis was conducted. The 2- and 25-year regulatory design storms 

and a continuous simulation were modeled. The results were compared to the existing 

conditions and each other. The results showed that the distributed, infiltration-based 

storm-water management system provided a watershed response closer to the natural, 

existing response, particularly if combined with a site plan that limited disturbance. 

The economic effects of the four alternatives were analyzed by estimating selected 

construction costs and the impact of lot size, open space proximity and type on the sale 

price of vacant lots. The hedonic price technique was used to analyze the impact on sale 

price. The economic analysis showed that reducing lot size would adversely impact the 

profit from development. This impact could be mitigated somewhat by maximizing open 

space frontage. Construction costs for the LID designs were lower than the designs using 

conventional storm-water management. The combined effect of construction cost savings 

and sales receipts indicated that the ratio of profit to cost was highest for the LID storm-

water management system combined with limiting disturbance. 
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CHAPTER 1 
OVERVIEW OF RESEARCH 

Purpose of Research 

This research evaluated the effects of alternative methods of land development and 

storm-water management on the hydrologic response of a first order stream and 

associated wetlands. In addition to hydrology, economic concerns for the developer and 

potential investors are also explored. 

The goal of this dissertation was to gain insight into the applicability of alternative 

land development practices in Florida and the United States in general.  The specific 

questions considered were whether alternative land development and storm-water 

management improve the hydrologic response of a developed site and what economic 

impact, positive or negative, results from implementation alternative practices. 

Improvement in the hydrologic response was defined as a response that is closer to the 

natural response of the system than resulted from conventional storm-water management 

practices. 

Relevance of Work 

The obvious question in regards to this dissertation is: why should alternative land 

development and storm-water management practices be considered? An excellent answer 

is provided by Prince Georges County, Maryland. The Department of Environmental 

Resources of this County is responsible for the development of one of the alternative 

practices, Low Impact Development (LID), discussed later in this dissertation. The work 

done by this County was based on the conclusion that current, generally accepted, storm-
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water management practices do not adequately protect water resources (Prince Georges 

County, Ch.1, p. 5, 1999). 

The hydrologic effects of watershed development on water resources are well 

known. Peterson (1999), in a discussion on watershed restoration, points out that all 

landforms in a watershed have hydrologic function and that degradation or alteration 

impairs natural watershed function.  Leopold (1968) described four effects of 

development:  

• Water quality and amenity value may change.   

• Changes in peak flow usually appear as increased flow rate and occurrence at an 
earlier time.   

• Total runoff changes due to increases in runoff volume from loss of infiltration 
capacity and natural storage (i.e., depression areas) for both for individual storms 
and in the long-term record (increase in runoff frequency). 

• At the same time as runoff volume is increasing, baseflow volume may also 
decrease due to infiltration capacity losses. 

A similar discussion of effects is also presented in Urban Runoff Quality 

Management (Water Environment Federation [WEF] and American Society of Civil 

Engineers [ASCE], pp. 24-25, 1998) and includes all aquatic ecosystems (wetlands, 

lakes, estuaries, etc.). It is notable that this book adds changes on stream morphology as 

an impact of urbanization. Somewhat less publicized but also of concern are increases in 

stream temperature (Schueler, pp. 26-27, 1995) and losses of habitat and biodiversity as 

examples of stream degradation caused by urbanization (Schueler, pp. 28-31, 1995; WEF 

and ASCE, p. 26, 1998). Schuler relates all of these impacts to the degree of 

imperviousness of the watershed. 
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Morphology 

A relatively low degree of watershed imperviousness, as low as 10%, can result in 

stream channel instability (Schueler, pp. 23-24, 1995; WEF and ASCE, p. 25, 1998). 

Schueler (p. 24, 1995) states that habitat degradation due to structural change is a primary 

effect of stream morphological changes and cites studies showing that habitat degradation 

begins to at about 10% imperviousness. 

Peak Flow Characteristics and Volume 

Changes in peak flow and discharge volume are perhaps the best-known hydrologic 

impacts of urbanization. The influence of impervious cover on peak flow is quite well 

known. Changes in the peak flow characteristics generally manifest themselves as 

increases in peak flow, corresponding to a higher flow stage. Increases in volume are 

caused by impervious cover but also by soil compaction in pervious areas that are altered 

or graded during construction, thus reducing infiltration potential (Schueler, 2000). 

 In addition to increased peak flow from increased volume, peak flow is also altered 

from changes in watershed timing effects (time of concentration). Peak discharge from a 

developed watershed may be earlier than from the same watershed in its natural condition 

(Viessman and Lewis, p. 349, 1996) 

Groundwater 

Groundwater may also be adversely impacted by urbanization. The general theory 

is that impervious cover prevents infiltration of rainfall. This lost infiltration is not 

replaced by conventional storm-water management system. This leads to reductions in 

base flow. The impact of development on groundwater, more properly base flow to the 

stream, appears to be an area of variable impact. Several studies have shown 

contradictory impacts of urbanization on base flow (WEF and ASCE, p. 11, 1998). 
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Water Quality 

Recently, water quality impacts of storm water runoff have received much 

attention; most often focused on pollutants, typically non point-source, such as total 

suspended solids (TSS), total nitrogen (TN), total phosphorus (TP), nitrates and heavy 

metals. One important study characterizing pollutants in runoff was the National Urban 

Runoff Program Survey (NURPS) study done by the United States Environmental 

Protection Agency. This study was released in 1983 and is summarized in Design and 

Construction of Urban Stormwater Management Systems (Urban Water Resources 

Research Council [UWRRC], p. 101, 1992).  Recently, Smulen et al. (1999) “updated” 

the initial NURPS estimates for various pollutants. 

The specific concern for developing areas is that pollutants originating from 

developed areas and transported by runoff will be harmful to the receiving water.  

Schueler (pp. 24-26, 1995) explains that impervious surfaces in urban development are a 

key part of the water quality problem.  These surfaces act as collection areas for 

pollutants. These pollutants are susceptible to easy wash-off during rain events. Marsalek 

et al. (1999) concluded that runoff from urban land use showed at least potential toxicity 

40% of the time.  In addition, the U.S. Environmental Protection Agency (USEPA, 1996) 

has explained the impacts of various pollutants. The EPA has indicated that urban runoff 

is a source of degradation for streams, lakes, estuaries and wetlands in the U.S. with 

impacts to estuaries and wetlands particularly troublesome, number 2 and 3 impacts, 

respectively (USEPA, 1996). 

Stream Warming and Biodiversity 

Site Planning for Urban Stream Protection (Schueler, pp. 28-31, 1995) provides a 

discussion and summary of key findings from 17 studies that have shown that 
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biodiversity is impacted by urbanization. Most of the cited studies deal with benthic 

communities. Schueler concludes based on the cited literature that the point where 

negative impacts on diversity of aquatic insects occur was indeterminate, but fish 

communities were affected at about the same level of imperviousness as stream 

morphology. A study is also cited that showed that stream temperature can also be 

expected to rise with the amount of impervious cover (Schueler, pp. 26-27, 1995). 

Current Storm-Water Management Practices 

In order to appreciate the relevance of the current research, the performance of 

current storm-water management practices must be briefly discussed.  The practices 

described here are mitigation methods, meaning that they seek to fix a current or future 

problem.  Typical site planning practices, with the maximum number of lots possible at 

the regulatory minimum lot area for the zoning district, do very little to prevent runoff. 

The current management approach towards runoff management is generally 

directed at removal of runoff from the developed area to the receiving water as quickly as 

possible (CH2MHill, Sec. 3, p. 4, 1998). This reflects a long-standing engineering 

attitude that water in developed areas is bad—unless it has aesthetic or recreational 

benefit.  Dion (p. 236, 1993) has an amusing quote attributed to an unnamed civil 

engineering professor who stated: 

There are three cardinal rules to remember when dealing with a construction 
project: 1. get rid of the water, RULES 2 AND 3. Get rid of the water. 

 In most cases of residential development, the site is graded for rapid drainage with 

a transport system that is usually a highly efficient storm sewer system (Coffman et al., 

1998, 2000). These provide little or no attenuation of peaks, volume reduction or 

pollutant removal.  
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Local regulations, however, generally do require mitigation practices to address 

some of the effects of development. Control of hydrologic effects generally focuses on 

peak flow control. For example, the St Johns River Water Management District 

(SJRWMD, Sec. 9, pp. 8-9, 2001) requires control of peak flows for the 2 and 25-year, 

24-hour storm events. Further regulations, such as volume control, are enforced only for 

special regulation areas. Alachua County has the same peak flow requirement but does 

not specify storm duration for the storm event (Alachua County Board of County 

Commissioners [ACBCC], 2002). 

 In Alachua County and the SJRWMD (these agencies hold concurrent jurisdiction 

on storm-water management), water quality must also be addressed (ACBCC, 2002; 

SJRWMD, Sec. 8, p. 2, 2001). The intent is to catch the volume of runoff associated with 

the “first flush” of pollutants often observed in runoff.  These regulations, while not 

necessarily as representative of typical practice as peak flow controls, do represent a 

significant concern for the effects of pollutants in runoff.  In most cases, only one 

management practice is required—that is, a single end-of-pipe practice per sub-basin.  

The following sections discuss some common practices used today.  There are two 

focuses: water quantity (volume, peak flow) control and quality control.  Drawbacks and 

benefits in each area are discussed. 

Detention Ponds 

Control of runoff in residential projects is frequently accomplished through some 

form of detention pond system—one of the oldest storm-water management practices.  

These ponds are designed to store runoff temporarily and release it at a rate not exceeding 

the pre-development peak flow for a given storm.  Sloat and Hwang (1989) showed in a 

study on performance of detention basins that such basins only control peak flows at their 
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outlet and that downstream areas still suffered increased peak flows.  The cause of this 

under-performance is from the lack of volume control provided by detention systems. 

Instead of a near instantaneous peak flow, the increased volume results in a peak 

(although no higher than pre-development conditions) that is extended over a longer time, 

thus causing increased erosion. This may allow for the flow peak to intersect with other 

peaks from tributary streams. Additionally, the timing of the peak flow can be delayed 

from its natural time, which also may allow it to coincide with the peak of the flood wave 

from upstream areas (Sloat and Hwang, 1989).  Roesner et al. (2001) also acknowledge 

concern for drawn out periods of high flows and add that the design storms typically 

required frequently do not control peak flows from events with shorter return intervals. 

Roesner et al. (2001) conclude that design requirements are at fault for poor hydrologic 

performance of detention practices rather than the concept of detention storage itself. 

Although they acknowledge this view is not shared by other authors. 

Certain detention pond designs, particularly dry ponds that do not provide 

“extended” detention, have a poor record for removing pollutants. If the dry pond 

provides “extended” detention, the performance is somewhat better due to sedimentation 

and can be quite high, but only for particulate pollutants (Field et al., p. 192, 1993; 

Schueler et al., pp. 7-13, 1992).  The SJRWMD (Sec.10, p.1, 2001) does not recommend 

dry detention pond systems, unless no other option is feasible.  

Wet Ponds 

Wet ponds are sometimes referred to as retention systems (Dunn et al., 1995; WEF 

and ASCE, p. 220, 1998), but designs in Florida perform as detention systems with a 

permanent pool for water quality. Retention systems in Florida, as the name implies, are 

designed to prevent all or a certain volume of runoff from being released into the 
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receiving water, instead allowing for infiltration into the soil or evaporation loss.  If the 

wet pond is designed as a detention system, flood control and water quality volumes are 

temporarily stored above the invert of the outlet structure (SJRWMD, Sec. 14, pp. 1-11, 

2001). In a detention configuration, the effect on volume and peak flow is essentially the 

same as a dry pond (unless, of course, the permanent pool needs to be recharged, in 

which case the pond functions in a retention role).  

Removal of pollutants is much better than dry detention ponds. Schueler et al. 

(1992) report sediment removal rates from 50-90% and phosphorous and soluble 

nutrients from 30-90% and 40-80%, respectively. Other sources agree with this positive 

assessment of wet ponds (Field et al., p. 192, 1993; WEF and ASCE, p. 220, 1998; 

SJRWMD, Sec. 14, p. 1, 2001). Borden et al. (1998) concluded that pond efficiency was 

seasonally variable, and noted that the main removal process appeared not to be 

sedimentation, since most pollutants did not appear associated with total suspended 

solids, and that biological processes accounted for most of the nutrient removal.   

The permanent pool depth is limited in Florida to prevent thermal stratification, 

which is assumed to decrease pollutant removal, specifically the release of nutrients 

under anaerobic conditions (SJRWMD, Sec. 14, p. 8, 2001). Borden et al. (1998), 

however, observed that two ponds in North Carolina with average depths less than 2.5 m 

(8.2 ft), an average depth consistent with the SJRWMD guidelines, still stratified. 

Furthermore, the study concluded that this stratification might actually enhance pollutant 

removal in certain situations. 

Retention Designs 

 Retention, or infiltration, systems are designed not to maintain a permanent pool of 

water, but to infiltrate all or a portion of runoff.  These systems are the only systems that 
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the St Johns River Water Management District calls “retention.”  The SJRWMD 

considers a variety of systems as retention including large, flat-bottomed basins, shallow 

landscaped areas, pervious pavements and swales with some form of inlet block  

(SJRWMD, Sec. 11, pp. 1-5, 2001). These management practices provide quality control 

and peak flow abatement through volume reduction determined by water quality 

requirements and detention storage beyond the water quality volume. That fact that these 

systems provide volume reduction suggests that they would be an improvement, 

hydrologically, over detention systems.  However, some retention designs suffer some 

serious drawbacks. 

Infiltration basins are not universally recommended since they can fail rapidly, and 

generally cannot be restored through regular maintenance. However, this may have been 

directed to the Mid-Atlantic region (Schueler et al., pp. 49-50, 1992). If the basin should 

fail, runoff quantity and quality control aspects will, at best, be similar to a pond system. 

As was previously stated, these basins are permitted in Alachua County as long as certain 

steps are taken to reduce the possibility of failure (SJRWMD, Sec. 11, pp. 4-5, 2001).  

Off-line systems that allow flows to by-pass when the retention basin is full (volume is 

designed to capture the “first-flush”) have had greater success in Florida (UWRRC, p. 

499, 1992). 

Assuming that the infiltration basin functions as intended, Schueler et al. (pp. 47-

53, 1992) suggests that pollution removal should be high for particulates and moderate to 

low for soluble pollutants depending on soil characteristics.  There is a slight risk of 

groundwater contamination. If the pond should fail, water quality treatment may still be 

provided, and the basin may be retrofitted to a wet pond. 
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Other infiltration practices include the infiltration trench and sand filter. These are 

not common in residential projects in Florida. In fact, the “exfiltration trench” design 

guidelines provided by the SJRWMD notes that these are typically built in downtown 

areas where space is limited (SJRWMD, Sec.13, pp. 1-6, 2001). Schueler et al. (p. 49, 

1992) suggested that infiltration trench performance, at least in the water quality sense, 

should be similar to infiltration basins. They can serve areas of 2 to 4 ha (5 to 10 Ac) 

(UWRRC, p. 501, 1992).  

Sand filters differ from infiltration trenches in that the filter medium is sand, and 

some designs do not allow filtered runoff to be infiltrated (Claytor and Schueler, Ch. 1, 

pp. 4-6, 1996; CH2MHill, Sec. 8, 1998). In terms of pollutant removal, Claytor and 

Schueler (Ch. 4, p. 33, 1996), provides information for various types of sand filters 

showing high removals for particulate matter, moderate levels for total phosphorus and 

nitrogen but poor removal for nitrate/nitrites.  

Experience with infiltration trenches has shown that while sometimes having good 

pollutant removal capability, they require frequent maintenance, which is usually not 

done (Schueler et al., p 44, 1992; UWRRC, p. 501, 1992). A variety of designs exist 

(Claytor and Schueler, Ch. 1, pp. 4-6, 1996), with surface types accompanied by grass 

filter strips being the most typical if used in residential areas (UWRRC, p. 501, 1992). 

Summary  

The conclusion that can be drawn from the discussion above is that typical storm-

water management using conventional end-of-pipe, single practice systems does not 

always provide the level of protection of water resources that is desirable—although 

some practices are better than others. Particular designs may provide adequate controls in 

certain areas of runoff management but not in others. For example, wet ponds provide 
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good pollutant control but flow control suffers the same drawbacks as dry detention 

systems.  There is a growing realization that changes are needed in storm-water 

management practices. A variety of interesting approaches are available in literature and 

are discussed in the next chapter. 

General Discussion of Project 

The 246.29 ha (608.66 ac) hypothetical property under development was located in 

the Camp Blanding Wildlife Management Area that is part of the Camp Blanding Florida 

National Guard Training Center.  The site is located outside of Alachua County (about 35 

miles Northeast of Gainesville) because of the desire to locate a site that was relatively 

undisturbed and not in private ownership. Stream stage data were collected on the 

upstream side of a culvert crossing an unimproved road. Rainfall data were also collected 

with a recording gage located on the site.  These data were used to calibrate an existing 

conditions hydrologic model that was used to evaluate impacts of development. 

The area surrounding the stream was considered a property undergoing residential 

development. The hypothetical property was “developed” with a scenario based on 

allowable density of housing units.  The scenario chosen allowed for minimum 1,857.88 

m2 (20,000 SF) lots, the R1-aa zoning classification of the Alachua County, Florida, 

Ordinance (ACBCC, 2002).  The hypothetical property was then “developed” for design 

options: 

• Traditional development (full-size lots, pipe/pond storm-water management) 
• Cluster development (half-size lots, pipe/pond storm-water management) 
• “Partial” Low Impact development (LID storm-water system, full-size lots) 
• “Full” Low Impact Development (LID storm-water management, half-size lots) 
 

Low Impact Development (LID) is a design strategy developed by Prince Georges 

County, Maryland, which emphasizes protection of vital hydrologic features and replaces 
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typical storm-sewer system with a distributed, infiltration-based system. The cluster 

development option, focused on land preservation only. Each of these alternatives was 

analyzed for compliance with hydrologic criteria.  The basic criteria for hydrologic 

evaluation are discussed in detail in Chapter 2, but generally follow a typical storm-water 

management study (i.e., meeting regulatory concerns). In addition, each alternative was 

evaluated for how closely it maintained the natural hydrologic response. Each alternative 

is compared against the existing conditions of the site. The hydrologic analysis is 

discussed in Chapter 4. 

Those who are familiar with the economics of land development will note that the 

alternatives that reduce lot size will have an economic impact to the developer. Thus, a 

second set of analyses was required that dealt specifically with the economics. A market 

study was done to measure the impact of reduced lot size and the effect of open space 

preservation. In addition, measurement of selected capital improvements was done for 

each alternative. The criterion for economic evaluation was that the alternative designs 

should have little adverse impact to the developer or potential investors. The methods of 

evaluating impact were a comparison of dollar receipts (sales receipts minus construction 

costs) and the ratio of receipts to construction costs. Alternatives 2, 3 and 4 are compared 

against alternative 1, which represents traditional development. Economics are discussed 

in Chapter 5. 

Naturally, there was no guarantee that any of these solutions would meet the 

economic criterion. The alternatives that were tested essentially represent the corners of a 

solution field.  Figure 1-1 illustrates this concept.  The storm-water management axis 

represents the degree that the system tends toward a particular approach, relative to 
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increasing lot size. This is “measured” by the degree that traditional features of storm-

water management, such as detention ponds or storm inlets, are present. It was expected 

that a portion of this solution set would be eliminated by the hydrologic analysis.  In 

order to determine the optimal solution economically and in terms of storm-water 

management system, a decision support system (DSS) was constructed, and is discussed 

in Chapter 6. 

 
 
Figure 1-1. Conceptual diagram of solution field. 

The plans that were developed for this research can be best described as “sketch 

plans” that meet land development guidelines (setbacks, lot dimensions, etc.) but are 

missing some level of detail that would make them complete.  The most visible example 

of this is grading.  The lots and streets are not graded in detail.  They are “rough” graded 

to provide runoff flow direction (i.e., to a detention basin) only.   

Commercial and industrial development is not addressed in this research.  In some 

respects, with residential projects, it is easier to conduct an analysis such as this since 
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development often occurs over a larger site while commercial areas are generally small 

parcels.   

Structure of This Dissertation 

This chapter contains introductory information. The chapters that follow discuss 

each of the three components of the project starting with hydrology, followed by 

economics and finishing with the decision support system example. There is a certain 

degree of overlap among chapters, and certain site design decisions, discussed in chapter 

3, were made were based on a principles, for example the economic influence of open 

space, that are explained in later chapters, such as Chapter 5 on economics. 
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CHAPTER 2 
DEVELOPMENT ALTERNATIVES 

Introduction 

This chapter reviews the literature on the four design alternatives that were 

introduced in the previous chapter. Land development and storm-water management are 

regulated activities. Thus, it is necessary to review the governing regulations. The 

applicable design guidelines in the Alachua County Code of Ordinances and SJRWMD 

Applicant’s Handbook: Regulation of Stormwater Management Systems are reviewed in 

this chapter. 

Literature on the Development and Storm-Water Management Alternatives  

Alternative methods of storm-water management have been proposed to alleviate 

the burden placed on water resources by development activities. Proposed alternatives are 

not limited to engineered storm-water systems, but also include changes in the way sites 

are designed and developed. This section reviews the literature on each of the design 

alternatives and presents the rationale for inclusion in this research. 

Traditional Development 

The traditional development option reflects the minimum standards required by 

local ordinance. Local government entities with the power to review and approve new 

development require minimum standards of design for both the site plan and storm-water 

management system. In the case of site design and storm-water infrastructure, these are 

usually physically based standards, such as lot size, lot dimensions, storm sewer pipe 

material and allowable lot density. The runoff control portions of the ordinance are 
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performance based. Typically, these require that a certain discharge may not be exceeded 

for one or more theoretical design storm events. It is often the case in the land 

development business to design a new development to meet the minimum standards and 

nothing more. With this in mind, the rationale for including this approach to land 

development in this research is obvious. 

The applicable design guidelines for this alternative are the Alachua County Code 

of Ordinances (Alachua County Board of County Commissioners [ACBCC], 2002) and 

the St. Johns River Water Management District (SJRWMD) Applicant’s Handbook: 

Regulation of Stormwater Management Systems on the regulation of storm-water 

management systems (SJRWMD, 2001). Site design standards are set by Alachua 

County, but both entities have concurrent jurisdiction on storm-water management.  

Cluster Development 

The cluster development concept is an element of most land development 

ordinances, including Alachua County. Using the cluster development option allows the 

developer flexibility in lot size, while still guaranteeing at least the same number of lots 

as would be available if the regular zoning requirements were followed. In return, the 

developer provides “open space” (Schueler, pp. 55-56, 1994). 

In the context of this research, the cluster development option is significant because 

it may be used to lessen the impacts of development on natural hydrologic features, 

which is a relatively new application of cluster development (Schueler, p. 55, 1995). 

Thus, cluster development design becomes a means of impact minimization rather than 

the mitigation approach of traditional storm-water management. The acronym “BMP” is 

used, in this research, to refer to structural methods of runoff control. However, use of the 

cluster design option for runoff control is itself a BMP albeit a non-structural one. 
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A related concept: planned development district  

Also important to consider in this discussion is the planned unit development 

(PUD) also called the planned development district (PDD) in Alachua County (ACBCC, 

2002). The Pennsylvania best management practice (BMP) manual states that PUD can 

be used to implement the cluster design concept (CH2MHill, Sec. 3, p. 8, 1998). In 

Alachua County, these are two design options, although they are quite similar. A detailed 

discussion of the County zoning regulations follows later in this chapter; however, to 

summarize the PDD design option allows a greater degree of design flexibility in site 

planning than the cluster option and is apparently meant specifically for implementing 

creative urban planning and encouraging environmental protection (ACBCC, 2002). 

Purported benefits  

The first benefit of cluster developments identified in the literature is reduction in 

impervious area, which in turn provides a reduction in runoff and runoff-borne pollution. 

Impervious land uses are mainly dedicated to transportation (Schueler, pp. 19-20, 1995). 

With smaller, more compact lots, the size of the interior street system, in the case of 

residential projects, is lessened (CH2MHill, Sec. 3, p. 5, 1998). This is the logical 

conclusion, since the opposite, large lots increasing the amount of impervious surfaces 

for transportation, is frequently true (Schueler, p. 38, 61, 1995). Schueler (p. 61, 1995) 

cites a 1989 Maryland Office of Planning study demonstrating that cluster developments 

can reduce impervious cover by 10 to 50%, with the greatest benefit coming from 

clustering larger lot sizes (reductions in impervious cover decrease as initial lot size 

decreases). In addition, cluster developments, with their smaller overall footprint, can 

also reduce the amount of uncontrolled areas in a development by concentrating runoff to 
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one area and providing more options for BMP sites, while reducing the size of the BMPs 

(Schueler, pp. 61-66, 1995). 

The second benefit of cluster developments is preservation of open space for 

natural resource protection. In Pennsylvania, it is recommended that cluster developments 

be used to avoid impacting natural drainage features such as ephemeral swales and areas 

of high infiltration (CH2MHill, Sec. 3, pp. 4-8, 1998). Cluster developments can also be 

used to enhance or ease (because “lost” lots in the buffer area may be transferred to 

another portion of the site due to smaller lot size) the creation of buffers around water 

resources (Schueler, p. 61, 1995). Logically, these implementations of cluster 

developments would require preservation of at least some open space in its natural 

condition.  

Pollution control from cluster developments may be enhanced because there is less 

area generating pollutants. However, the actual composition of the open space is 

important. Pollutant reduction, particularly for nutrients, will be lessened if a significant 

proportion of the open space is fertilized lawns, such as ball fields or landscaped areas. 

The cluster design typically uses conventional BMPs for storm-water management. 

Available literature 

Other literature has quantified the benefits of cluster development in general or on 

issues related to the particular application of cluster developments (i.e., protecting 

hydrolgically significant areas). Zheng and Baetz (1999), in a watershed-scale analysis of 

development patterns, concluded that development patterns with smaller impacted areas 

from combining reduced lots with reduced right-of-way width and mixed dwelling types 

with open space result in lower peak flows than more traditional patterns. Zheng and 

Baetz (1999) also concluded that this benefit is most visible at the sub-watershed level. 
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Sloat and Hwang (1989), in their study of detention basin performance, concluded that 

preserving a buffer, which can be easier or less contentious through the use of cluster 

development, of natural land around a stream reduced peak flows. An application of 

some of these principles was the Rock Creek Development in Colorado, a planned 

community versus a “true” cluster development (Galuzzi and Pflaum, 1996). Here a 

deliberate effort was made to preserve and protect the natural drainage by placing open 

space and natural areas along the stream corridors. 

Potential negative factors 

Cluster-type developments have potential negative factors that can limit their use. 

Some of these factors are economic and are discussed Chapter 5. A discussion of 

drawbacks that pertain to hydrology is found in Schueler (pp. 67-69, 1995). Although 

cluster developments are often not used for water resource protection, Schueler notes that 

wording of a particular ordinance can actually decrease usefulness of cluster design. One 

concern is the local concept of development density. If the locality has no concept of 

“unbuildable” area, due to natural resources etc., impervious area within a cluster 

development may actually increase because there are more dwelling units in the cluster 

design than there would be in a full-size lot design. This can also be true if “bonus” 

provisions exist that allow for more units. Another issue that is discussed is the fact that 

local ordinances do not necessarily require that open space to be natural areas, but might 

even allow impervious recreation areas to be considered open space (Schueler, pp. 67-69, 

1995). 

Low Impact Development (LID) 

Low impact development is a site planning and design strategy that has recently 

been advanced by Prince Georges County, Maryland. It has been presented as an 
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improvement of the current practice of land development storm-water management. The 

goal of LID is a site design that replicates pre-development hydrologic function and 

response of the site (Coffman et al., 2000). These goals are accomplished through a mix 

of site planning and engineered management practices, which are called integrated 

management practices (IMPs) by LID advocates to differentiate them from more 

conventional practices (BMPs) (Coffman et al., 2000).  

The site planning concepts of LID emphasizes minimization of impacts from 

development. Literature advocating LID (Coffman et al., 1998, 2000; Prince Georges 

County, Ch. 3, pp. 2-11, 1997, Ch. 2, pp. 2-13, 1999a), recommends minimizing the area 

of development to avoid water resources and their associated buffers, and preferably also 

include areas of high infiltration potential and natural drainage pathways. Within the 

developed area, further lessening of impacts can be accomplished through “site 

fingerprinting”, which is meant to reduce disturbance and reduce and disconnect 

imperviousness on individual lots even preserving woodlands on the lots themselves. The 

LID literature cited here does not provide any specific guidance on the extent of land 

preservation. Additional site planning goals include reducing impervious area through 

alternative road layout, elimination of sidewalks/parking lanes and narrower street 

sections. Thus, consideration of the site’s hydrologic function and means of maintaining 

this function must begin early in the design process. 

In addition to site-planning aspects of LID, a fundamental change in the storm-

water management system is proposed. Instead of the conventional end-of-pipe systems, 

LID relies on distributed, source controls that are designed to maintain watershed timing 

and encourage infiltration. Perhaps the most noticeable practices are use of swales in lieu 
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of storm sewers and bioretention areas. Bioretention areas are shallow landscaped areas 

used to infiltrate runoff on each individual lot (Coffman et al., 1998, 2000; Prince 

Georges County, Ch. 3, pp. 11-15, 1997, Ch. 4, pp. 1-25, 1999a). 

Purported benefits 

The main benefits of LID, the maintenance of natural hydrologic function and 

response, have already been discussed. LID is both a prevention and an enhanced 

mitigation strategy. This is in contrast to the cluster design concept, which may provide 

prevention of some runoff and runoff-borne pollutants, but still relies on the conventional 

view of efficient storm-water removal to end-of-pipe management practices. The 

prevention aspects of LID are, in most ways, the same as cluster developments, although 

nowhere in the LID literature was cluster development explicitly mentioned as a means 

of meeting LID site planning goals. On the other hand, LID is also not presented as a 

rigid design approach and community, and even site-specific interpretations are 

encouraged (Coffman et al., 2000).  

 A brief definition of disconnection of impervious surfaces, which is not addressed 

in discussion of cluster developments, is appropriate. Disconnecting impervious surfaces 

means that instead of routing runoff directly to the storm sewer system, runoff from these 

areas flows onto pervious lawn areas to allow for infiltration.  

The LID storm-water system emphasizes source control and infiltration and even 

reuse. Ideally, this approach will replicate the natural hydrology of the site. Andoh and 

Declerck (1997) discuss a source control storm-water system that mimics nature and 

Kaiser (1997) stresses the need to restructure urban storm-water systems to behave more 

like natural systems, including providing opportunity for storm-water infiltration. In the 

United States, a similar approach to land development called Conservation Design has 
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been proposed (Horner, 2000). Heaney et al. (1998) also advocate source control of 

runoff and note that if on-site controls can store runoff, most locations could meet their 

lawn evapotranspiration (ET) requirements through reuse.  

The distributed source controls also provide the advantage that if one unit fails, the 

rest are still available, whereas in the conventional system, failure of one management 

practice usually means that controls for the entire site are seriously or totally degraded. 

Another potential benefit of LID is pollution control. Traditional development, and 

even cluster designs, place controls at the end of the storm sewer system. This approach 

places a great reliance on a small number of practices.  In contrast, LID begins treatment 

of runoff at the source and continues treatment through the swale based transport system. 

This results in a “treatment train” of management practices that provides the most 

effective means of runoff treatment and control (CH2MHill, Sec. 4, p. 2, 1998). Runoff, 

however, from the roads will only be treated in the swale system, while runoff from lawn 

areas will be treated first in bioretention units and then in the swales if the bioretention 

areas should fill. Land protection aspects also assist in pollution control for the same 

reason discussed in the cluster development section. 

Available literature 

Much like the cluster development concept, the benefits of LID implementation are 

fairly intuitive to the hydrologist. Prince Georges County, Maryland has some examples 

of LID computation in the context of a TR-55 (U.S. Department of Agriculture [USDA], 

1986) based analysis (Prince Georges County, Appx. D, 1997). Huhn and Stecker (1997) 

discussed the performance of a LID-type approach in Germany, where simulations 

showed that a majority of runoff could be infiltrated successfully. This study also 

indicated that natural soil conditions impact the effectiveness of such a system. Areas 
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with better infiltration conditions will have less of a reliance on controlled surface 

discharge. A theoretical study by Holman-Dodds et al. (2003) concluded that storm-water 

management approaches that encourage infiltration require distributed controls. The most 

effective areas for control are in upland areas that tend to have soils with better 

infiltration potential and are generally the area where construction is occurring. These 

high infiltration areas, however, are also the areas where the greatest impact of 

development will be seen. The same study noted that disconnecting impervious surfaces 

provided significant benefits over traditional development, but that these benefits 

decreased as the rainfall depth increased.  

The Jordan Cove Urban Watershed project, currently in progress in Waterford, 

Connecticut, will provide an interesting “head-to-head” comparison between traditional 

development and LID. Preliminary results are only available for the construction period, 

but favor the LID-type design for runoff quantity. The results note pollutant 

concentration increases for the LID-type design that were not apparent in the traditional 

design but were attributed to specific events (one example was unstabilized swales 

resulting in suspended solids output). Mass export of pollutants was higher for the 

traditional site; which was attributed to higher runoff volume (Clausen, 2002). 

Other publications deal with individual aspects of LID.  For example, Braune and 

Wood (1999) discuss a matrix developed by others in Colorado that shows disconnecting 

impervious surfaces to encourage infiltration as “highly effective”. Interestingly, this 

matrix also listed some traditional end-of-pipe practices in the same category, while other 

LID practices such as swales were somewhat less effective at mitigation.  
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Other examples in literature deal with performance of individual BMPs 

recommended for use in LID.  A study of an aquarium parking lot in Tampa, Florida 

evaluated the effectiveness of grass swales for runoff quantity and quality improvement. 

Areas with swales had less runoff than those without. Pollutant removals varied with 

pavement type. Nutrient removal was worse than sediments and metals, particularly for 

phosphorus (Rushton, 1999).  This variability in pollutant removal was also reflected in 

another summary of swale performance in Maryland, Florida and Virginia (USEPA, 

2000).  

Bioretention is another LID component that has recently been examined.  Most of 

the focus on bioretention has been on pollutant removal. Hsieh and Davis (2003) reported 

that 6 different bioretention facilities showed high removal efficiency for sediments and 

lead, variable removal of phosphorus and low removal for nitrate and ammonium. An 

EPA literature review (USEPA, 2000) discusses studies on constructed systems in the 

field and laboratory systems. All cited studies used synthetic runoff. Performance was 

generally high for metals, although one of the studies reported results that were lower for 

one of the field systems. Nutrient removal was high for some nutrients like total 

phosphorus, but quite low for nitrate. Laboratory studies showed a relationship between 

nutrient removal and depth in the bioretention soil matrix. 

Potential negative factors 

LID, like most development practices, has potential negatives. The LID approach is 

generally applicable but dependent on a number of factors (Coffman et al., 1998) 

including conflicts with local regulations, property use (land use rights) issues and 

development density allowing enough space for LID management practices. It is also 

possible that LID will not totally eliminate the need for conventional detention practices 
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(Coffman et al., 1998). LID also relies on infiltration practices. One problem with 

infiltration practices is a high failure rate for a variety of reasons including poor 

estimation of infiltration rate and soils compaction (Livingston, 2000). Thus, it would be 

wise to consider lessons of the past with regard to infiltration systems, which may not be 

reflected in local ordinances or design guidelines. Livingston (2000) discusses of several 

practices and the lessons learned. For example, swale infiltration design criteria set by the 

SJRWMD were often unattainable due to the space required for swales. The 

recommendation was to use check dams or a similar means to provide depression storage 

in the swale itself. 

 Applicable Design Standards 

It is important to introduce, briefly, some of the land development requirements 

that affect this research before the discussion of site design. The hypothetical residential 

development project assumes a property size of 246.29 ha (608.66 ac), that will undergo 

residential development. This does not include other areas of the watershed that will drain 

through the project site and are included in the hydrology model. There are two 

governing regulations: The Alachua County Code of Ordinances (ACBCC, 2002) and the 

Applicant’s Handbook: Regulation of Stormwater Management Systems from the 

SJRWMD (2001), which summarizes rules on storm-water management for the District 

and provides design guidance on management practices. 

Design standards and metric conversion 

Site design was done in metric units. However, the applicable ordinances provide 

standards in Imperial units. This required rounding (and therefore slight inaccuracy) of 

decimals when dimensions, required by ordinance, were converted.  Conversions from 

feet to meters, for linear dimensions, were computed with a conversion factor at three 
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decimal places (i.e., 3.281 feet per meter), and dimensions were rounded to the nearest 

0.1 m or, if the conversion was closer, a “common fraction” such as 0.25 or 0.33 (i.e., 50 

feet converts to 15.24 m so 15.25 was used instead of 15.2). Most errors are on the order 

of inches or fractions of inches, therefore, this error was not an issue for this research or 

even site design in general. Area dimensions are rounded to two decimal places.  

This conversion convention applies only to the actual layout of the site and is 

intended to reflect the fact that most design standards in the County Ordinance do not use 

fractions and are frequently rounded to a simple number. For example, the R1-aa zoning 

can be considered “half-acre” even though actual minimum lot areas is 20,000 SF instead 

of 21,780 SF.  

Basic Development Regulations 

The traditional development option allowed for a minimum 1,857.88 m2 (20,000 

SF) lots and a maximum of 4,046.46 m2 (1 Ac). This is the R1-aa zoning classification for 

Alachua County. Allowable density of lots is based on total property area, including 

“unbuildable” areas like wetlands, streams and their associated water buffers. The buffer 

that is required around water resources varies with the value of the particular feature but 

is a minimum of 10.67 m (35 ft). Thus, the allowable number of lots for a given zoning 

classification will always be greater than what is practical (ACBCC, 2002). 

Minimum lot dimensions appear to be designed to ensure rectangular lots (lots on 

curves and cul-de-sacs are exempt from these dimensional requirements). Building 

setback lines are also defined for each zoning classification (ACBCC, 2002). These two 

standards are important to this research because of the assumption of a single, generic 

house footprint that is constant throughout the alternatives. This essentially sets a lower 

limit on lot width beyond that required by ordinance.  
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Alachua County also requires a narrow buffer between subdivisions at the 

boundary. Single-family residential districts must have a 4.6 m (15 ft) buffer. No 

structures are permitted in the buffer area. There is no requirement that this buffer should 

be separate from a platted lot (ACBCC, 2002). Tables 2-1 and 2-2 summarize the 

relevant design standards for lots. 

Table 2-1. Summary of lot layout standards for R1-aa (ACBCC, 2002). 
 Area Width Depth Buffer 
Minimum 1,857.88 m2 33.5 m 38.1 m 4.6 m 
Maximum 4,046.46 m2 None None None 
 
Table 2-2. Yard and setback standards for R1-aa zoning (ACBCC, 2002). 
 Front Yard Rear Yard Side Yard Side on Street 
Minimum 7.6 m 9.1 m 3.8 m 7.6 m 
Maximum None None None None 
 

Design standards, listed in Table 2-3, for roads are also of interest. Road lane width 

and presence of a turning lane are determined by the level of service as computed by the 

average daily traffic (ADT). Road lane widths range from 3.1 to 3.67 m (10 to 12 ft). 

Right-of-way (ROW) width is determined by street classification (A through D, with A 

being the lowest level of service and Types C and D further divided into C-1 and C-2 

etc.). Level of service is determined by the ADT. The ROW for a street, of type B or 

greater service, with a swale in lieu of storm sewer is wider (ACBCC, 2002).  

Table 2-3. Selected road design standards for Alachua County (ACBCC, 2002). 
 Type A Street Type B Street Type C-1 Street Type C-2 Street 
ADT 0 – 125 126 – 1,200 1,201 – 3,200 3,201 – 7,000 
Lane Width 3.1 m 3.1 – 3.4 ma 3.67 m 3.67 m 
ROW Curb 15.25 m 15.25 m 18.3 mb 24.4 m 
ROW Swale 15.25 m 18.3 m 24.4 m 30.5 m 
a3.4 m lane width applies where ADT is over 400. 
bAssumes no on-street parking. 
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Requirements for the design of on-street parking lanes are also provided, however 

on-street parking is rarely seen in developments in Alachua County. Sidewalks are only 

required along streets with a high level of service or where certain community features 

are present such as schools and parks (ACBCC, 2002). 

The street drainage system may either be a closed system with storm sewer and 

curb and gutter or a swale section.  Swale design has a limiting velocity of 0.9 m/s (3 ft/s) 

for the 10-year rain event; otherwise they require a paved invert. Furthermore, swale flow 

must not encroach on the road for this design event. Swales are also prohibited where the 

groundwater table is within 0.9 m (3 ft) of the ground surface. In general, all storm sewer 

pipes must be reinforced concrete under paved roads (asphalt coated corrugated metal is 

acceptable elsewhere) and must have a minimum diameter of 38.1 cm (15 in) in a closed 

system and 45.7 cm (18 in) where pipe is used in an open swale system. Closed systems 

must be designed for the three-year, rain 10-minute event as determined from the local 

IDF curve (ACBCC, 2002). 

Both Alachua County and SJRWMD govern general storm-water management 

requirements. The regulations are, in general, similar. One difference is the required 

design storms for peak flow control. SJRWMD requires design for the mean annual (2.5-

year) and 25-year 24-hour storms (SJRWMD, Sec. 9, p. 8, 2001), while Alachua County 

states only that peak rate of discharge must not exceed existing conditions for all storms 

up to 25-year return interval (ACBCC, 2002). Alachua County does explicitly state that 

the volume of any storage system must accommodate the 25-year, 24-hour event. 

There is no storm-water quality design event specified in either ordinance. Instead, 

water quality storage requirements are defined as a depth of rainfall multiplied by the 
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contributing area or the impervious area (the depth to be multiplied over the impervious 

area is greater than the depth for the whole contributing area). For example wet ponds 

must provide water quality storage for the larger of 25.4 mm (1 in) over the entire 

contributing area or 63.5 mm (2.5 in) multiplied by the area of impervious cover.  An off-

line retention based system with either under drains or infiltration requires half the 

treatment storage of a detention system. On-line retention systems, which most end-of-

pipe basins are, require 12.7 mm (0.5 in) more storage than an off-line system over the 

entire watershed. Swale systems must infiltrate 80% of the 3-year, 1-hour event. Note 

that the swale water quality requirement is inconsistent with the requirement of a paved 

invert for velocities above 0.9 m/s (3 ft/s) (this invert requirement is not required in 

SJRWMD regulations). Treatment volumes must be recovered in 72 hours (ACBCC, 

2002).  

Cluster Development Regulations 

Development standards for a cluster development are also important for this 

research. These apply to lot layout and building setback lines. The minimum lot area for 

the zoning district may be reduced by half with dedication of open space that corresponds 

to the lot reduction (i.e., 1 m2 reduction in lot area requires 1 m2 dedication of open 

space). Natural water resources and their required buffering must be included in the open 

space, thus Alachua County indirectly requires a certain portion, depending on the 

existing conditions of the site, of the open space to be natural. Recreation areas and 

certain storm-water management areas, such as wet ponds, may also be included 

(ACBCC, 2002). 

Cluster development regulations require that the allowable density, based on 

existing zoning, shall not be increased. However, because density calculations can 
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include unbuildable areas, the actual number of lots for a cluster development may 

actually exceed that of traditional development, depending on site conditions (ACBCC, 

2002). 

Cluster development has different standards regarding lot setbacks. Setback 

distance is reduced from standards listed for full-size lots to 4.6 m (15 ft) for front and 

rear yards and 1.5 m (5 ft) for side yards, while side yards on streets require 3.1 m (10 ft). 

The exception to this rule, according to the wording of the ordinance, occurs when a lot 

with reduced area abuts another parcel (in other words, one of the lot lines is also the 

subdivision boundary). In this case, building setbacks must be the same as the standard 

for the zoning district, though it is not stated if this applies to all setbacks or just the 

particular yard that actually abuts the neighboring property. In addition, the lot must also 

have a 1.8 m (6 ft) high fence or a 3.1 m (10 ft) wide vegetated buffer with 75% opacity. 

Logically, this would replace the 4.6 m (15 ft) buffer, without screening requirements, 

which is required under standard zoning. In the previous section, it was noted that the 

standard buffer between subdivisions is not mandated as different from platted lots. The 

wording of the ordinance would seem to imply that if an off-lot buffer was provided, then 

individual lots would not abut the subdivision boundary and cluster development 

buffer/setback requirements would not be required (ACBCC, 2002).  

Cluster developments have a provision in the County Ordinance that allows for site 

density to be increased if a certain percentage of the units in the subdivision are 

“affordable” housing (ACBCC, 2002).  If this option was applied, site disturbance and 

imperviousness may increase above what would normally be the case for a traditional 
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development. Table 2-4 provides a comparison of the site design standards for standard 

R1-aa zoning and a cluster development applied to the R1-aa zoning district. 

Table 2-4. Comparison of full-size and cluster lot requirements (ACBCC, 2002). 
 Standard Cluster 
Minimum Lot Area 1,857.88 m2 928.94 m2 
Minimum Lot Width 33.5 m 16.75 m 
Minimum Lot Depth 38.1 m 19.1 m 
Front yard Setback 7.6 m 4.6 m 
Rear Yard Setback 9.1 m 4.6 m 
Side Yard Setback 3.8 m 1.5 m 
Street Side Yard Setback 7.6 m 3.1 m 
Buffer/Screening 4.6 m Buffer, no screening Speciala 

a Requirement is for screening consisting of 1.8 m high fence/wall or a 3.1 m wide buffer 
with vegetation that is 75% opaque. 
 

All storm-water management requirements for cluster developments are the same 

for standard developments. As was previously stated, certain storm-water management 

features can be counted as open space. The feature should provide some amenity or 

aesthetic value (ACBCC, 2002). 

Planned Development District (PDD) 

The PDD is intended to provide the developer a great degree of flexibility in site 

planning for use of the property but also to provide enhanced protection of natural 

resources. The developer does not have to follow the minimum design standards that 

have been previously discussed. This makes the PDD option even more flexible than the 

cluster development option. The design standards of note include avoiding development 

within natural areas to the greatest extent possible, ensuring that developed areas are 

compact and continuous and maintaining connections between natural areas to avoid 

fragmentation (ACBCC, 2002). 



32 

 

Summary 

The material presented in this chapter presents the concept of the alternative land 

development and storm-water management practices that undergo hydrologic and 

economic analysis in the following chapters. The governing regulations have also been 

presented. With this discussion complete, it is now possible to introduce the actual site 

designs in the following chapter. These designs are the “physical” manifestations of the 

concepts presented in the preceding discussion.
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CHAPTER 3 
 SITE DEVELOPMENT PLANS 

Introduction 

This chapter discusses the site design of the four alternatives and the development 

of the existing conditions model. Where possible, these alternative land development 

plans were designed within governing regulations.  However, even in real projects, there 

are cases where the design engineer may wish to deviate from the required or generally 

accepted design standards. This is usually handled by requesting a variance from the 

ordinance. This assumes that the design engineer can provide proper justification for the 

design and that public safety is not at risk. The general design discussion for each 

alternative describes the various decisions and methods, including clear deviations from 

the Alachua County ordinance, which were involved in the site design. Areas where the 

County ordinance was vague or subject to interpretation are discussed in a separate 

section for each alternative. 

Existing Conditions 

The existing conditions plan is the basis of all the other plans. Many types of 

information were required to conduct even a hypothetical development project.  A 

detailed site survey was not practical, so existing GIS data were used in lieu of those a 

Surveyor would collect.  This should not be construed as an endorsement of using GIS 

data to replace an actual site survey. The GIS data have errors associated with them and 

also may not reflect current site conditions. With the exception of topography, these data 

were obtained from the Florida Geographic Data Library (FGDL) (University of Florida 
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GeoPlan Center, 2000) and are available on CD and World Wide Web download.  The 

data included shape files for National Wetland Inventory wetlands, 100-year floodplains, 

soils and an aerial photograph to determine cover conditions.   

 Topography was developed from a digital elevation model (DEM) provided by 

Camp Blanding.  This DEM required re-sampling to a smaller grid size to ensure smooth 

contours.  The drawback to this approach was that the resulting contours are slightly 

inaccurate in areas of steep slopes where they generally underestimate the slope. This is 

because the original 30-meter grid interval had insufficient detail to reflect the rapid 

change in grade correctly. It was assumed, however, that contours resulting from the 

DEM were of sufficient accuracy for a theoretical project. 

 Another parameter that is important both for development in Florida and for 

implementation of LID is the elevation of the water table. Normally this would be 

determined through test wells. The only information available was from the Clay County 

Soil Survey (Soil Conservation Service [SCS], 1990), which was of questionable 

accuracy, and a regression equation developed by for the SJRWMD (Boniol et al., 1993), 

which requires user interpolation near surface water features. The water table elevation is 

important for two reasons. First, it determines the degree of difficulty in building in a 

certain area. While most homes in Florida do not have basements, it may still be 

necessary to provide a raised building pad to keep separation between the foundation and 

water table. On the other hand, this may be an advisable building technique regardless of 

water table depth and is discussed in the various LID manuals (Prince Georges County, 

Ch. 3, pp. 15-16, 1997; Ch. 2, pp. 16-18, 1999a). The second reason that water table 

needs to be considered is for infiltration management practices. For example, 
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recommended design parameters for a bioretention area are for a 0.6-1.2 m (2-4 ft) deep 

area of prepared soil and a minimum 0.6 m (2 ft) clearance from facility bottom to the 

water table (Prince Georges County, Ch. 4, p. 4, 1999a). This research assumed that the 

water table was not a limiting factor, although it is acknowledged that certain areas (a 

small minority of the “buildable” area) are “danger” zones where infiltration practices 

may be unfeasible or extra fill for building pads may be required.  

The hypothetical property was considered to be a collection of smaller parcels that 

would be grouped together. The total area of the property was 246.29 ha (608.66 ac), 

while the existing contributing watershed area (to the reference point located on the 

stream where it exits the property to the north-west) was 288.77 ha (713.64 ac). The 

allowable density for R1-aa zoning was 1,325 lots. The presence of wetland area, stream 

and infrastructure resulted in a density that was much lower. The existing conditions plan 

is shown in Figure 3-1 with topography, wood line, soil type, hypothetical property lines, 

watershed boundaries, hydrology and existing improvements such as roads.  

Traditional Development Plan 

Discussion of the traditional design option is divided into three parts. The general 

design discussion presents the overall development of the site, including areas where 

clear deviations from the governing regulations were made. The next section discusses 

the regulations that required interpretation because they were vague or seemed to 

contradict other regulations. 
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Figure 3-1. Existing conditions plan. 

General Design Discussion 

The traditional design alternative represents the type of development that would be 

seen if the local ordinance was the only guide used. It was assumed that the developer is 

taking advantage of two new county roads along the southern and western edges of the 

property. The developer is not responsible for construction of these roads or their swale 

drainage system except for access improvements (deceleration and acceleration lanes as 

required) and the access road running north to south for the eastern most entrance to the 

development. It was assumed that the developer had some input on the design of the 

swale system on the off-site roads, since these roads would be allowed to drain to the 

storm-water management system constructed by the developer on-site. 
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A prohibition on lots in a water resource buffer area was assumed for this design. 

Lots were prohibited in the 100-year floodplain if it was not possible to ensure that the 

building pad would be above the floodplain. It was also assumed that streets and storm-

water ponds, and their associated grading, would have minimal impact on the 100-year 

flood elevation and, therefore, were permitted in the 100-year floodplain. Lot dimensions, 

while acceptable under the local ordinance, are arbitrary.  The lot width was set at 37.2 m 

(122.1 ft) and the depth at 50.3 m (165.0 ft) for rectangular lots, resulting in lot area of 

1,871.16 m2 (20,142.96 SF). Lots on curvilinear street sections need not meet the width 

requirements, but must meet the minimum area requirement. 

The standard design does, inadvertently, provide a large area of open space.  This 

consists of the wetland area around the northern stream and a 10.67 m (35 ft) water 

resource buffer around the streams and wetlands. Other areas that were unbuildable due 

to lack of space for a lot, storm-water management, site buffer etc. were also considered 

open space.  The site design did not place any other emphasis on protecting natural 

resources above that required by ordinance.  

The road layout paid no particular attention to topography to reduce grading and 

followed a general grid pattern. The road ROW and lane widths are dependent on the 

projected average daily trips (ADT). For the most part, ROW width is 15.25 m (50 ft) and 

lane width is 3.1 or 3.4 m (10 or 11 ft). Generally a traffic study would be conducted to 

determine the ADT, but for the purposes of this study, the ADT was determined from the 

number of homes on a particular street using trip data (10 trips per home) from Site 

Planning for Urban Stream Protection (Schueler, p. 133, 1995). When traffic from two 

or more streets intersected, their ADT was combined for determination of the service 
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level of the collector street. Sidewalks are only required on roads with a C or D level of 

service. This design assumes however that sidewalks are provided on all internal roads. 

This design plan has a generic “house” footprint associated with it.  This footprint, 

which includes all impervious area including driveways, was used as a guide to lot 

dimensions.  The footprint was computed at approximately 388 m2 (4,176.8 SF). All 

homes are assumed single-story. The homes are only relevant to the hydrologic analysis. 

The economic analysis assumes the lots are sold vacant, thus removing the impact of the 

home on lot sale price. 

The conventional storm-water design option uses curb and gutter, adding 0.6 m to 

the width of the road, for collection of runoff and the storm sewer transport system.  The 

end-of-pipe management practice is a wet detention pond, a rather common practice in 

Florida. The eight ponds are situated at natural low points throughout the site and were 

designed utilizing the example procedure outlined by the SJRWMD (Ch. 29, pp. 1-6, 

2001). Pond computations are based upon the contributing area to that particular pond. It 

is clear that many of these ponds require baffles to prevent “short circuiting” of runoff 

due to the shape of the ponds and the location of discharge points from the storm sewers.  

There are several small, uncontrolled areas of the site that are developed. These 

areas are permissible provided the developer provides compensating storm-water 

treatment. It was assumed that since county roads are allowed to drain into the 

development to the wet ponds, this provided the required compensating treatment. The 

storm-water system is not designed hydraulically. The placement interval of the storm-

water inlets is arbitrary. The storm sewer pipe was assumed to be 61.0 cm (24 in) 

diameter, reinforced concrete. In reality, pipe width would vary with a 38.1 cm (15 in) 
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minimum, but this generic diameter was determined to be a reasonable average for the 

development. Overall slope of a pipe series was assumed as the elevation of the outlet 

subtracted from the elevation of the upstream inlet (minus 1.2 m or 4 ft for inlet depth). 

Florida Department of Transportation guidelines for the period of 2000-2001 required a 

minimum of 15.25 cm (6 in) of cover between the top of storm sewer and the base of the 

road. Thus, the 1.2 m depth in the upstream inlet is sufficient. 

Site grading, as was previously mentioned, was rough and for runoff flow purposes 

only. In other words, road profiles were not smoothed. However, it was assumed that the 

entire lot was cleared and graded (or compacted if no re-grading is required) from 

construction vehicle traffic. 

Interpretation Issues With The County Ordinance 

There were four areas where interpretation of the County ordinance was an issue. 

The issue of location of the required buffers at the subdivision boundary was discussed in 

the section on the County ordinance. This site design assumed buffers separate from the 

platted lots and, thus, considered open space. This approach has been used in 

subdivisions in the Gainesville area (for example, Haile Plantation). 

Another issue was required maintenance access to a storm-water pond. The final 

decision allowed for a 3.67 m (12 ft) access way outside of the platted lots and a strip 

around the basin of the same width that has a slope no greater than 8:1. The next issue of 

concern dealt with landscaping. This is more important in terms of economics than 

hydrology, but it is appropriate to identify it in this section. The landscaping ordinance 

was unclear as to whether the 10% landscaping requirement applied to individual lots. It 

was assumed that this was the case. Thus, 10% of each lot was assumed to be landscaped. 
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Swale geometry was another item where deviation from the ordinance was 

possible. The SJRWMD allows for swale side slopes to be a maximum of 3:1 with a top 

width to depth ratio at least 6:1 (SJRWMD, Ch. 15, p. 2, 2001). Alachua County states 

that swale side slopes are “typically” no greater than 4:1 on the side facing the road 

(ACBCC, 2002). In this research the SJRWMD geometry standard was applied. The 

swale design is parabolic, with a 3.67 m (12 ft) top width and depth of 60.1 cm (2 ft). The 

flow depth on which time of concentration calculations are based assumes full flow at 

50.9 cm (1.67 ft), resulting in an approximate top width of 3.1 m (10 ft). Swales on the 

off-site roads are assumed to have a conservative design requiring a concrete invert. 

Swales with this invert were considered to function the same as pipe (tributary 

impervious area is directly connected). This contradicts SJRWMD swale design 

standards. In this design, however, the swales are not used for runoff treatment or control. 

The last item of interest is the access road for the eastern most entrance to the 

development. This road is outside the watershed of interest and is only considered in 

economic calculation.   

Design Plans 

The traditional development plan is shown in Figure 3-2, and includes topographic 

features for the site including proposed, rough grading for runoff flow and storm-water 

management wet ponds. In the pond grading, a contour of a slightly different color may 

be observed. This represents the approximate elevation of the permanent pool. 
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Figure 3-2. The traditional development plan. 

The traditional development plan resulted in 719 lots, in contrast to the allowable 

density of 1,325 lots. This represents a 46% reduction and was the result of site 

infrastructure (roads, storm-water management etc.) and areas that are unbuildable, such 

as the wetland and associated buffer area. These areas are counted in the allowable 

density computation. 

Figure 3-3 shows the traditional development plan without topographic features or 

drainage basins. The lot layout is clearly visible on this plan. While this plan was deemed 

consistent with County design regulations, it was accepted that somewhere in the plan the 

County engineers might require changes.  
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Figure 3-3. The traditional development plan without topography, soils or drainage sub-

areas. 

Cluster Development Plan 

The second design alternative was cluster development. Much of the design 

discussion on the traditional development option is also applicable to the cluster design. 

For example, road lane and ROW widths were determined by the same procedure, and 

sidewalks are assumed present on all internal roads. This section focuses on differences 

between the cluster design and the traditional plan. Also, just like the discussion on the 

traditional development, the areas where interpretation of the ordinance was required are 

discussed. 
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General Design Discussion 

The most obvious difference between cluster and the traditional options were the 

lot dimensions. These were set at a width of 27.9 m (91.5 ft) and 33.5 m (109.9 ft) for 

depth. These dimensions result in a standard rectangular lot area of 934.65 m2 (10,061.47 

SF). Again, these dimensions are arbitrary but accommodate the generic house footprint. 

The footprint, however, is somewhat smaller, 367 m2 (3,950.75 SF), due to lower amount 

of pavement required for the driveway. 

The water resource buffer was also increased from its minimum size. The Alachua 

County ordinance specifies a 22.9 m (75 ft) buffer for Outstanding Florida Waters 

(ACBCC, 2002). Based on this regulation and information on forested buffers in two 

design manuals (Schueler, p. 86, 1995; CH2MHill, Sec. 8, 1998), a width of 30.5 m (100 

ft) was selected even though streams on the site are not specifically listed as Outstanding 

Florida Waters. 

One potentially important aspect of the road design was changed in the cluster 

design option. The road layout for the cluster options mostly dispensed with the grid 

layout. Instead, curvilinear loop streets were used, and cul-de-sacs are more frequent; 

especially as short branches off loop streets. 

The cluster design option also required some thought on appropriation of open 

space, which the traditional design did not. Appropriation of open space was based on 

several goals. Natural areas, including the wetland and all water buffers, were required to 

be considered open space. Beyond these areas, the goal set for this design option was to 

preserve areas of natural runoff concentration (i.e., natural swales) to the greatest extent 

possible. Generally, this was most successful in the upper areas of the watershed where, 

in some cases, virtually the entire time of concentration path was preserved.  
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The most important goal considered in open space preservation, as far as storm-

water management was concerned, was preservation of upland areas of high infiltration 

potential. These areas are roughly defined in Figure 3-4. This description was based on 

the Clay County Soil Survey (SCS, 1990) and includes only areas of NRCS type A soils.  

Because of the general nature of soil surveys, boundaries of high infiltration soils could 

not be determined with any certainty. Similarly, the GIS data that were used for site 

features also contained a certain degree of error. Naturally, this results in errors in Figure 

3-4, such as areas of high infiltration within the boundaries of the wetland area identified 

by the National Inventory of Wetlands shape file. Still, this figure was useful for planning 

purposes. The location targeted to be the center of protection is the ridge between the two 

streams. 

There are 720 platted lots in this site design. This assumes that the developer will 

not take advantage of the fact that the unbuildable areas can be considered open space, 

thus allowing an increased number of lots, albeit at reduced size. This assumption, 

although potentially positive from a hydrologic perspective, led to another potential 

problem. It is common knowledge in the land development business that area often 

represents most of the value of a lot and, thus, the sale price. Therefore, reducing lot size 

may have a negative economic impact to the developer, and the possibility of the 

developer adding more units to the development to compensate for this loss of revenue is 

cannot be ignored. On the other hand, proximity to open space may have a positive 

impact on lot value. These are discussed in the Chapter 5. For now, it is sufficient to state 

only that the cluster site layout is designed to allow for “islands” of open space between 

loop streets, thus preventing lots from abutting one another along the rear lot line. 
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Figure 3-4. Areas of high infiltration potential. 

Distance from the rear lot lines to the subdivision boundary was increased from the 

traditional design. The distance used in this option was 4.6 m plus the difference between 

lot depth from the traditional and cluster options. These two design features detracted 

somewhat from the contiguous area of open space normally resulting from a cluster 

development. Effort was made to design the site so islands of open space are as large as 

possible to avoid the fragmentation problems discussed in the literature cited on cluster 

developments.  

The storm-water management system is designed in the same fashion as the 

traditional development. Sub-areas that were totally preserved were not included in any 

pond computations. There are nine ponds in the cluster design option. Pond computations 
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for water quality assume a depth of runoff over the entire contributing area. If a portion 

of this contributing area was preserved in it’s natural state, then the pond would over-

treat runoff. 

Interpretation Issues With The County Ordinance 

Land-use buffers that must exist along subdivision boundaries have an additional 

impact on the cluster design option. If a lot of reduced size abuts a neighboring single-

family or agricultural parcel, screening and the more restrictive building setback of the 

existing zoning district must be provided. How this requirement relates to the 4.6 m (15 

ft) buffer required by the base R1-aa zoning district is unclear. Furthermore, use of the 

word “abut” seems to imply that one of the lot lines of the reduced-size lot would be 

coincident (the same) as the subdivision boundary. Therefore, it was assumed that 

because a buffer was provided outside of the platted lots, the more restrictive building 

setbacks and screening would not be required.  

Design Plans 

Figure 3-5 presents the cluster design option. Figure 3-5 includes topographic 

features for the site including proposed, rough grading for runoff flow and storm-water 

management wet ponds. In the pond, grading a contour of a slightly different color may 

be observed and represents the approximate elevation of the permanent pool. 
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Figure 3-5. The cluster development plan. 

Figure 3-6 shows the cluster development plan without topographic features or the 

drainage basins. Lot layout is clearly visible on this plan. While this plan was deemed 

consistent with County design regulations, it was accepted that somewhere in the plan the 

County engineers might require changes.  
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Figure 3-6. The cluster development plan without topography, soils or drainage sub-

areas. 

LID Developments 

The final two development design alternatives incorporate concepts of Low Impact 

Development (LID). The literature review on LID pointed out that LID seeks to replicate 

site hydrology through a two-tiered approach. There is a runoff prevention aspect that 

focuses on limiting disturbance on the site being developed, thus leaving a portion of the 

site in its natural condition. An infiltration-based, distributed storm-water management 

system is used in areas that are disturbed for development.  Combination of practices, 

such as a primarily LID system that requires one or two ponds to meet local peak flow 

regulations is possible where storm-water management requirements cannot be met by 
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the infiltration-based storm-water management system. This would particularly be true 

where the surface area of infiltration practices required is so large that it impacts the 

ability to develop the property. 

General Design Discussion 

The cluster design option is consistent with LID land preservation goals. Thus, it 

was decided to use the cluster layout for the LID design and add the infiltration-based 

storm-water management system. Examples of LID design included in the Prince 

Georges County design manuals show LID site preservation as keeping all development 

activity out of high infiltration, hydrologic group A, soils as much as possible while 

providing additional preservation on the platted lots that are on the moderate infiltration 

soils (types B and C). Development would also take place on type D soils as long as these 

are not wetland areas. In Florida, soil infiltration potential is partly determined by the 

high water table. This leads to many dual classifications. For example, soil types 19, 29 

and 42, on the Clay County Soil Survey (SCS, 1990), are Osier fine sands and are 

classified as type D or B, with the B classification applying when the soil is drained. 

Furthermore, type B and C soils are less frequent in Florida. They are mainly transitional 

areas and most upland areas are high infiltration type A soils. The latter comprise the 

majority of the buildable area on the study site. This is both positive and negative. These 

areas are ideally suited for infiltration practices but are also likely to see the greatest 

hydrologic change from development. Development in these areas cannot be avoided, but 

impact should be minimized. It was decided that on-lot preservation of land was not an 

ideal solution since there were questions as to whether these areas would truly not be 

impacted and of the ability to enforce, either by the County or the Homeowners 

Association, the necessary deed restrictions adequately. Thus the decision to forgo any 
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on-lot preservation and to use the reduced lot size of the cluster development was 

justified, even though use of cluster development is not mentioned in LID literature. 

The LID storm-water management system was also applied to the traditional 

design, although this is not “true” LID because of the lack of land preservation that is 

assumed (all lot areas are considered cleared, graded and/or compacted). Thus, this 

design is referred too as “partial” LID because only infiltration-based storm-water 

management system is present. There are no explicit requirements in any of the LID 

literature on how much of the site should be preserved.  

Since the site design for the LID options is virtually the same as the traditional and 

cluster options, much of the previous discussions remain valid, except for storm-water 

management. There are, however, some aspects of the LID designs that need to be 

discussed in addition to the design aspects previously discussed on the traditional and 

cluster designs.  

Sidewalks are generally dropped from the development. For most interior streets, 

this still remains consistent with the County codes. However, sidewalks are required to 

both sides of type C-1 Streets. Therefore, total elimination of sidewalk is not consistent 

with the County ordinance on four streets, although it affects only a small proportion of 

the total street length. A compromise was selected that eliminated sidewalks from all C-1 

streets that crossed no more than 10 lots on a side. This eliminated all sidewalks except 

on the street serving the central upland area in the “partial” LID design, where sidewalks 

and curbs were used on both sides. 

Another area where the LID designs differ from the County ordinance regards road 

right-of-way. Use of swales for drainage requires an increase in ROW. For example, a 
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road requiring 15.25 m (50 ft), which represents all but four interior streets on both the 

LID site plans, with conventional drainage would now require an 18.3 m (60 ft) ROW. 

The four streets, all entry roads, requiring 18.3 m of ROW would now have a 24.4 m (80 

ft) ROW (ACBCC, 2002). The reasons for this additional area are not stated in the 

ordinance, but some possibilities are to allow room for sidewalks, and anticipation of 

wide swales to meet infiltration requirements or safety.  

The 1997 LID design manual for Prince Georges County discusses modification of 

their rural road section for use in LID developments. Their standard interior and primary 

road have the same ROW requirement as are required in this project. Several sections are 

proposed for use in Prince Georges County. ROW widths for these proposed sections are 

16.5 m (54 ft) for most internal roads and 18.3 m (60 ft) for higher traffic roads. These 

sections use swales for drainage (Prince Georges County, App. D, pp. 15-20, 1997). The 

variable lane width allowed in Alachua County, based on level of service, allows for a 

fairly narrow road section, similar to the proposed Prince Georges County roads, and was 

not altered. The only road design issue was the setting of proposed ROW width and 

selecting a swale design. The swale cross-section section selected was the same as the 

section described for the off-site County roads (discussed in the traditional development 

section). In terms of capacity, this section is probably more than is required for most 

interior roads. There are times where flow may be transmitted under a road, and where 

this is anticipated, a 60.1 cm (24 in) diameter pipe is assumed. A pipe diameter of 45.7 

cm (18 in) is acceptable in an open drainage system, but the 60.1 cm diameter was 

selected as a conservative figure. All pipes are reinforced concrete, even under driveway 

crossings. The proposed swale section has a top width of 3.67 m (12 ft) and a design full 
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flow width of 3.1 m (10 ft). The swales on both the interior streets and the off-site roads 

were considered completely pervious (no concrete invert). However, the design still did 

not strictly follow the SJRWMD infiltration standards because check dams were modeled 

to allow for depression storage. 

With a 16.5 m (54 ft) ROW, identical to the Prince Georges County standard, the 

swale can be accommodated in the ROW of even the smallest interior street. However, it 

was decided that the ROW width for most interior streets (type A or B) should remain at 

15.25 m (50 ft). Thus, the design maximum flow depth is accommodated in the ROW, 

but an additional 60.1 cm (2 ft) of top width is provided on the lot itself. This was 

deemed acceptable since an easement might be required on the lot for public utilities. 

Type C-1 streets will have the same swale section and an 18.3 m (60 ft) ROW and are 

similar to the Prince Georges County proposed section for a higher service level LID 

street section. A level spreading area or device is intended to be present at the terminal 

point of the swales to convert runoff to overland flow. 

The final road section provides a travel lane of 3.1-3.4 m (10-11 ft) on most interior 

streets with a 1.2-1.5 m (4-5 ft) grass shoulder and 3.1 m (10 ft) of swale at a depth of 

60.1 cm (2 ft). On the few higher traffic interior roads at the entrances, the travel lane is 

3.67 m (12 ft) and the shoulder is expanded to 2.4 m (8 ft). 

Interpretations of The Ordinance 

The previous discussions on ROW and swale section are clear deviations from the 

County ordinance. The LID storm-water management system design, however, is not 

necessarily inconsistent with the storm-water management regulations that would be 

enforced on this site. On the other hand, how to apply the current standards defied clear 

interpretation. In particular, the issue is computation of water quality treatment volume, 



53 

 

which represents the minimum storage of the system and the starting point for the 

hydrologic analysis. 

LID assumes a distributed, infiltration-based storm-water management system for 

runoff quantity control and quality control. Swale design, at least in theory, in Alachua 

County requires infiltration of 80% runoff for a 3-year, 1-hour rain event per both County 

ordinance and SJRWMD guidelines. However, Livingston (2000) cited a study that 

determined that the swale design guidelines are often not attainable due to space 

concerns. In other words, a swale width is required that is so great as to preclude use. 

Thus, it was assumed that swales in this design would use some form of check dam or 

barrier to encourage ponding for infiltration. The SJRWMD, whose design guidelines 

were used for swale cross-section, states that an open conveyance system has no control 

structure before discharge to receiving waters (SJRWMD, Ch. 15, p. 1, 2001). Thus, use 

of check dams in the swales would mean that the swales are now considered another type 

of storm-water management system. They are considered a retention practice. The only 

question is whether they are on or off-line detention. They are considered on-line systems 

(SJRWMD, Ch. 11, p. 1, 2001).  These swales, while providing depression storage, were 

not considered bioretention areas. 

Bioretention areas appear to also be classified as retention practices (SJRWMD, 

Ch. 11, p. 1, 2001). Again, the question arose as to whether they were on or off-line 

treatment. Arguably a bioretention unit could be an off-line system since it is not directly 

connected to the transport network of the sub-basin and generally runoff would enter as 

sheet flow, although SJRWMD may consider them on-line systems.  
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The storm-water management system for the LID design options was considered a 

mix of on-line and off-line retention practices. No clear standard exists for computing 

treatment volume for this type of system. Instead of collecting runoff from an entire sub-

area, LID collects runoff from a single lot. This leads to the question as to what is the 

appropriate area for the treatment volume calculation. Pond systems are designed to 

provide treatment for the entire contributing area, including undisturbed areas, at a single 

point. The on-lot nature of LID may make control of undisturbed, preserved areas 

impractical because of the space required for the bioretention areas. The method that was 

adopted for this research was to compute treatment volume based on the disturbed area. 

The actual volume of treatment computed assumed an off-line system and used the 12.7 

mm (0.5 in) of runoff over the treated area standard. It was expected that the actual 

storage required, due to peak flow control, would be higher, thus providing a level of 

water quality treatment exceeding the computed volume, though not necessarily in strict 

compliance with SJRWMD rules. 

Design Plans 

Figures 3-7 and Figure 3-8 show the “partial” LID, based on the 1,871.16 m2 lot, 

and the “full” LID design, based on the 934.65 m2 lot, respectively. Topography is shown 

on these plans, but any detention basins required due to the results of the hydrologic 

analysis are not shown. Also, the bioretention areas are not shown. The pipe used for 

driveway crossings are not shown, but any anticipated road crossings are.  
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Figure 3-7. “Partial” LID development plan. 
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Figure 3-8. “Full” LID development plan. 

Figures 3-9 and 3-10 show the LID development plan without topographic features 

or the drainage basins. The lot layout is clearly visible on these plans. The two LID plans 

represent a new concept in land development. As a result, it cannot be conclusively stated 

that these plans would be acceptable for approval by the County Engineer. 

Summary 

This chapter introduced the actual development plans used for this research. One 

aspect that hasn’t been discussed is whether these plans truly represent a possible site 

plan. Site layout is as much an art as a science. Therefore, it is quite reasonable to expect 

that another site planner may have a different interpretation of site plans. Each of the four 

development plans represents but one “realization” among an infinite number of 
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variations. However, they were established in a manor allowing the economic and 

hydrologic impacts to be explored in a systematic process. 

 
 
Figure 3-9. “Partial” LID development plan without topography, soils or drainage sub-

areas. 
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Figure 3-10. “Full” LID development plan without topography, soils or drainage sub-

areas.  
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CHAPTER 4 
HYDROLOGIC IMPACTS  

Introduction 

This chapter covers the hydrologic analysis for four, hypothetical, alternatives for 

residential land development and storm-water management. Details of these alternatives 

were presented in the last chapter. 

Each alternative was compared with the hydrologic response of the existing 

conditions of the watershed. Three rainfall scenarios were modeled. The first two were 

the 2 and 25-year, 24-hour hypothetical storms that are the design storm events for the 

SJRWMD. This research also modeled the proposed alternatives under continuous 

simulation based on rainfall collected on the site during the summer of 2001.  

Discussion on Modeling the Alternatives 

Hydrologic modeling for land development is governed by guidelines set forth by 

the regulating agency. Perhaps the most widely used techniques are based on the NRCS 

curve number method to determine runoff volume. Hypothetical hydrographs are 

generated through a variety of synthetic unit hydrograph methods. A common method for 

the complete modeling process is detailed in TR-55 (USDA, 1986).  

Two land development alternatives are considered: full-size lots and reduced size 

lots typical of those a cluster development. These are paired with two alternatives for 

storm-water management: conventional wet ponds and a distributed, infiltration-based 

storm-water management system proposed by Prince Georges County, Maryland, in their 

LID publications. This second type of system requires a different approach to modeling. 
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An excellent discussion of the modeling concerns for LID is contained in Wright et al. 

(2000). Two interesting points, of several, from this paper are the need for storage based 

modeling and continuous models to capture the impact on small, frequent, short duration 

storms.  

Prince Georges County has presented a NRCS curve number procedure for analysis 

of LID. A fundamental assumption of this procedure is that the time of concentration 

remains the same as existing conditions. The pre and post-development curve numbers 

are used on two sets of nomographs, one for a retention system and one for detention. 

The nomographs, which vary by storm depth, provide the required storage distributed 

across the watershed (Prince Georges County, App. C, 1999b). 

Continuous Simulation Data Collection 

The continuous simulation required actual stream flow and rainfall data. Rainfall 

data were collected in 10-minute increments from 19 June 2001 until 18 October 2001. 

This time corresponds with most of the North-Central Florida rainy season. Stream stage 

was also monitored in 10-minute increments. A pressure transducer (In-Situ 

TROLL4000) was placed immediately upstream from a large corrugated metal pipe-arch 

culvert and data were collected at 10-minute increments. This location became the 

reference point for discharges from the site. Cross sections were taken at the level 

recorder and at two places downstream of the culvert with a laser level. The stream stage 

data at the culvert was translated into stream flow data using the HY8 program. This 

program computed stream stage, upstream of a culvert, for a given flow rate. The method 

used by this program is an energy balance approach presented in Hydraulic Design of 

Highway Culverts (Federal Highway Administration [FHWA], 1985). This approach 

allowed a rating curve to be developed. Interpolation between points on this rating curve 
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resulted in flows for each stage measurement. The rating curve was developed up to a 

flow of 2.83 cms (100 cfs). No statistical operations were performed on the rainfall or 

stage data. 

The collection process for rainfall data resulted in gaps in the data due to periods 

where the gage could not be accessed (the site was located on a National Guard post). 

The stream stage data did not suffer from data gaps because of higher memory capacity 

in the gages. The continuous stream stage record indicated that no rain of consequence 

was missed when rain gage memory was full. 

Hydrologic Model 

The hydrologic model selected for this research was HEC-HMS downloaded from 

the Army Corps of Engineers (USACE) Hydrologic Engineering Center. This model 

offers the user a variety of choices for precipitation input, runoff volume computation and 

transformation. This research used the soil moisture accounting (SMA) module for runoff 

volume computation. The soil moisture accounting method is a continuous model. It can 

be run as a lumped model or as a distributed, grid-based model. In this research, the 

lumped parameter method was utilized mainly because of an error in the distributed 

model code that was not fixed until early 2003. The SMA method is well documented in 

the Technical Reference Manual for HEC-HMS (USACE, pp. 44-50, 2000) and a thesis 

on the development of the model was also available (Bennett, 1998). Additional updates 

are discussed in release notes, although documentation in these cases is often inadequate. 

The SMA approach treats the watershed as a series of vertical reservoirs, starting 

with canopy storage overflowing to depression storage, soil profile, and two groundwater 

layers. For a rain event to produce surface runoff, depression storage must be full. For 

water to enter the soil profile through infiltration, canopy storage must first be full. Thus, 
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a logical progression for generating surface runoff is followed: interception losses take 

place in the canopy, then infiltration losses and finally depression storage losses. 

Depression storage only fills when the rate of rainfall exceeds the infiltration rate. 

Similarly, surface runoff only occurs after depression storage is filled. Groundwater 

layers can be used to simulate fast interflow and slow base flow. Groundwater outflow 

volume is routed using a linear reservoir technique, while surface volume uses a unit 

hydrograph method. In this research, the first groundwater layer is used to represent 

interflow, and the second represents the base flow. The base flow portion of the model 

may represent a more regional phenomenon. Antecedent moisture conditions at the start 

of the simulation can be modeled by defining a percent of volume full (USACE, pp. 44-

50, 2000). 

The version of HEC-HMS used in this research contained an important 

modification to the SMA that was added after initial release of the program. This update 

was the ability to define a percent impervious for the sub-area. Rainfall on this designated 

percent impervious is totally converted to surface runoff. Thus, if half the sub-area is 

impervious and 25.4 mm of rain falls, 12.7 mm of surface runoff is immediately 

generated. This modeling behavior is true only for directly connected impervious 

surfaces, where the transport system does not allow for significant loss, such as concrete 

pipe. For indirectly connected impervious surfaces, such as roofs and roads draining to 

swales that allow for infiltration and depression storage loss, this method is not realistic. 

One final note on the model is important. At junction points, where stream reaches 

or sub-areas are connected, hydrographs are summed. At these points, base flow is not 

reported separately. Instead, a composite hydrograph is reported. 
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Experimental Methods 

Design alternatives were modeled under three conditions. In addition to the 

continuous simulation, which was run from 19 June until 17 October, the two design 

storms required by the SJRWMD for storm-water design were used.  

The design storms had depths of 114.3 and 203.2 mm (4.5 and 8.0 in) for the 2 and 

25-year, 24-hour, events respectively. These were determined from frequency-depth 

maps available in Urban Hydrology for Small Watersheds TR-55: 2nd Edition (USDA, 

1986). The rainfall distribution for this area of Florida is Type II. 

Most storms in the period of rainfall collection were typical convection events. 

August was a particularly dry month; however, significant rainfall did occur about mid 

month. September was an unusual month that began with a series of particularly intense 

convection events with high peak flows. At mid month, a tropical storm hit the area with 

sustained rains. The intensity from this event was rather low, but overall precipitation 

depth was high. 

Existing Conditions Calibration 

The first step in the analysis was to calibrate the model against the data collected in 

the field. Initial values for the various SMA parameters were estimated using guidelines 

provided by Bennett (1998). Even though the SMA model represents a physical process, 

the SMA parameters, such as soil storage, might not necessarily reflect actual field 

conditions. The exception to this was meteorological parameter ET, which was obtained 

from long-term National Oceanographic and Atmospheric Administration (NOAA) 

records (NOAA, p. 26, 1982). Initial stream path and watershed boundaries were 

generated in HECGeo-HMS. 
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The field data showed a hydrologic response after most thunderstorms. Initial 

calibration attempts indicated that this response could not be adequately modeled as fast 

groundwater flow (interflow). On the other hand, it was inconsistent with the character of 

the watershed to allow for surface runoff from small storms from upland areas that have 

soils with very low runoff potential. Instead, an unconventional sub-area definition was 

used. The National Inventory of Wetlands boundary on the smaller (northern tributary) 

was selected as a sub-area boundary. Another boundary, roughly following the line of 

steeper slopes, was selected on the main channel. Figure 4-1 shows these boundaries.  

 
 
Figure 4-1. Existing conditions sub-area division. 

These lowland areas were calibrated to allow for surface runoff from most storms, 

while the upland areas only produce runoff from the large, tropical event in mid 

September 2001. The additional divisions in sub-areas at mid-channel or at the upstream 

end of the channel were added to provide load points for wet pond outlets. 
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Times of concentration (Tc) were computed using the procedure and equations 

outlined in Urban Hydrology for Small Watersheds: TR-55 2nd Edition 5. This method 

was selected because it allows for division of the Tc path into separate elements for sheet 

flow, overland flow and channel flow. The stream channel used an estimated cross 

section in the Tc computations. All channel portions of the Tc are computed assuming a 

velocity at full capacity using Manning’s equation. This assumption is made because the 

flow along a particular channel is not known and, therefore, a detailed hydraulic analysis 

cannot be done. The Manning roughness coefficient that is used for the swales assumed 

that a level of vegetation was maintained to allow for the appropriate roughness. Off-site 

swales along the county roads were modeled with a value of 0.045 for the conventional 

storm-water management designs. This value reflects the presence of a concrete invert on 

a portion of the off-site swales. All swales were modeled with a value of 0.11 for the LID 

storm-water management designs. The roughness coefficient is also assumed to include 

the influence of check dams and transitions for small culverts. Roughness used for 

uncontrolled analysis, where no depression storage was present, is the same as for 

controlled analysis. Thus, the uncontrolled analysis would imply a greater level of 

vegetative resistance.  

Various synthetic unit hydrograph methods are available in HEC-HMS including 

the NRCS dimensionless, Snyder and Clark. Testing of various methods demonstrated 

that the Clark Unit Hydrograph method allowed for the best simulation of volume 

distribution under the surface runoff hydrographs observed on the site. The Clark method 

utilizes a time-area curve: a form of unit hydrograph. A generic formula for the time-area 

curve is used in HEC-HMS. The time-area curve is then routed through a linear reservoir 
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with the storage coefficient R. A linear reservoir relates storage at any time t to the 

outflow at time t multiplied by the R coefficient (Viessman and Lewis, pp. 219-221, 

1996).  

The time-area histogram is dependent on the Tc (USACE, pp. 60-63, 2000) and will 

remain the same if the Tc value is constant. The R coefficient, however, varies based on 

watershed cover and development conditions and can be expressed as a multiple of Tc 

with a range of 8-10 *Tc for forested areas in the Vancouver, Canada area (Russell et al., 

1979). A value of 8 for upland areas and 5 for lowland areas were the best fits for the 

calibration. The ET coefficient was generally held at 0.3; however, it was adjusted as 

needed to fine-tune the calibration.  

Routing along the existing stream reaches was done using the Muskingum method. 

This is a simple form of hydrologic channel routing. Input for this model is a storage time 

K and a weighting factor X. The X parameter generally averages about 0.2 and K is 

reasonably close to the travel time of the flood wave (Viessman and Lewis, pp. 235-236, 

1996). The values of X used were 0.2 except for the channel after the stream confluence 

where a value of 0.25 was used. The K values were determined during the calibration 

process. Values of 0.25 hours were determined for the main channel segments while a 

value of 0.34 was determined for the tributary segment. The routing coefficients are 

acceptable for flows within the range observed in the continuous model. Flows that 

significantly exceed these, such as the 25-year design storm, may have greater attenuation 

effects due to out of bank storage. 

Antecedent moisture condition was represented by designating a percent of storage 

full at the beginning of the simulation for the soil and groundwater portions of the SMA 
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storages. These were calibrated for the continuous model. For hypothetical design storms 

the calibrated values did not appear to reflect the assumption of “average” conditions 

accurately. This could be seen in the interflow groundwater layer where the positive 

outflow implied that a rain event response was still underway. This is not particularly 

surprising since a storm system had impacted the area before it was instrumented. The 

values used for the design storms were determined through observation of the model 

storages in late August approximately one week after the single August rain event. Input 

data points for the existing conditions model are contained in Appendix A. 

The calibrated results are shown in Figure 4-2. The volume error between the 

observed and calibrated data is 13.7 mm (0.54 in). The volume for the calibrated model is 

below the observed data. The focus of the calibration was on peak flows and volume. The 

time of peak flow tended to be earlier than was observed in the field data. This could be 

remedied by adjusting the sub-area Tc and would have required adjusting the results of 

the Tc computations. This was unacceptable since the Tc results for the predictive models 

were computed and consistency between methods was desired. 

 
 
Figure 4-2. Comparison of observed flows versus calibrated flows. 
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Design Alternative Models 

Models were constructed for each design alternative for comparison against the 

existing conditions model. Several issues that arose during the development of these 

models require discussion. Some were unique to either the conventional storm-water 

management system or the LID system, while others are universal across all four models. 

Naturally, the existing conditions SMA units form the basis of the sub-areas in the 

developed conditions. Model input parameters were altered for development, with the 

exception of the ET parameters, from the existing conditions parameters. 

Universal model assumptions 

The Clark unit hydrograph method presented difficulties with the predictive 

models. There is no easy means of determining the future storage coefficient, although it 

is clear that it will change with development. It was assumed that the future storage 

coefficient would reflect the composite nature of the watershed. A weighted average was 

used based on natural cover, which used the existing multiple (i.e., 8), and the developed 

area, which used a multiple of 1.5 from Russell et al. (1979). The composite multiple was 

then multiplied by the Tc to determine the storage coefficient. The Clark method results 

in a somewhat different situation, when modeling LID depression storage required, than 

the design procedure used in the Prince Georges County manuals. In the manuals, the 

nomographs for determining depression storage are based on the assumption that the sub-

area Tc remains the same, thus assuming, depending on the synthetic unit hydrograph 

method, that the transformation from volume to a hydrograph has no impact on the 

problem. Tc may remain the same in the Clark method, but the storage coefficient does 

not, which can result in an increase in peak flow.  
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Indirectly connected impervious surfaces also presented a significant challenge. 

HEC-HMS applies the soil moisture unit, for a particular sub-area, only to the portion of 

the sub-area that is “pervious”. Rainfall on the percent of the sub-area designated 

impervious is considered surface runoff. While this is valid for impervious areas that are 

directly connected to storm sewers that provide no loss, it is not valid for swales with 

check dams for depression storage or for roofs that drain onto lawns. The model assumes 

no vertical storage for areas under directly connected impervious area; therefore, the 

same assumption must be made for indirectly connected impervious areas. 

There were only two potential solutions to this problem. The first option was to 

reduce watershed area by the percentage of indirectly connected impervious area. Then, 

rainfall depth for each time step would be increased by the same percentage. In other 

words, the volume of rainfall was the same but was distributed over a smaller area. This 

assumed that rain hitting indirectly connected surfaces such as rooftops was instantly and 

evenly redistributed on the pervious portions of the sub-area. For example, if a sub-area 

has 10% indirectly connected impervious area, the first proposed solution involves 

distributing 110% of the rainfall over 90% of the area. 

The first solution was, however, impractical since it required a separate rain gage 

file for each sub-area. Another potential solution was to adjust the storage volumes in the 

SMA unit proportionally. For example, using the same 10% indirectly connected 

impervious area, 100% of the rainfall is distributed on 100% of the area, but with 90% of 

vertical storage in each layer of the SMA unit. In either case, the volume of storage and 

rainfall is the same. This approach was selected for this research, although there are 

drawbacks that are discussed in the limitations section. 
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The final universal modeling assumption dealt with the impact of compaction. Soil 

compaction is assumed on all cleared areas. The assumption is that these areas are 

impacted due to grading, clearing activity or both. Schueler (2000) discusses the impact 

of compaction in terms of changes in bulk density. In addition, a table is presented 

showing the relationship between soil porosity and bulk density. Changes in porosity 

imply a change in storage; therefore, this research modeled soil compaction effects by 

reducing soil profile storage. Comparing bulk density, from the Clay County Soil Survey 

(SCS, 1990), of soils on the site with reported increases in bulk density and changes in 

porosity from Schueler (2000), a percent decrease in storage of 25% was determined. 

This decrease did not apply to open space areas; thus, the actual reduction in storage is 

much less.  

An example of such storage reductions is appropriate. Consider an upland area with 

an existing soil profile depth of 25 mm and 17% indirectly connected impervious area. 

Since impervious area has no storage, all SMA unit storages are reduced by 17%. In the 

case of the soil profile in this example, the new depth would be (rounded to the nearest 

mm) 21 mm. The soil profile also must be reduced for compaction. The compaction 

reduction calculation involved only the pervious portion of the sub-area. In this case 30% 

of pervious area is cleared and graded. Therefore, 30% of the site sees an additional 25%, 

or 5mm, reduction due to soil compaction, while 70% of the site remains with 21 mm of 

storage. On a weighted basis, the final storage depth for the sub-area is 19 mm. 

Changes in infiltration/percolation rates have not been discussed. These were not 

altered for the developed scenarios. Rate reductions for infiltration were simulated 

through storage reduction for compaction. Deep percolation was not impacted. 
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Conventional storm-water management model notes 

The conventional modeling procedure required few assumptions other than the 

universal assumptions already noted. Ponds used in the traditional and cluster designs 

sometimes captured portions of two existing sub-areas with different parameters (i.e., a 

portion of a lowland sub-area and a portion of an upland sub-area). These situations had 

upland area overwhelming the lowland portion. Still, storage depths and 

infiltration/percolation rates were weighted to account for the composite nature of the 

contributing sub-area. Starting percentages of storage full, which represented antecedent 

moisture conditions, were not adjusted but used the percentage of the dominant (upland) 

existing sub-area. Swales, in the conventional designs, are assumed to have a concrete 

invert on a portion of their cross section. Such inverts are generally used to ensure 

transmission of flow. Roads draining to these swales are considered directly connected. 

The HEC-HMS pond routing techniques had two minor problems. First, no sharp-

crested weir option is available for the outlet structure. The second stage outlet would 

normally be one, or more, sharp-crested weirs. In order to accommodate this, the weir 

coefficient for the broad-crested weirs was adjusted so that the result of the broad-crested 

equation would have an effective coefficient of around 0.4, which is typical of a sharp-

crested weir. Second, the reservoir routines route groundwater through the reservoir, 

which is not typically appropriate for storm-water management systems. This was easily 

fixed by taking the output hydrograph for base flow and surface runoff from each 

contributing sub-area (to a storm-water pond), treating them as separate sources (an 

HEC-HMS feature that allows a user defined flow input), and allowing base flow to 

bypass the pond and directly discharge to the nearest load point. Outflows from pond 

outlets are assumed to translate to the nearest load point instantaneously. This is 
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reasonable assumption, although a few basins had to be located farther from a load point 

than others. Figures 4-3 and 4-4 show the sub-area divisions for the traditional and cluster 

designs. Also included are pond locations. 

 
 
Figure 4-3. Traditional design sub-areas and storm-water system. 

Complete tables of input parameters are located in Appendix A. The wet ponds are 

treated as directly connected impervious area both in terms of runoff computations and 

their impact on SMA units, but are not considered in runoff quality treatment 

computations for the pond volume design. 
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Figure 4-4. Cluster design sub-areas and storm-water management system. 

LID storm-water management model notes 

The sub-areas for the LID designs are shown in Figures 4-5 and 4-6. Here, the 

storm-water system was designed as a distributed, infiltration-based system relying on 

depression storage. Runoff is not deliberately redirected to be concentrated at a particular 

pond, thus the sub-area breakdown is much closer to the existing breakdown.  

The pond assumptions that applied to the traditional and cluster designs, also 

applied to the LID designs. These detention ponds, if required, were conceptual only (not 

shown on plans) and were added only if the distributed, infiltration-based storm-water 

system could not meet regulatory goals. Ponds were first added to those areas, such as 

Area 1, where runoff was already concentrated. If this was insufficient, ponds were then 

added to areas where runoff was not concentrated at a single point, such as Area 2 or 3. In 

this case, the pond was considered representative of a series of structures. 
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Figure 4-5. “Partial” LID design sub-areas. 

 
 
Figure 4-6. “Full” LID design sub-areas. 

Bioretention units on lots and storage from swale blocks and check dams were 

considered depression storage. Depression storage was simulated by increasing surface 

storage in the appropriate SMA unit above the 2 mm that all lawn and open space areas 
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were assumed to have naturally. Thus, depression storage is inherently assumed to be 

distributed evenly across the sub-area when, in fact, it is not necessarily. The volume of 

depression storage was first based on an interpretation of runoff quality regulations. This 

required that 12.7 mm (0.5 in) of storage be provided for the disturbed area in each sub-

area. Additional increases in depression storage were allowed for storm-water quantity 

management purposes. The physical area required for constructed depression storage 

assumed a 152.4 mm (6 in) depth in bioretention areas and swales. Table 4-1 illustrates 

the results for adjusting SMA unit depression storage for selected sub-areas in the full 

LID design. The portion of the depression storage that is provided by bioretention was 

considered uncompacted area. The impact of this assumption on soil storage is small. 

Swales, because of their presence in the ROW were considered to be compacted area. 

Table 4-1. Adjusted depression storage for selected sub-areas of the “full” LID design.  
Sub-area Depth (mm)a Volume (m3) Quality Vol. Area per lot (m2)b 

1 7.3 2341.7 1829.3 158.4 
2 10.0 4207.0 2839.8 169.4 

a Not including the naturally occurring 2 mm. 
b Area of depression storage management practices per lot based on 152.4 mm (6 in) cell 
depth. 
 

The depression storage parameter is not rounded to the nearest millimeter like the 

other SMA parameters. This is mainly for the economic analysis and will be discussed in 

the next chapter. Input data tables for the developed design models are located in 

Appendix A. 

Modeling Results 

Tables 4-2 and 4-3 present the modeling results for each design storm. These are 

also shown graphically in Figures 4-7 through 4-10 for the design storms only. 
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Table 4-2. Uncontrolled model results for hypothetical design storms. 
Alternative 2yr 24hr peak 

flow (cms) 
Date and time 25yr 24hr peak 

flow (cms) 
Date and time 

Existing 3.344 2 June 0120 9.7969 2 June 0130 
Traditional 8.577 2 June 0120 23.304 2 June 0130 

Cluster 5.611 2 June 0130 15.426 2 June 0130 
“Partial” LID 5.732 2 June 0140 16.076 2 June 0140 
“Full” LID 3.991 2 June 0140 11.046 2 June 0140 

 
Table 4-3. Controlled model results for hypothetical design storms. 

Alternative 2yr 24hr peak 
flow (cms) 

Date and time 25yr 24hr peak 
flow (cms) 

Date and time 

Existing 3.344 2 June 0120 9.7969 2 June 0130 
Traditional 2.791 2 June 0100 9.815 2 June 0310 

Cluster 2.858 2 June 0110 8.090 2 June 0340 
“Partial” LID 3.247 2 June 0130 10.633 2 June 0120 
“Full” LID 3.269 2 June 0120 9.719 2 June 0140 

 

 
 
Figure 4-7. 2-year, 24-hour controlled hydrographs. 
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Figure 4-8. 2-year, 24-hour uncontrolled hydrographs. 

 
 
Figure 4-9. 25-year, 24-hour controlled hydrographs 
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Figure 4-10. 25-year, 24-hour uncontrolled hydrographs 

Although the continuous simulation does not lend itself to graphical representation 

because of the long time period, hydrographs from these simulations are in Appendix B. 

Results of this simulation are presented in Table 4-4 for selected peak events.  

Base flow results are shown in Table 4-5 for several time periods during the 

simulation. These sample points were times where the flow was relatively steady. This 

indicated that only the second groundwater layer was contributing flow. 

Watershed Timing 

The design storm hydrologic models reveal several points of interest. The timing of 

the watershed response, due to the development itself, did not appreciably change 

regardless of whether a pipe or swale system is used. 

Preservation of entire Tc paths was quite difficult because the number of paths to 

protect increases with the number of sub-areas, which makes it virtually impossible to 

prevent development impacts on the Tc path. Preservation of the initial sheet flow 

portions of the Tc path was possible. Admittedly, many sheet flow areas began in off-site 

areas left undeveloped. 
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Table 4-4. Continuous simulation selected peak flow points and total simulation volume. 
 
Alternativea 

Peak 
(cms) 

Date 
& 

time 

Peak 
(cms)

Date 
& 

time 

Peak 
(cms)

Date 
& 

time 

Peak 
(cms) 

Date 
& 

time 

Total 
Vol. 
mmb 

 
Existing 

 
0.389 

1 July 
2210 

 
0.196

18 
July 
1940 

 
1.64 

2 
Sept. 
1920 

 
1.76 

15 
Sept. 
0940 

 
524.3

 
Traditional 

 
0.41 

1 July 
2210 

 
0.238

18 
July 
1930 

 
1.67 

2 
Sept. 
1920 

 
2.75 

15 
Sept. 
1000 

 
544.1

 
Cluster 

 
0.36 

1 July 
2210 

 
0.2 

18 
July 
2030 

 
1.67 

2 
Sept. 
1930 

 
2.54 

15 
Sept. 
1000 

 
535.5

“Partial” 
LID 

 
0.245 

1 July 
2210 

 
0.18 

18 
July 
2000 

 
1.65 

2 
Sept. 
1930 

 
2.95 

15 
Sept. 
1000 

 
520.0

 
“Full” LID 

 
0.325 

1 July 
2210 

 
0.182

18 
July 
1940 

 
1.65 

2 
Sept. 
1930 

 
2.75 

15 
Sept. 
0930 

 
520.6

aAll alternatives are controlled in this simulation. 
b Existing watershed area is 2.88773 km2 and developed watershed is 2.89255 km2. 
 
Table 4-5. Results of the continuous simulation for selected base flow points. 
Alternative Flow 

(cms) 
Date & time Flow 

(cms) 
Date & time Flow 

(cms) 
Date & time 

Existing 0.119 6 July 1200 0.115 26 Aug. 
1200 

0.113 17 Oct. 
1200 

Traditional 0.095 6 July 1200 0.094 26 Aug. 
1200 

0.089 17 Oct. 
1200 

Cluster 0.099 6 July 1200 0.097 26 Aug. 
1200 

0.093 17 Oct. 
1200 

“Partial” 
LID 

0.101 6 July 1200 0.100 26 Aug. 
1200 

0.095 17 Oct. 
1200 

“Full” LID 0.103 6 July 1200 0.101 26 Aug. 
1200 

0.097 17 Oct. 
1200 

 
The pond storm-water system had a more pronounced impact on timing than 

caused by the development itself for the 25-year storm. The peaks were significantly 

delayed, which could create unanticipated flooding problems downstream. This delay 

was not present in the LID systems. Tc times for the LID system were sometimes larger 

due to slower transport in the swales and the longer flow path. 
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Runoff Volume 

Uncontrolled runoff volume was increased in each development case, although the 

magnitude of this increase may be understated due to limitations in the model. The actual 

volume increase is always less than 25.4 mm (1 in) over existing conditions for the 

uncontrolled design storms.  

Preservation of open space had a positive benefit to storm-water management that 

could be seen in comparison of traditional and cluster design uncontrolled results. 

Preserving open space, by converting to cluster development from traditional 

development patterns, resulted in an uncontrolled volume reduction of 3.8 and 4.2 mm 

for the 2 and 25-year events respectively. If the same comparison is made between the 

“partial” and “full” LID design, the reductions are 2.3 and 3.0 mm for the 2 and 25-year 

events respectively.  

The LID designs also showed the benefit of disconnecting impervious surfaces 

from the transportation network, at least in a qualitative sense. The off-site swales 

allowed for infiltration only in the LID designs. Volume reduction was around 6.0 mm 

for a 2-year event and 7.5 mm for a 25-year event when comparing the traditional and 

“partial” LID designs. Comparing the cluster and “full” LID designs, reductions of 4.8 

and 6.2 mm were observed for the 2 and 25-year events.  

Therefore, it would be expected that converting from a traditional development, 

with full size lots and conventional storm-water management, to a “full” LID design with 

a cluster layout and disconnected impervious surfaces, would result in a volume decrease 

of 8.5 mm (0.33 in) for a 2-year rain event. The effect on the 25-year event was observed 

as 10.5 mm (0.41 in). 
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The pond storm-water management system provided little volume control, at least 

in the sense that surface outflow volume was decreased. This was expected due to the fact 

that HEC-HMS did not model infiltration or ET losses from the ponds. The increased 

volume was merely delayed in the slow release, water quality treatment storage of the 

pond. The outflow at the end of the simulation from the conventional systems used in 

both the traditional land development design and cluster development design are 

approximately 0.1 cms (3.5 cfs) greater than existing base flow for both design storms. 

The LID systems both returned to sub-surface base flows quite close to the existing 

conditions. The volume of water infiltrated by the LID system is dependent on extent of 

the area controlled. The LID storm-water management system reduced outflow volume 

over the simulation period by 10 mm (0.39 in) over uncontrolled conditions for the 

“partial” LID design and by 5 mm (0.2 in) for the “full” LID design. 

An interesting observation was made between the uncontrolled “partial” LID 

design, where the storm-water transport system was swale-based, and the uncontrolled 

cluster design. Volume distributions under the hydrographs were nearly identical. This 

indicated that the impact on the Clark storage coefficient from large lots was, possibly, 

offset by the swale-based transport, which has a longer Tc. The uncontrolled traditional 

design had a storage distribution characteristic of many developed watersheds, while the 

uncontrolled “full” LID design, combining the grass swale system with open space 

preservation, had a distribution closer to that of the existing watershed. The response 

from the controlled LID simulations was similar to the existing response. 

Peak Flows 

Both increased volume discharge and changes in volume distribution increased 

uncontrolled peak flows for all development designs. The uncontrolled peak flows for the 
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cluster and “partial” LID designs are similar because the grass swales may help offset the 

volume increase and distribution changes caused by widespread clearing and grading. As 

might be expected from the previous discussion, “full” LID results are the closest to the 

existing conditions.  

The pond system adequately controls peak flows for the 25-year event. The 2-year 

event peaks are somewhat lower than the existing 2-year peak. Runoff entering the pond 

fills the volume between the circular orifice and second stage weir. This volume is the 

water quality treatment storage. This storage volume is released slowly through the 

circular orifice to ensure acceptable treatment of runoff. The LID designs required more 

depression storage in all sub-areas than was calculated for water quality treatment. Table 

4-6 shows the final average volumes of management practices required. The depression 

storage values are a total site volume and an average per lot of the entire site. Volume and 

area of the LID management practices were varied on individual sub-areas. An exact 

breakdown on a sub-area basis is contained in Appendix A. The feasibility of 

implementing the required area of depression storage, as bioretention, is not addressed in 

this research. However, the resulting areas are similar to bioretention unit areas shown in 

examples from the Prince Georges County, Maryland design manuals. Therefore, it was 

assumed that the area requirements determined in this research are applicable. 

Table 4-6. Final volumes of management practices.                                    
Alternative Depression 

storage (m3) 
Average per lot 

(m3) 
Area per lot 

(m2) 
Total pond 

volume (m3)a 

Traditional 0 0 0 220,171 
Cluster 0 0 0 157,122 

“Partial” LID 32,059.11 44.59 292.58 29,576 
“Full” LID 17,517.82 24.33 159.65 5,497 

a Traditional and cluster designs utilize wet ponds with permanent pool while LID 
designs utilize dry detention ponds. 
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The LID designs could not meet peak flow control requirements with the final 

depression storage values. The values presented above represent the stopping point at 

which dry detention ponds were considered. These ponds are conceptual and not 

explicitly designed, although the resulting detention volume is probably quite accurate for 

the “full” LID design since it is placed in a sub-area (Area 1) where runoff would 

concentrate naturally. The “partial” LID design required ponds in Area 1, Area 6 and 

Area 2. Of these three volumes, the one in Area 2 is the most dubious since outflow from 

Area 2 is clearly not concentrated. Even with addition of three conventional detention 

ponds, the “partial” LID option could not meet peak flow controls for the 25-year design 

storm. This underscores the benefit of preserving a portion of the watershed in natural 

condition. Certainly, additional ponds or preservation of natural upland area on the lots 

would likely improve the performance of the “partial” LID design, but since the ponds 

were conceptual, it was decided to end the analysis at this point due to the fact that ponds 

were now required in sub-areas that did not have a natural flow concentration point. 

Continuous Model 

The continuous models were run with all runoff controls implemented. Peak flow 

results for the continuous models showed mixed results. Three convection-type storms 

are presented first. In these cases, pond systems tended to be very slightly over the 

existing peak, while the LID designs were very slightly (with one exception on 1 July for 

the “partial” LID design) under the existing peak, although LID performance was close to 

the peak for the largest convection event on 2 September. The LID designs were under 

the existing peak for the first two events because the depression storage controls in the 

lowland sub-areas, which are the main runoff producers for these events, reduce surface 

runoff. The fact that pond system peak flows were slightly higher than most existing 
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peaks was possibly due to increased surface runoff from development impacts in the 

lowland sub-areas and pond outflow.  

Two storm events where all designs failed to meet peak flow controls were the 

convection event on 2 September and the tropical storm on 14-15 September. Each 

design was about 1.0 cms (35.31 cfs) over existing conditions for the tropical event, but 

only slightly so for the convection storm. A sustained period of flow observed after the 

large convection on event 2 September indicated that the interflow (1st groundwater 

layer) was full. Inspection of the model results showed that just prior to the 14-15 

September event, the interflow layer had a higher percent of storage full than existing 

conditions.  The reason for this might be attributed to runoff from indirectly connected 

impervious surfaces being routed over the pervious areas resulting in higher antecedent 

moisture conditions. As would be expected, based on the previous discussion, open space 

preservation in the uplands reduces the impact. However, it is also clear that LID designs 

are less capable of dealing with this storm. 

Overall volume discharged through the simulation period increased 10-20 mm 

(0.39-0.79 in) for the pond system while the LID options were slightly lower, about 4.0 

mm, than the existing conditions. Each design alternative resulted in slightly lower flows 

at the three base flow periods observed due to a smaller area contributing groundwater 

flow (the volume of groundwater flow is routed through a linear reservoir to determine 

flow at any given point in time). Therefore, the conclusion was that any increase in total 

volume is due to increased surface runoff or interflow. The magnitude of base flow 

difference is not great; however, the cumulative impact would result in a lower base flow 

outflow volume. 
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Structural Controls 

Table 4-6 clearly shows the impact of preserving natural open space on structural 

storm-water management. The reduced lot designs all required less structural storm-water 

management. If the storm-water management system failed in the future, the impact on 

the receiving waters may be less for the reduced lot designs due to less developed area. 

Model Limitations 

This model and procedure had certain limitations.  The procedure used for 

indirectly connected impervious surfaces presents the biggest concern. The ability to 

identify a percent impervious was added after the Technical Reference Manual for HEC-

HMS was written and is not fully documented. The same option was implemented for 

other loss methods, such as the curve number method, from the first release. From this 

documentation, it was determined that this option only represents directly connected 

impervious surfaces and that the SMA unit would not apply in this portion of the 

watershed. This was confirmed by running HEC-HMS on two test sub-areas with 

identical SMA parameters and one sub-area with 10% imperviousness defined. One sub-

area (with the 10% imperviousness) is 1.0 km2 and the other is 0.9 km2. The groundwater 

time-series, soil moisture time-series and groundwater outflow volume are identical. This 

is logical since the SMA model represents vertical storage. Horizontal storage is modeled 

through the linear reservoir groundwater routing routine. Therefore, indirectly connected 

surfaces must also have zero vertical storage. The procedure used in this research to 

model indirectly connected impervious surfaces may introduce error to the computations. 

The SMA percolation equations are dependent on the ratio of storage filled in the upper 

contributing subsurface layer to the lower receiving layer. Percolation between one layer 

and the next lowest is greatest when the upper layer is full and the lower layer is empty. 
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Storages fill faster no matter which modeling “trick”, previously described, is used. 

However, simple recreation of the spreadsheet computations presented by Bennett (1998) 

for each option yielded slightly different results. A HEC-HMS test run also yielded 

slightly different results; however, the overall impact was very slight: a difference of 17 

m3 for a 12.7 mm storm on 1.0 km2 sub-area (0.9 km2 for the increased intensity sub-

area). 

Regardless of the method of modeling indirectly connected, impervious surfaces, 

another source of error will occur. The model assumes that the runoff from these surfaces 

is instantly and uniformly distributed over the rest of the sub-area. This is, of course, not 

generally the case. The degree of error that is added is not known, but is common 

throughout each design simulation. Any hydrologic model that does not explicitly have 

routines for indirectly connected impervious surfaces will present this problem.  

A similar concern exists for depression storage. Surface runoff can only occur after 

all depression storage is filled. Depression storage was assumed to be uniformly 

distributed across the sub-area, which is not true. Furthermore, runoff from road surfaces 

would not normally flow into bioretention units. Therefore, it is possible that runoff from 

the road will exceed the depression storage provided in the swales and flow to the basin 

outlet before the lawn and roof areas are contributing runoff to basin outlet. The model 

does not consider this distinction. 

Finally, there is the matter of the Clark storage coefficient. This unit hydrograph 

method is not widely used because of difficulties in determining this coefficient. The 

calibrated coefficients are fine, but the method of computing the future coefficient, by 

weighting the proportion of the sub-area in natural condition versus developed condition 
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to compute the multiplication factor used with the Tc to determine the Clark storage 

coefficient, cannot be validated. The assumption is that the greater the proportion of 

natural open space area, the closer the coefficient will be to the existing one. 

A distributed parameter model could be useful for modeling residential storm-water 

management systems. This would be particularly true for the distributed, infiltration-

based LID storm-water management system. The SMA module has a distributed 

parameter option. However, this option is based on a grid fixed to a geographic map 

projection. The grid lines can not be adjusted to coincide with lots, which would be the 

best way to model LID systems. 

Hydrologic Summary and Conclusions 

Comparison of the four design alternatives in this hydrologic study led to several 

conclusions. Application of the infiltration-based, distributed storm-water management 

system appears to result in a developed watershed response that is closest to natural 

conditions, particularly if it is accompanied by a program of land preservation around 

stream corridors and upland high infiltration areas. Land preservation also decreased 

reliance on storm-water management control practices. This, at least in a qualitative 

sense, reinforces the LID design philosophy presented by Prince Georges County, 

Maryland. Hydrologic performance could certainly be improved (and possibly eliminate 

the conceptual ponds in Sub-area 2) in the “partial” LID design if a portion of the lots 

were preserved in their natural condition. However, this approach would seem to violate 

the LID concept of minimizing development in high infiltration soils because large areas 

of uplands would still be impacted while the “full” LID impacted a smaller area. 

LID storm-water systems may perform worse than a conventional pond system 

when antecedent moisture conditions are above average. The land preservation aspect of 
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LID lessens this effect, but the “full” LID design only performed about the same as the 

traditional design for the 14-15 September event. The “full” LID design used a rather 

extreme reduction in lot size. Performance of the LID storm-water management system 

decreased for this event as lot size increased, eventually resulting in peak flows worse 

than all other designs. Again, none of the storm-water management options were 

adequate for this event. 

The economic feasibility of the design alternatives is a critical factor to consider for 

two reasons. First, there is the issue of whether construction costs associated with 

alternative storm-water management practices are competitive with those of the 

conventional system. Second, the increased open space necessarily decreases lot areas. 

Much of the value of a vacant lot is tied up in the lot area. Therefore, land preservation 

may negatively impact the receipts from lot sales. An analysis of the economics of these 

four design alternatives is discussed in the following chapter. 
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CHAPTER 5 
ECONOMIC ANALYSIS  

Introduction 

This chapter is the economic portion of a study on the implementation of 

alternative land development and storm-water management on a hypothetical residential 

development project in North-Central Florida. The previous chapter dealt with hydrologic 

aspects of the implementation of these practices.   

The effect on lot sale price is particularly important in this implementation of 

alternative practices because a cluster development concept was used in two of the 

alternatives for the site design rather than full size lots allowed by zoning. The cluster 

design represented land preservation with conventional storm-water management, and the 

“full” LID design used the same cluster site plan with a distributed, infiltration-based 

storm-water management system.  

Reductions in lot size, to preserve open space, would be expected to have a 

negative influence on the lot sale price since much of the value of the lot is in its size. A 

site design that maximizes the number of lots that have open space frontage may reduce 

the loss the developer will have due to smaller lot sizes.  

Construction costs for some of the alternative design options may be lower, 

primarily due to reduction or removal of certain capital improvements, such as curb and 

gutter and storm sewer pipe. The lower development costs would decrease the financing 

required by the developer. 
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Review of Literature 

Economic data relevant to this project can be divided into two types: general cost 

data and market dependent.  General cost data are simply the costs associated with a 

certain construction activity or material and are readily available from a variety of 

construction cost surveys, such as the annual R.S. Means (2001) publications.  Basic cost 

information on bioretention is available on the Low Impact Development Center’s web 

page (Low Impact Development Center, 2003). Sample et al. (2003) provides cost 

functions for other storm-water management practices. 

Liptan (1995) provides three examples of construction projects that did, or could 

have, saved significant amounts of money if alternative practices had been used. A 

literature search conducted by CH2MHill (Ch. 4, p. 2, 1993) cited a study showing that 

“intra-neighborhood” services, including storm sewers, are highly sensitive to net density 

and lot size. The basic conclusion was that the capital cost per dwelling unit for these 

services would decrease with increasingly compact developments with smaller lots. 

Market data reflect the “willingness to pay” of prospective homebuyers to certain 

features, such as lot size, open space, wooded lots etc.  Several studies evaluated the 

effect of open space on house sale price. Bolitzer and Netusil (2000) concluded that 

prices rose as proximity to open space rose in Portland, Oregon. Their results were not 

statistically significant at extremely close distances—possibly due to a small number of 

properties in this distance range or positive and negative influences netting out. This 

study was the basis of this portion of the research since it was directly “on point.”   

Doss and Taff (1996) studied the effect of proximity to four wetland types and 

concluded that only forested wetlands showed negative price influence.  Correll et al. 

(1978) concluded that sale price decreased with distance from greenbelts.  Do and 
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Grudnitski (1995) concluded that houses on lots abutting golf courses sell at 7.6% higher 

than those that do not. Weicher and Zerbst (1973) concluded that city parks may add 

value to nearby houses, but the positive effect is dependent on orientation of the house to 

the park (facing it or backing to it) and whether the lot actually faces open space or a 

recreation structure. Conversely, Li and Brown (1980) concluded that distance from 

conservation land was not significant, but that distance to the ocean, rivers and recreation 

areas and visual quality were significant and positive with increasing proximity or 

quality. 

Methods Of Economic Analysis 

There were two components to this research: construction costs and sale price. 

Construction cost estimation was a fairly simple procedure, while prediction of sale price 

required statistical analysis and the manipulation of GIS and sales data. 

Construction Cost Estimation 

Estimation of construction costs was based on existing cost data. The R. S. Means 

(2001) publication on site development costs was the best source of cost data. However, 

other sources of data were required for certain aspects of the research, particularly storm-

water management infrastructure excluding pipe. Sample et al. (2003) was referenced for 

swales and pond structures. Bioretention is a relatively poorly documented practice, in 

terms of costs, because it is a new practice. Cost data for bioretention were taken from the 

Low Impact Design Center (2003). 

Raw construction costs were totaled from each design plan. The traditional design 

option became the baseline for measurement. The R. S. Means publications include 

location modifiers (0.816 for Gainesville, Florida). This modifier was applied after the 

raw costs are totaled. The final result was the composite cost estimate for that particular 
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design option. Not every possible capital improvement was measured. For example, 

sanitary sewer construction was not analyzed. Table 5-1 lists the capital improvements 

included in this analysis and the source of their cost estimate. Full or altered assemblies 

(a collection of line items for a common development feature such as roads) were used 

wherever possible. If this was not possible the line item costs or a collection of line items 

and assemblies were used. Cost data were taken “as is” and not adjusted for inflation. 

Table 5-1. Capital improvements included in analysis. 
Parameter Source Notes 

Roads R.S. Means 24’ road assembly minus curbs & lines 
Curb & gutter: straight R.S. Means Steel form 24” wide 
Curb & gutter: radius R.S. Means Steel form 24” wide 
Sidewalk R.S. Means Sidewalk assembly 
Manhole/inlet R.S. Means Concrete, pre-cast 4’ deep assembly 
Storm sewer: 24” R.S. Means Class 3 RCP with 4’ deep trench assembly 
Grading R.S. Means All cleared areas except roads/sidewalks 
Pipe end section R.S. Means Quoted from private corp. 
Site clearing R.S. Means Clearing/chipping med. Trees, grubbing 
Swales Sample et al. Function coefficient: 31.15 
Landscaping R.S. Means Average of various species. 10% of lot. 
Bioretention LID Center $3.5 per square foot 
Lawn grass R.S. Means Ground cover assembly.  
Storm-water ponds Sample et al. “Retention” basin function. 
Note: Units in Imperial system for ease of reference. 
 

Four costs require further discussion. Sample et al. (2003) listed a function based 

on length of swales that has a variable coefficient. It was decided to use the mean value 

of this coefficient. The swale cost was assumed to include costs of additional components 

such as check-dams and level spreading devices to return flow from the channel to 

overland flow. 

The pond system function also presented a concern. Three pond functions are given 

in Sample et al. (2003): infiltration basin, retention basin and detention basin. In Florida, 

“retention basin” generally means “infiltration basin”. However, Dunn et al. (1995) states 
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that wet ponds are sometimes called retention ponds. Therefore, this research utilized the 

retention function for wet ponds. Dry detention ponds also utilized the same function as 

the wet ponds rather than the function for detention ponds. The same function was used 

because of the uncertainties associated with the different naming conventions of pond 

systems.  

The final two cost line items were bioretention and landscaping. The Low Impact 

Development Center (2003) reports a “rule of thumb” cost of  $32.29-$43.06 per m2 ($3-

$4 per ft2), which includes landscaping. The mean of this range was selected for this 

research. The Low Impact Development Center (2003) also suggested that landscaping 

costs for landscaping required by local ordinance be subtracted from the bioretention cost 

since this landscaping must be done anyway and bioretention areas will count towards 

landscaping. In this research, required landscaping costs for two conventional storm-

water management options, traditional and cluster design were included, but no 

landscaping cost for the LID designs were included. The required landscaping was based 

on 10% of the lot. One large and two medium trees were assumed. This assumption is 

arbitrary since the developer would be under no obligation to use trees. Trees, however, 

provide an equivalent area of landscaping. This means that one tree can be used instead 

of an area of shrubs or ground cover (ACBCC, 2002). The balance of the landscaped area 

used shrubs with an average stem density similar to that of bioretention (CH2MHill, Sec. 

8, p. 7, 1998). Costs for trees and shrubs were determined by averaging the prices of 

species that might be used in local landscaping. The prices were taken from R. S. Means 

(2001). 
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Hedonic Price Equation for Predicting Sale Price 

The technique used in this study, and the other studies referenced here, utilized a 

technique called hedonic pricing. Freeman (pp. 367-420, 1993), states that the sale price 

of a home or lot is a function of a variety of structural (i.e., square footage), 

environmental (i.e., heavy traffic) and neighborhood (i.e., location & open space) factors.  

The partial derivative of the price equation with respect to a particular parameter 

(variable) results in the impact on sale price of a marginal change in that particular 

parameter. The hedonic price technique requires certain assumptions that are discussed in 

Freeman (pp. 367-420, 1993), and include market equilibrium and the study area being 

one housing market. 

Typically, variables describing the home and property are collected along with sale 

price, and a correlation matrix is developed.  Correlation is used to determine what 

degree of variation in one variable can be attributed to linear relationship with another 

variable. Two variables with a high correlation coefficient may indicate that only one is 

needed in the price equation—for example number of bedrooms and total square footage 

may be highly correlated, thus allowing the number of bedrooms to be dropped. This 

assumes that a relationship is accepted between the variables.  

Once the variables are finalized, multiple regressions, using any one of a variety of 

functional forms, are carried out on the data.  The constants of each variable in the 

resulting equation are the dollar amount, in a linear model, associated with an increase in 

that variable. An alternative is to transform the data such as taking the natural log of both 

the dependent and independent variables. In this case, the resulting coefficient is not the 

absolute dollar impact, but the elasticity of that particular variable. Elasticity is defined as 

the responsiveness of one variable to another.  In this case the response of the dependent 
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variable to a change in one of the independent variables. An analysis of this sort is market 

specific.  Thus, the results should not be applied to another market area. 

Collection of sales data 

Sales data between November 1999 and October 2001 from the Alachua County 

Property Appraiser’s website (Alachua County, 2003) were sorted for download using a 

variety of constraints including single-family property, vacant lot, qualified sale and 

acreage (less than ~32,371 m2 or 8 Ac). Qualified sales appeared to indicate that the 

transaction was at an “arm’s length” since many unqualified sales include transactions 

valued at $100. Vacant lots were used in this analysis to remove the influence of the 

home. The home itself has little bearing on this research.  

Lot sales were downloaded to a delineated text file, and then saved through Excel 

as a database file. This file was then loaded into ArcView 3.2. Sets of parcel GIS data 

(ArcView shape files) were obtained from the Alachua County Property Appraiser. The 

sales data were joined with the parcel map. Those parcels that were not sold in the period 

of interest were identified by query and removed. New shape files were thus created that 

contained sales only.  

The sales were divided sales into two periods from November 1999 to October 

2000 (referred to as 2000 sales) and from November 2000 to October 2001 (referred to as 

2001 sales). The reasons for this division were based on collection of open space data, 

which could only be collected for a tax (calendar) year. The tax roll for a year is based on 

the condition of a parcel on 1 January of that year. Thus, sales from late 1999 through 

late 2000 should be compared against open space from the 2000 tax roll. There is 

potential for error the later the sale takes place in the year, since the actual open space 

conditions in the study area are closer to the following tax year.  
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The sales data were further limited to those sales that occurred within the city of 

Gainesville and the urban cluster identified by Alachua County. The result was 282 sales 

in 2000 and 230 sales in 2001 for a total data set of 512. One parcel was identified as a 

double entry. The final data set contained 511 sales samples. The final manipulation of 

the sales data was addition of lot area. This was accomplished through a custom script 

downloaded from the ESRI website.  

Collection of open space data 

Collection of open space data was somewhat more difficult than the collection of 

sales data. Open space parcel information could only be downloaded for a tax year. For 

example, downloading year 2000 tax data will result in a text file of parcels, as they 

existed on 1 January 2000. This led to the question of what tax year should a set of sales 

be compared against. In this research, sales were compared against the tax roll of the 

same year. This means that sales in 2000 were compared against the 2000 tax roll, which 

would represent open space parcels as of 1 January 2000. Of course, new open space 

parcels are likely to be formed throughout the year. This is most likely to occur with 

common areas within subdivisions. Any sale after 31 October of a given year was 

considered in the next year’s sales on the assumption that by November open space 

conditions are nearly the same as the next year’s tax roll. This is not an assumption that is 

free from error. Once the open space data were set for a year, a visual investigation 

around the lots sold was conducted to see if any parcels of open space were missed. 

The GIS shape file that was used in this research was dated October 2002. Thus, 

there was the possibility that open space parcels identified in 2000 and 2001 might be 

“lost” because they did not exist in the 2002 shape file. This was not considered a serious 

concern. If a parcel actually did exist, and wasn’t a typographical error, loss of this parcel 
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indicated that it wasn’t truly open space or it was later combined with another parcel. 

Open space in this research was assumed to be a permanent feature in the study area.  

Open space was classified into three categories: golf courses, common areas in 

subdivisions and forest/parks. The forest/park classification is a category that includes 

state and municipal parks, both recreation and natural preserves, along with private and 

public conservation land, but does not include land zoned for commercial forestry.  

The 26 golf course parcels presented no problems in identification. Common areas 

and forests/parks presented several problems with identification. The results of the 

property search for common areas and forest/parks, using the appropriate land use code, 

were incomplete. There were 150 parcels from the 2002 shape file identified as probably 

being common area but were classified with a generic parcel number 50000-000-000. 

These “unknown” parcels were impossible to place in a specific time period because no 

information was available from the Property Appraiser’s website. They were added to 

both the 2000 and 2001 lists of open space. 

The total number of forest/park parcels downloaded totaled 70 for each year. It was 

clear, from a visual inspection of the parcels in the study area, that a significant number 

of forest/park parcels were missed in the initial data download. These parcels being 

classified as some form of government-owned parcel caused the problem. In addition, 

parcels designated as conservation zoning or in private conservation trust were missed. 

Downloading government-owned parcels and searching the resulting text file for 

appropriate parcels identified around 200 missing forest and parkland parcels for each 

year. Parcels were identified by the owner (i.e., Florida Dept. of Natural Resources), title 

of the property (as in name of the park) or by checking the online GIS option, which 
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showed the parcel with a recent aerial photograph (this GIS data could not be 

downloaded). City parks were included only if they contained mostly vegetated areas. 

Parks that were mostly developed, such as public pools, were not included. 

Parcels zoned as conservation were also added as forest parcels. These properties 

were rather difficult to identify. This was primarily because several parcels in an area 

may be zoned conservation, but another parcel is not. In these cases, the parcel that was 

not zoned conservation was also included on the assumption that it would later be re-

zoned. Conservation parcels may be developed; however, this development is heavily 

restricted and will always result in a large amount of open space.  

Private conservation trusts represented the final component of the forest/park data 

set. These parcels represented a minority of the data set (57 total). They were identified 

by owner name (i.e., Alachua Conservation Trust). Then, the parcel’s appraisal and sales 

history was checked on the Property Appraiser’s website to determine the appropriate 

year (2000 or 2001) this parcel first existed. 

The final open space data set (combined file of each type) resulted in over 4000 

open space parcels, the overwhelming majority common areas, in the general study area 

for each year. The numbers given in this section were significantly more than the total of 

the actual downloads. The increase was due to geoprocessing operations on the shape 

files, which split any polygons that have been combined. For example, a series of 

separate polygons, but all with the same parcel number, may represent common area in a 

development. The County GIS files treat these as one polygon until a merge or trim 

operation is done. This split was considered beneficial to this research since it allowed a 

more accurate rendering of the open space area nearest to each lot sold. 
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Development of lot descriptive variables 

The hedonic price technique requires a matrix of variables be developed that 

describe each lot. There is no “correct” matrix or number of variables. The variables used 

to describe the lots were as follows: 

• Lot area 
• Distance to a reference parcel near the University of Florida Campus 
• Location on a grid based on bearing from the reference parcel 
• Proximity to open space based on five distance zones 
• Area of the nearest open space parcel 
• Type of open space 
 

Areas of all parcels were computed with a custom ArcView script downloaded 

from the ESRI website. Distance and bearing to a reference parcel was determined with a 

downloaded ArcView extension (titled Distance/Bearing: Matched Features). The 

reference parcel was located at the corner of University Avenue and 13th Street between 

the major retail areas west of the university and downtown Gainesville.  

The location of each parcel was evaluated by placing an imaginary grid through the 

reference parcel. A pair of binary variables (“dummy” variables) describes the location of 

the lot. A variable named “North” has a value of 1 if the lot is located north of the 

reference parcel and 0 if south. Similarly, the “East” variable has a value of 1 if east of 

the reference parcel and 0 if west. Thus, a parcel northwest of the reference parcel has a 0 

for the east-west and a 1 for the north-south axes. 

All open space parcels were assigned a numeric code in the ArcView database, 0 

for common areas, 1 for forest/parks and 2 for golf courses. These were used in Excel to 

assign a binary variable for each of the three type variables of open space for the 

correlation and regression analyses.  A second extension was (titled Nearest Features 

v3.6d) used to determine the distance to the three nearest open space parcels from each 
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lot in the sales data set. Checking for the three nearest parcels ensured that multiple 

parcels at the same distance (usually frontage parcels) were selected. This extension also 

recorded the open space type number and it’s area. 

These data were then transferred to an Excel spreadsheet. The sale price of the lot 

and all independent variables with actual numeric information, such as distance or area, 

were transformed by natural logarithm, resulting in a full natural logarithmic regression. 

 The spreadsheet was used to determine how many of the three nearest open space 

features to consider for distance, area and for the three type binary variables. In most 

cases, this was only one, but there were a few instances where two parcels of open space 

were equidistant from a particular lot. In these cases, the areas of all the appropriate 

parcels were aggregated. Five distance zones were considered: frontage (0 distance), zone 

1 (0.1-30.5 m), zone 2 (30.6-121.9 m), zone 3 (122.0-243.8 m) and zone 4 (243.8-365.7 

m). These zones are similar to those utilized by Bolitzer and Netusil (2000), although 

their study did not include frontage on open space as a separate zone. The distance of 

365.7 m (1,200 ft) was considered representative of how far a person is willing to walk to 

utilize an amenity. Open space beyond 365.7 m is not considered in this analysis. The 

open space proximity variables were binary with 1 indicating presence.  

Type variables were also binary. A value of 1 was assigned to the appropriate 

variable (“Common”, “Forest” or “Golf”) depending on the type of the nearest open 

space. If a lot was equidistant from two different types of open space, it received credit 

for both types.  

The fundamental assumption of this model was that the lot purchaser places all of 

his or her value on the nearest open space parcel. The only time more than one parcel was 
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considered was when two or more open space parcels were equidistant from one of the 

lots in the sales dataset. 

Results of Economic Analysis 

The results of the economic analysis are presented in three parts. The results of the 

individual analyses for open space impact and construction cost are presented separately. 

The combined impact on the developer is then discussed.  

Hedonic Price Model Results 

The set-up of the data for regression analysis was discussed in the previous section. 

The results of the price analysis are presented in four sections. First, the descriptive 

statistics for the data set are presented. Second, the purpose and results of the correlation 

analysis is discussed. Third, the actual generation of the price equation through regression 

is discussed. Finally, the impact of maximizing open space proximity is discussed. 

Descriptive statistics 

The descriptive statistics for the lot data are shown in Table 5-2. The hypothetical 

lot sizes used in this study are within the range of the lot sales data set. Therefore, the 

price model generated by this analysis should be applicable to the hypothetical lots. Table 

5-3 shows the breakdown of the first open space type and proximity to the first open 

space parcel. There were 10 lots that were equidistant to two types of open space and 

receive credit for both types. 10 parcels were located east of the reference parcel and 201 

were located north. 

Table 5-2. Descriptive statistics of lots in sales data set. 
 Area (m2) Sale Price Dist. To Ref. Parcel (m) Open Space Area (m2)

Mean 1,722.4 43,400 33,144 279,871 
Std. Dev. 2,246.2 2,2376.7 8,721 713,318 
Minimum 124.1 5,500 6,366 0 
Maximum 25,379.9 145,000 49,736 5,532,579 
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Table 5-3. Open space type and proximity breakdown. 
 Count 

Frontage 240 
Zone 1: 1 to 30.5 m 40 

Zone 2: 30.5 to 121.9 m 155 
Zone 3: 121.9 to 243.8 m 45 
Zone 4: 243.8 to 365.7 m 10 
No open space in 365.7 m 21 

Golf course 11 
Forest or parks 19 
Common area 474 

Total lots in study 511 
 
Correlation results 

The first statistical operation performed was a correlation of the independent 

variables, using Excel (data analysis correlation function). Correlation is computed as the 

covariance of two variables divided by the product of their standard deviations. The 

correlation coefficient represents the degree of linear relationship between the two 

variables.  

The purpose of the correlation, in terms of the hedonic price analysis, is to identify 

situations were two descriptive variables are describing the same feature. If this is the 

case, the presence of both variables in the regression may adversely affect the results 

since the variables in question are not independent. An example of this situation would be 

a model that includes both home area and number of bedrooms. The number of bedrooms 

in a home will increase with the home area. Thus, these two variables are both measuring 

the size of the home. In this situation, it would be advisable to remove one of the 

variables from the regression analysis. There must be a relationship between the two 

variables, however. Two variables may have a high correlation, but have no real 

relationship with each other. Table 5-4 shows the results of the correlation between the 

independent variables. 
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Table 5-4. Correlation results between independent variables. 
   Lot Area Golf East Frontage Zone 1 Zone 2 Zone 3 Zone 4 Forest North  Dist. OS Area Common
Lot Area 1.00             
Golf  -0.10 1.00            
East 0.12 -0.02 1.00           
Frontage -0.15 0.13 -0.10 1.00          
Zone 1 0.07 -0.04 -0.04 -0.27 1.00         
Zone 2 -0.11 -0.07 -0.06 -0.62 -0.19 1.00        
Zone 3 0.08 -0.05 0.01 -0.29 -0.09 -0.21 1.00       
Zone 4 0.13 -0.02 0.08 -0.13 -0.04 -0.09 -0.04 1.00      
Forest  0.08 -0.03 0.27 -0.08 -0.02 0.05 0.01 0.20 1.00     
North -0.11 0.07 0.03 -0.14 0.09 0.10 0.05 0.00 0.05 1.00    
Dist. 0.14 0.08 -0.22 0.14 -0.08 -0.14 0.07 -0.06 -0.12 -0.44 1.00   
OS Area -0.16 0.22 -0.29 0.25 0.03 0.00 0.02 0.07 0.20 0.18 -0.01 1.00  
Common -0.27 -0.06 -0.51 0.19 0.05 0.04 0.03 -0.12 -0.66 0.02 0.09 0.31 1.00 
 

There is very little correlation between these variables except in two cases. One 

case is between the proximity variables Frontage and Zone 2. This relatively high 

correlation means that if a parcel does not have frontage on open space, it more than 

likely is between 30.6-121.9 m (>100 to 400 ft) from the nearest open space parcel. The 

common area and forest/park type variables also show a high degree of correlation. This 

indicated that if a parcel does not encounter common area as the nearest open space, it is 

likely to encounter a forest or park. Elimination of either one of the zone variables would 

require the elimination of each following zone, so no proximity variables were 

eliminated. Neither the common area or forest type variables were eliminated in the first 

regression analysis. 

Regression results 

The next analysis was generation of a price equation through regression. The 

estimated lot sale price is the dependent variable, while the other parameters are a set of 

independent variables. Excel uses a linear, least-squares regression. In this analysis the 

data was transformed by taking the natural logarithm of both the independent and 
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dependent variable. Multiple regression results in an intercept and series of regression 

coefficients. Thus, the price equation can thus be represented as: 

Ln(P) = I + C1ln(x1) + C2ln(x2)….+Ciln(xi)  (Eqn. 5-1) 

Where x is an independent variable, I is the equation intercept, P is sale price in dollars 

and C is a regression coefficient. Typically, a dummy variable is represented as 1 or 0. In 

natural logarithm terms, these dummy variables are technically ~2.71 and 1, respectively 

(the natural log of these values result in 1 and 0). 

 Significance of the independent variables is measured by the t statistic. The 

desirable level of significance, for this analysis, was at the 95% level (t stat = 1.96). 

Significance at the 90% level (t stat = 1.645) was considered the minimum acceptable 

level. The Adjusted R2 value is the measure of the “goodness of fit” of the price equation. 

Higher R2 values are, of course, more desirable. 

The results of the Excel regression are shown in Table 5-5.  The variables defining 

forest/parks parcels as the nearest open space type, distance from the reference parcel and 

the lot location north of the reference parcel are significant at the 90% level. The variable 

defining common area as the nearest type and the open space area are insignificant (t stat 

less than 1.645). All other variables are significant at or above the 95% level. 

The common area variable may be insignificant because the forest/park variable 

was defining the same characteristic of the lot. Specifically, the presence of forest/park as 

the first open space encountered denoted the lack of common area. It is also possible that 

the common area variable is insignificant because it represents a baseline condition since 

most lots in the study encounter common area as the first open space parcel. Regardless, 
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the results of the regression indicate that open space type is only significant if it is a golf 

course or a forest/park. 

Table 5-5. Initial regression results. 
 Coefficients t stat 
Intercept 6.969 17.661 
Lot Area 0.502 28.109 

Golf 0.336 3.627 
East -0.971 -9.184 

Frontage 0.973 7.017 
Zone 1 0.870 6.189 
Zone 2 0.755 5.584 
Zone 3 0.594 4.268 
Zone 4 0.578 3.617 
Forest -0.228 -1.788 
North -0.051 -1.779 
Dist. -0.070 -1.751 

OS Area -0.006 -0.707 
Common -0.048 -0.413 

   
R2  0.689 

F stat.  84 
 

Table 5-6 shows the results of a regression if the insignificant open space area and 

common nearest variables are eliminated. This version of the price equation was used to 

evaluate the economics of the four design alternatives discussed in the previous chapters. 

The elimination of the two variables did not impact the overall fit of the data. Most 

variables are significant at least the 95% level. Distance from the reference parcel 

remained significant at the 90% level. 
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Table 5-6. Modified regression results. 
 Coefficients t Stat 
Intercept 6.986 17.809
Lot Area 0.500 28.589
Golf 0.326 3.827 
East -0.955 -9.266
Frontage 0.880 12.005
Zone 1 0.781 9.470 
Zone 2 0.667 8.887 
Zone 3 0.505 6.297 
Zone 4 0.487 4.412 
Forest -0.199 -2.896
North -0.056 -1.998
Dist. -0.072 -1.788
   

R2  0.682 
F stat.  100 

 
The price equation, following the format of Equation 5-1, is shown in equation 5-

2. The R2 value of 0.682 indicates that 31.8% of the variation in price is not represented 

by this equation.  

Ln(price) = [6.986 + 0.5ln(lot area) + 0.326(golf) -0.955(east) + 0.88(frontage)         
            + 0.781(Z1) + 0.667(Z2) + 0.505(Z3) + 0.487(Z4) -0.199(forest)  
             -0.056(north) -0.072ln(dist.)]                                                          (Eqn. 5-2)  
 
Lot area has a highly significant and positive impact on sale price. The negative 

coefficients on the “North” and “East” location values should be interpreted as indicating 

that lots north and/or east of the reference parcel are expected to sell for less than those 

south and/or west. The magnitude of the “East” coefficient clearly shows the 

attractiveness, to homebuyers, of the suburban areas west of Gainesville. The negative 

impact of distance from the reference parcel was expected. This could be interpreted as 

the negative influence of longer trips. 

The open space values must be considered together to measure the impact of open 

space. Open space area is insignificant so value of open space is measured by both 



107 

 

proximity to the lot and the type of open space. Thus, the full impact of open space is the 

combination of the proximity and type effects. 

The negative relationship of the forest/park variable indicated that some form of 

negative influence resulted from these types of open space. One possibility, since many 

of these parcels are neighborhood parks, is that noise was a factor. Another possibility 

was that common areas, the most frequent open space type encountered, were perceived 

as a “private” park only available to residents of the subdivision, whereas the forest/park 

variable represented areas open to the public. Regardless, the impact of a lot being within 

365.7 m (1,200 ft) of a forest or park was still positive, though not as positive as 

proximity to common areas. Proximity to a golf course had a positive impact on sale 

price. Stating that common areas have a neutral influence while golf courses and 

forest/parks have positive and negative influences, respectively, could summarize the 

type variable results. 

The proximity coefficients are positive in relation to price and show a lessening 

impact as distance increases. The proximity results indicated that the positive impact of 

open space on home sale price is less with increasing distance. A possible explanation for 

this result is that lots with open space frontage provide a greater appeal since the owner 

has a view of a natural or landscaped area rather than another owner’s back yard. 

Impact of open space frontage 

Certainly, if the cluster and “full” LID footprints did not attempt to maximize open 

space frontage, the return to the developer would be less. As an example, consider the 

average open space proximity coefficient that was determined for the reduced lot size 

footprint. The development scenarios were analyzed to determine the actual number of 

lots for each open space proximity zone. An average coefficient for open space proximity 
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was determined for the entire development assuming that natural open space is 

considered common area. For the full size lot designs, this coefficient was 0.746 and for 

designs with reduced lot size, cluster footprint 0.874.  Average lot sizes of 1,871.16 m2 

(~20,000 SF) and 934.65 m2 (~10,000) were considered (the actual average over each 

design was certainly somewhat higher). Lots were assumed to be at an average distance 

of 12,191.41 m (40,000 ft or 7.5 miles) from the reference parcel and northwest from this 

parcel. Full size lot designs have predicted receipts from sales of approximately $34.1 

million compared to $27.4 million for the reduced lot designs. 

If this simple analysis is redone, with open space islands removed (most open space 

in now contiguous), the average open space proximity coefficient for the reduced-area 

lots is now 0.798. The sales receipts would now be $25.4 million, representing a 

reduction of $2.0 million. Thus, the loss the developer would suffer from reducing lot 

size would be decreased from $8.7 million to $6.7 million if open space frontage is 

maximized. 

Construction Cost Results 

Construction costs were measured for the four development plans generated in 

AutoCAD Land Desktop 3 (developed by AutoDesk). The construction costs are 

measured directly form the site plans. Construction take-offs of this nature must also be 

considered estimates, particularly because they are priced through sources that compile 

average price data. The actual construction price will depend upon availability of 

materials and other market factors at the time materials are ordered. 

Complete results for each line item are available in Appendix B. Table 5-7 lists the 

total estimated costs and costs per lot for each design alternative. These costs are adjusted 

with the 0.816 location factor for Gainesville from Means (2001). The traditional and 
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“partial” LID designs are based on a 719-lot subdivision, while the other alternatives are 

based on a 720-lot subdivision. 

Table 5-7. Construction cost estimates. 
Alternative Total: Per Unit 
Traditional $12,287,688 $17,090 

Cluster $8,279,119 $11,499 
Partial LID $12,038,240 $16,743 
Full LID $7,012,326 $9,739 

 
Construction cost estimates indicated that the greatest cost savings resulted from 

decreasing the area impacted by the development project. The actual cost reductions from 

implementing the LID-type storm-water management system, including removing 

sidewalks, does result in cost savings less than $2,000 per unit for the “full” LID option 

and less than $500 for the “partial” LID option. This relatively small reduction was 

attributed to the heavy use of bioretention units in the LID designs. If smaller units were 

used, either by increasing vertical storage or by placing greater reliance on storm-water 

ponds, the costs might have been lower. On the other hand, greater use of ponds would 

require more storm sewer pipe, which would increase the total cost. 

Impact to the Developer and Potential Investors 

This leaves the question as to whether the combined influence of minimizing 

development footprint and/or implementing an LID storm-water management system, 

while maximizing open space frontage, provides the same return to the developer. A 

simple comparison, outlined in the section discussing the results of the open space, was 

done to estimate these impacts. The average coefficient for the traditional and “partial” 

LID developments was 0.746 and 0.874 for the cluster and “full” LID. The total receipt 

from sales was computed and the construction costs subtracted. Average lot sizes of 

1,871.16 m2 (~20,000 SF) and 934.65 m2 (~10,000) were considered (the actual average 
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over each design was certainly somewhat higher). The lots were assumed to be at an 

average distance of 12,191.41 m (40,000 ft or 7.5 miles) from the reference parcel and 

northwest from this parcel. Table 5-8 shows the results of this computation. The gross 

profit is computed as the sales receipts minus the construction costs. The difference from 

the traditional development is also shown. 

Table 5-8. Estimated project return. 
Alternative Sales receipts Gross profit a Difference b Return/cost 
Traditional $34,136,023 $21,848,335 ----- 1.78 

Cluster $27,462,215 $19,183,096 - $2,665,239 2.32 
“Partial” LID $34,136,023 $22,097,783 $249,448 1.84 
“Full” LID $27,462,215 $20,449,889 - $1,398,446 2.92 

a Computed as sales receipts minus construction cost. 
b Difference from the traditional development profit. 
 

The return on these design alternatives is conceptual and may not represent the 

actual return on a development project because not all costs are represented. These results 

could be interpreted two ways. The first, and obvious, interpretation is that two of the 

alternative designs produce less money for the developer due to reduced lot size. The 

cluster design profit is $2.67 million less than the traditional design. The LID design 

results also clearly show the influence of construction cost. The “partial” LID profit is 

$0.25 million higher than the traditional design and the “full” LID option is $1.4 million 

lower, but the difference is less than the cluster design.  

Consider the simple case where the developer agrees to share the profits, after the 

loan balance is repaid, with an investor, who is financing the construction. In this case, 

shown in Table 5-9, the developer received less money from two alternatives. The 

developer’s profit may drive the choice of alternative if profit was the only factor 

involved, although this might not be the case if the developer is receiving outside 

financing. 
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Table 5-9. Conceptual profit in dollars. 
Alternative Construction cost Gross profit To investor To developer 
Traditional $12,287,688 $21,848,335 $10,924,168 $10,924,168 

Cluster $8,279,119 $19,183,096 $9,591,548 $9,591,548 
“Partial” LID $12,038,240 $22,097,783 $11,048,892 $11,048,892 
“Full” LID $7,012,326 $20,449,889 $10,224,945 $10,224,945 

 
The second interpretation involves looking at the ratio of return, or profit, to the 

development costs. This view may be more appropriate. In this case the alternative 

practices, particularly the “full” LID option, have a higher return. In other words, the 

costs of development may drive the choice of alternative. Consider the investor. The 

investor is being asked to finance construction. He or she may very well favor the “full” 

LID option since the investment is lower, allowing the money that would have gone to 

construction to be invested elsewhere, but the profit is comparable to a traditional 

development.  

The ratio of return to cost would be 2.63 for the “full” LID and 2.08 for the cluster 

design if open space frontage had not been maximized. These are still higher than the 

traditional development option.  

Limitations 

This study, while useful, has certain limitations. The hedonic price equation only 

provides an estimate of sale price. The model does not represent about one third of the 

variation in actual sale price. For example, the model considers neither discounts for 

early sales (“pioneers”) nor premiums for final sales in popular developments. It does not 

consider the “character” of the development. For example buyers may perceive the LID 

storm-water management system in a less desirable light. This may also affect the loan 

terms from investors. Since the LID storm-water management system may be considered 

“new”, it may be seen as a riskier investment.  
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Construction costs compared in this study were limited to those that appeared most 

important. Other costs, such as sanitary sewers and lift stations, transport of materials, 

taxes, re-zoning costs, land acquisition, and engineering costs, are not included. They are 

assumed equal across the development scenarios. In some cases, this may be a valid 

assumption, but in other cases these costs may favor one alternative.  

This study also assumed that development and sales took take place over a short 

time. Sales price may be lowered to provide a sufficient cash flow to cover financial 

obligations such as loan payments. It is possible that designs that deviate from the 

traditional development may require higher price reductions due to buyer and investor 

perceptions. Cost and sales prices are not adjusted for inflation. However, since the study 

period is relatively short, this adjustment was not deemed necessary. 

Maintenance of the LID storm-water management system is not addressed in this 

analysis. The LID literature cited in this research provided no information on the 

maintenance costs. However, they describe the anticipated maintenance as being routine 

upkeep of the landscaping, normally the responsibility of the property owner (Prince 

Georges County, Ch. 5, p. 7, 1997, Ch. 4, pp. 9,18, 1999a). The conventional system 

would be normally maintained by the Homeowners Association except for inlets and 

pipes on streets dedicated to the County (ACBCC, 2002). It would be reasonable to 

assume that the County would also maintain the swales if the interior streets were 

dedicated. A certain level of upkeep by the homeowner is a reasonable expectation since 

most owners would want to keep the landscaping aesthetically pleasing. The 

Homeowners Association could be expected to provide more extensive maintenance per 

the requirements set forth by Alachua County and ensure that drainage to the bioretention 
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units is maintained, although the issue of enforcement of maintenance on private property 

remains an issue. The question is whether the long-term maintenance costs of the LID 

storm-water management system are higher than the costs of the conventional system. If 

this is the case it might translate into higher expenses to the homeowner either through 

Association dues or upkeep costs. How this affects the decision of a prospective buyer is 

not known, nor can it easily be measured. These long-term costs cannot be considered 

developer construction costs since the developer is usually only responsible for 

maintenance until a sufficient number of owners exist to form a Homeowners 

Association. A possible measure of impact, character of the development, was discussed 

earlier in this section. However, it is possible that the negative impact of higher 

Association dues or upkeep costs may be off-set by the attractiveness of the development 

as an environmentally friendly development. Marketing the development as 

“environmentally friendly” also would provide the developer an opportunity to educate 

the buyer on the required upkeep of the storm-water management system (Prince Georges 

County, Ch. 6, pp. 3-4, 1997).  

Economic Summary and Conclusions 

The impact of open space is certainly positive. As expected, the impact of open 

space decreased with distance. Also as expected, type of open space was important. Golf 

courses had the highest benefit while forest/parks generally had a negative influence. 

Common areas were essentially neutral. Open space type and proximity must be 

considered together to understand the full effect of open space on lot sale price. The net 

effect of open space is positive for all types, but the differing influences of open space 

type mean that golf courses have the greatest positive influence followed by common 

areas and, finally, off-site park-land or forest preserves. At the same time, the hedonic 
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price analysis clearly shows the impact of lot size. Maximizing the number of lots with 

open space frontage did return a significant dollar amount to the developer, although not 

enough to mitigate the loss of money from smaller lots.  

The construction cost results show that significant savings could be realized by 

minimizing the development footprint. The use of an LID storm-water management 

system that emphasizes costly bioretention units, but minimizes storm sewer pipe, curb 

and gutter and sidewalks also provided a smaller degree of cost savings. The construction 

cost savings may be the driving factor for this site, particularly if competition for 

financing is high. All alternatives to traditional development had lower overall costs.  

It can be concluded, for this period in the Gainesville area, that the “full” LID 

alternative has the potential to be, at minimum, economically neutral. If the ratio of profit 

to cost is the statistic of importance, the “full” LID design was the most desirable. 

However, in terms of dollar amount of profit, the “full” LID option resulted in less than 

the traditional design.  

The “partial” LID design resulted in the highest dollar amount (a small increase) 

for the developer, yet this design was not as beneficial in terms of site hydrology 

(assuming no preservation of upland areas). This presents a problem that must be 

addressed. The developer may want to develop the site as a traditional or “partial” LID 

design to maximize profits. In fact there is only a small financial incentive to develop 

with the “partial” LID design. Even if “partial” LID profit was higher and site hydrology 

with full-size lots was improved through on-lot preservation of land, the reason that the 

reduced lots were considered must be remembered. There are concerns as to whether the 

on-lot preservation of uplands areas could adequately protect these areas from impact and 
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whether the conservation easements could be enforced in perpetuity. Furthermore, the 

LID design philosophy recommends that development be avoided, to the greatest extent 

practical, in high infiltration, upland areas. 

Extensive preservation of upland areas away from the lots is practical with a larger 

lot size than was used for the cluster footprint. The question is what lot size and site 

layout is the “ideal”. If open space frontage were maximized, the required lot sizes would 

be lower. Lower lot sizes also would result in lower construction costs, which depend on 

actual lot geometry. The next chapter discusses the use of a simple decision support 

system that could be utilized to provide guidance on lot size, geometry and open space 

frontage. 
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CHAPTER 6 
DECISION SUPPORT SYSTEMS FOR LAND DEVELOPMENT  

Introduction 

The previous two chapters dealt with hydrologic and economic analyses of 

traditional and alternative land development and storm-water management. A LID-type 

storm-water management system accompanied by reduction in development footprint 

through cluster design provided a hydrologic response that closely mimicked the natural 

response of the undeveloped watershed. Traditional and cluster developments met 

hydrologic regulations, but with significant alterations in the watershed response. Full 

size, cleared lots with no land preservation and an LID storm-water management system 

did not meet regulatory guidelines even after addition of three conceptual detention 

ponds, but the response was sufficiently close to the natural response that preservation of 

some upland areas on the lots could improve the hydrology. 

The economic analysis showed that the LID storm-water management system was 

less expensive than conventional systems for the construction line items analyzed. Cost 

savings, larger than those realized from implementing the LID storm-water management 

system, were obtained by utilizing the cluster design footprint, which reduces lot size and 

the need for infrastructure that is dependent on lot dimensions. The cluster design 

footprint does negatively impact the developer because much of the value of the lots is in 

their area. A portion of this loss can be mitigated through maximizing open space 

frontage.  
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These results may not necessarily be representative of all development cases. In 

fact, they represent a particular “snap-shot” in time and don’t consider all costs. They do 

indicate that it would be possible to use an optimization procedure to determine the 

“best” lot size and storm-water management system. The term “best” is defined in this 

case as the same receipts as the traditional design. It can be argued, based on the results 

presented in the previous chapter that receipts from the “partial” LID design should be 

used since they represent the maximum profit. This could well be the developer’s 

viewpoint. However, profit from the traditional design is virtually the same. The purpose 

of this chapter is to introduce a simple decision support system (DSS) as an example of 

computing the “best” site configuration. Although the focus in this chapter is on the 

developer’s profit, the DSS example could also be applied to meet a desired ratio of 

profits to cost. 

The typical land development procedure can, generally, be described as the 

developer hiring an engineer and planner to produce acceptable plans for a design 

concept that has already been selected. The land planner or engineer’s goal is to produce 

plans that will meet regulatory goals and stay close to the developer’s concept. This is 

critical because the developer may have already produced a financial schedule based on 

the concept. If the developer is wise, an initial consultation has taken place with an 

engineer or planner to see what is possible with the site. A DSS would provide a means to 

evaluate alternatives to the traditional development. Such a system could include the 

developer’s market study with statistical data on construction costs. 

Literature Review  

Sample et al. (2001, 2003) provide two examples of a DSS applied to land 

development. Sample et al. (2001) utilized Excel Solver to determine the least cost option 
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for lots, including opportunity costs, while maintaining the initial abstraction of the 

NRCS curve number method. In theory, the character of the development was analyzed 

as an alternative. Sample et al. (2003) present another analysis of the same hypothetical 

site used in the 2001 study. Again, the goal is the least cost system.  

Construction of the DSS  

The first step in construction of the DSS was to decide what the ultimate goal of the 

output was. The obvious goal is to ensure that receipts for the alternate design are 

identical to the traditional design. This would ensure that profits would be the same. 

Ideally, the DSS will converge on a solution that is close to the 934.65 m2 (~10,000 SF) 

lots that were analyzed in the hydrology portion of this research. This lot size, with the 

LID storm-water management system, provided the most desirable result from a 

hydrologically and environmentally perspective.   

The work outlined in the previous chapters was presented in Chapter 1 as a test of 

four corners of a solution space. The lot size axis is intuitive and easily measured. It 

represents the relative degree of open space preserved. The second axis is the measure of 

the character of the development, specifically whether the storm-water management 

system is an LID-type system or not. This is conceptual, but a measure of the amount of 

storm-water ponds required may be considered. A portion of this solution set was 

eliminated during the hydrologic analysis. Specifically, since each design required storm-

water ponds, the upper portion of the solution set, representing “pure” LID storm-water 

management using only bioretention units, is eliminated. Figure 6-1 shows this 

graphically. 
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Sale Price  

The first portion of the DSS was estimation of receipts from sales. This used the 

results of a hedonic price analysis outlined in Chapter 5. This procedure was recently 

used by Bolitzer and Netusil (2000), Doss and Taff (1996) and Do and Grudnitski (1995) 

in analyses of the impact of open spaces on home sale prices.  

 
 
Figure 6-1. Conceptual solution set revised from hydrologic analysis. 

This DSS was constructed utilizing an Excel spreadsheet with the Solver add-on. 

The baseline conditions of the traditional design use an average lot size of 1,871.16 m2, 

an average open space proximity coefficient of 0.746 (assuming common area), location 

north and a distance of 12,191.41 m (40,000 ft or 7.5 miles) from a reference parcel. The 

resulting sale price per lot is multiplied by 719 lots.  

Construction Costs 

An estimation of construction costs was required. Costs for individual construction 

line items were determined from Means (2001) and Sample et al. (2003). Since the LID 
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storm-water management system was less expensive than the conventional system, cost 

estimates for the conventional system are irrelevant. This might be the case if all 

assumptions used in design or in the LID construction costs are correct. This, however, 

may not always be true. For example, the LID storm-water management system or the 

modified cluster footprint may require re-zoning as a Planned Development District. 

Legal costs associated with this are not included in the research. Tabulation of 

conventional storm-water management was done even though its impact on the final 

outcome of this particular DSS analysis is doubtful. 

It was necessary to generate cost functions for each line item. Ideally, these would 

be generated from a statistical database based on similar projects in the area. For this 

example, a linear relationship was assumed (recall Figure 1-1 and the description of this 

research as a test of four corners of a solution set). Each line item was computed using 

the physical parameter (lot area or lot width) determined to be most applicable. For 

example, curb is based on lot width, while the volume of storm-water ponds or area of 

bioretention storage was based on lot area. Cost items not included in this analysis, such 

as the cost of land acquisition, can easily be added. 

DSS Function 

The DSS function is defined as:  

               13 

R = SR - Σ (Ci)                                  (Eqn. 6-1)   
               i = 1 

Where R is net receipts, SR is total value of sales and C is the 13 construction line items. 

Each cost function is a simple linear relationship. SR is computed from the function: 

SR = x * ey                                           (Eqn. 6-2) 
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Where x is the number of lots in that particular design, and y is the sum of the products of 

coefficients and variables in the hedonic price equation. 

 Three parameters were allowed to vary: open space coefficient in the hedonic 

price equation, lot width along the street and lot depth. The analysis was subject to the 

following constraints: 

• The open space coefficient could vary between 0.746 and 0.874. 

• Total lot area could be no less than 928.9 m2 and no greater than 1,700.02 m2 (less 
than the traditional development lot size, but the maximum lot size that was 
determined to allow full frontage on open space). 

• The lot width must be less than the depth.  

• The lot width must be at least 21.9 m, which is the minimum width for standard 
house footprint and side lots. 

The maximum open space frontage was based on the cluster design. The coefficient 

used as a constraint reflects the fact that some lots do not have open space frontage in the 

cluster design footprint. The limitation on maximum lot size was a further reduction of a 

portion of the solution set (Figure 6-2). This constraint was required to prevent the model 

from returning a solution with the same lot size as the traditional development, but with 

maximum open space frontage. This is an impossible situation. This is not to say that a 

better constraint could be developed. 
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Figure 6-2. Conceptual solution set with constraint on maximum lot area. 

Results  

The resulting lot dimensions from the DSS, under the constraints listed above, are 

presented in Table 6-1. Lot dimensions of the full size and cluster footprints are also 

listed for comparison. 

Table 6-1. DSS Output. 
Parameter DSS output Full size lot Cluster lot 

Width 27.45 m 37.2 m 27.9 m 
Depth 39.10 m 50.3 m 33.5 m 
Area 1072.06 m2 1871.16 m2 934.65 m2 

 
The cluster lot was used in two of the alternative site designs: cluster development 

and “full” LID. This result calls for a slightly larger and deeper lot. This result called for 

most lots to have frontage on open space, just as the “full” LID and cluster designs 

provided. The larger lot size compensates for the fact that open space frontage does not 

fully mitigate losses due to reduced lot size. The final lot size was still sufficiently close 

to the “full” LID lot size so it can be concluded that storm-water management goals for 
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the design storms should be realized through a system maximizing shallow depression 

storage in swales and bioretention areas. This solution returned the same net dollar 

amount, but not all development costs such as sanitary sewer or electrical distribution 

systems were included in the cost function.  

The solution cannot be considered unique. Different starting conditions will result 

in convergence on other answers. The starting conditions used in this run were lot width 

and depth of 1 m and an open space coefficient of 0.746 (same as traditional 

development). 

Limitations  

There were certain limitations in this model that need to be considered. The output 

from this model assumed rectangular lots. Therefore, the actual costs of the development 

may not exactly match the output from the DSS, which should be considered an estimate. 

Not all construction and land development costs were considered. These additional costs 

could, however, be easily added. The model was also not perfect in the sense that it does 

not directly attempt to maximize open space preservation. Additional computations in the 

spreadsheet might allow this. Finally, the input for costs and estimated sale price are only 

as good as the methods utilized to determine them, and their weaknesses should be 

considered. 

The DSS did not directly consider storm-water management goals. The DSS is 

based on results of the hydrologic analysis for a particular site. However, a statistical 

database of storm-water controls required on similar developments might improve the 

confidence of the estimates. The cost functions themselves may not be the best measures 

of actual costs. This is particularly a concern for parameters related to lot area. Perhaps a 

better measure would be to base these cost line items on the percent of the subdivision 
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left in natural condition. Spatial layout of the lots and open space are not considered. This 

is still up to the land planner or engineer. It is possible, depending on the actual site 

conditions, that the land preservation requirements of both LID and the desired return 

cannot be met. 

Conclusions  

The purpose of this example was to show the potential usefulness of a DSS in the 

land development process. In this case, the DSS was used to determine the most 

advantageous lot geometry, compared to the traditional development, using estimates for 

lot sale price and construction costs. Admittedly, the problem and the DSS presented here 

were simple and the outcome rather predictable. However, this simple example proves 

the major point that use of a DSS would greatly simplify the land development process 

for LID-type developments. The solution provided by the DSS would have required 

development of site plans until the developer was satisfied, if done by “trial and error”. 

Therefore, this DSS would have saved considerable time if it had been used in the initial 

planning process. 

A DSS could be applied to much more complex problems. For example, a DSS 

could be integrated into a developer’s financial pro forma with the target being a specific 

rate of return for investors. The DSS presented here was quite simple and meant only to 

show the usefulness as a land development tool. The DSS itself could be made more 

complex. For example, it could be developed to maximize open space preserved. The 

usefulness of these tools should not be ignored if alternative land development practices 

are considered.
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CHAPTER 7 
CONCLUSION 

This research consisted of three components: a hydrologic analysis, an economic 

analysis and the construction of a simple Decision Support System. An LID land 

development plan using reduced lot size, maximizing open space frontage, and an 

infiltration based storm-water management system, resulted in a hydrologic response 

very close to the natural watershed response for two design storms. This was superior to 

the hydrologic response of a traditional development with full size lots or a cluster 

development with reduced lots and conventional storm-water management. Full size lots 

with the infiltration based storm-water management provided a response closer to natural 

conditions, but when analysis was stopped, this plan did not meet regulatory requirements 

for the 25-year, 24-hour design storm. The LID designs, however, had the potential to 

perform worse than a pond system under conditions where the antecedent moisture is 

high, although the pond systems also performed worse than the natural watershed 

response. 

The “partial” LID plan provided the greatest, conceptual profit, followed by the 

traditional design, “full” LID design and cluster development. The ratio of net receipts to 

costs was highest for the “full” LID design followed by the cluster design, “partial” LID 

and traditional development. 

The third portion of this research presented a simple version of a DSS as a potential 

method for determining optimal geometry and size of the lots. This was done to illustrate 

the potential usefulness of these systems in the land development process, particularly 
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where alternative methods of land development and storm-water management introduce 

questions of economic impacts to the developer. 

It is hoped that this research will encourage use of alternative practices in North-

Central Florida. Alternative practices often encounter opposition when first proposed. 

This may not be based on scientific grounds, but instead on economics. This research 

should help dispel concerns along these lines. What makes this research different is that 

economics, from the developer’s viewpoint, were addressed.  

This study contributes to a growing body of literature on the subject of LID and 

alternative land development and storm-water management practices. However, more 

work is needed, particularly field studies on individual storm-water management systems 

and actual development projects, to conclude adequately that these practices are superior 

to the traditional methods of land development and storm-water management.
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APPENDIX A 
HYDROLOGIC MODEL INPUT 

Table A-1. Existing conditions model areas. 
Sub-area Area (km2) 
Area 1 0.31718 
Area 2 0.41887 
Area 3 0.49182 
Area 4 0.15484 
Area 5 0.16217 
Area 9 0.08474 
Area 8 0.07678 
Area 10 0.21945 
Area 11 0.19110 
Area 6 0.27353 
Area 7 0.34148 
Area 12 0.15577 

 
Table A-2. Traditional development cover conditions (all units m2). 
Sub-Area Road/Sidewalk Open space Houses Lawns Total %DCIA 
Basin 1 16467 40899 19012 88839 165217 10% 
Basin 2 32486 54569 25220 123150 235424 14% 
Basin 3 26451 5737 30070 165985 228244 12% 
Basin 4 53249 10926 49082 251162 364419 15% 
Basin 5 29397 24490 25220 128035 207142 17% 
Basin 6 35437 36220 29876 145112 246644 14% 
Basin 7 31665 39968 35114 177688 284434 11% 
Basin 8 43585 91324 49082 237409 421400 10% 

UnCon 1 0 6661 0 6785 13446 0% 
UnCon 2 0 0 1552 8232 9784 0% 
Uncon 4 0 1958 3492 13797 19248 0% 
UnCon 5 0 43638 0 496 44134 0% 
UnCon 6 0 25495 1940 13259 40694 0% 
UnCon 7 0 17754 3492 16293 37539 0% 
UnCon 8 0 16056 0 2582 18638 0% 
UnCon 9 0 72410 0 986 73397 0% 
UnCon 10 0 117918 3686 36467 158071 0% 
UnCon 11 0 154451 1358 16541 172350 0% 
UnCon 12 0 147550 776 3997 152323 0% 
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Table A-3. Cluster development cover conditions (all units m2). 
Sub-Area Road/Sidewalk Open space Houses Lawns Total %DCIA 
Basin 1 14686 95168 21480 55247 186580 8% 
Basin 2 38453 107244 40252 105033 290982 13% 
Basin 3 6827 37220 7220 21020 72287 9% 
Basin 4 35496 104691 27436 82249 249872 14% 
Basin 5 22997 45731 28519 71236 168483 14% 
Basin 6 26092 147595 34115 80394 288195 9% 
Basin 7 23409 66420 33393 81260 204482 11% 
Basin 8 26347 152055 40974 92526 311902 8% 
Basin 9 7596 27638 10108 28673 74015 10% 

UnCon 1 0 15431 1083 9848 26362 0% 
UnCon 2 0 11641 3610 8266 23516 0% 
UnCon 3 0 3046 1083 2076 6205 0% 
Uncon 4 0 154841 0 0 154841 0% 
UnCon 5 0 65983 2166 3286 71435 0% 
UnCon 6 0 51657 1083 3468 56208 0% 
UnCon 7 0 18043 1444 12248 31734 0% 
UnCon 8 0 76777 0 0 76777 0% 
UnCon 9 0 72719 0 802 73521 0% 
UnCon 10 0 167311 4874 22223 194408 0% 
UnCon 11 0 177309 1083 1903 180295 0% 
UnCon 12 0 150449 0 0 150449 0% 
 
Table A-4. “Partial” LID development cover conditions (all units m2). 
Sub-Area Road/Sidewalk Open space Houses Lawns Total 

Area 1 27154 69861 38024 198055 333094
Area 2 21101 66809 50052 237627 375590
Area 3 22447 132875 59752 281437 496511
Area 4 11428 10096 22116 114764 158404
Area 5 4803 62147 12416 64292 143658
Area 6 27277 65108 36666 186918 315970
Area 7 18877 95800 38412 188396 341485
Area 8 2012 32596 6596 35572 76777 
Area 9 0 84743 0 0 84743 
Area 10 6224 149277 9894 54057 219451
Area 11 2146 153867 4268 30818 191100
Area 12 0 150564 776 4426 155767
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Table A-5. “Full” LID development cover conditions (all units m2). 
Sub-Area Road/Sidewalk Open space Houses Lawns Total 

Area 1 19323 171262 35599 94600 320784
Area 2 26469 197098 59821 137315 420704
Area 3 22286 235458 70831 150642 479217
Area 4 0 154841 0 0 154841
Area 5 5735 105378 18350 38614 168076
Area 6 16929 133387 33397 82817 266531
Area 7 18177 206569 39269 90543 354558
Area 8 0 76777 0 0 76777 
Area 9 0 84743 0 0 84743 
Area 10 347 214900 1468 2736 219451
Area 11 1657 170572 5505 13366 191100
Area 12 0 155767 0 0 155767

 
Table A-6. Initial percent of storage full and sub-area at-large groundwater routing input.  
GW1 Rt2 #RES GW 1 GW2 Rt2 #RES GW 2 %Soil full %GW1 full %GW2 full

2 2 1 1 0 0 95/91 
2 2 1 1 0 0 95/91 
2 2 1 1 0 0 95/91 
2 2 1 1 0 0 95/91 
2 2 1 1 0 0 95/91 

0.5 1 1 1 30/6 50/0 97/93 
2 2 1 1 0 0 95/91 

0.5 1 1 1 30/6 50/0 97/93 
0.5 1 1 1 30/6 50/0 97/93 
2 2 1 1 0 0 95/91 
2 2 1 1 0 0 95/91 

0.5 1 1 1 30/6 50/0 97/93 
Note: At-large groundwater input is the same for developed conditions. Coefficients are 
applied based upon the dominant character (upland or lowland) of the developed sub-
area. Percent full lists 2 numbers. The first is for the continuous model and the second for 
the design storms (assumed average antecedent moisture condition). Groundwater routing 
coefficients have units of hr.  
 
Table A-7. Evapotranspiration input for all models. 

Parameter June July August September October 
ET Depth (mm) 193 181 170 145 126 
Pan coefficient 0.3 0.3 1.0 0.3 0.7 
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Table A-8. Existing conditions soil moisture units. 

Sub-Area 
Canopy 
(mm) 

Surface 
(mm) 

Infiltration 
(mm/hr) 

Soil 
(mm)

Tension  
(mm) 

Soil Perc 
(mm/hr)

GW1 
(mm)

GW1 
Perc 

(mm/hr)
GW1 Rt 

(hr) 
GW2 
(mm) 

Deep Perc 
(mm/hr)

GW2 Rt 
(hr) 

Area 1 1 2 304 25 4 304 25 104 125 1250 0.04 7000 
Area 2 1 2 304 25 4 304 25 104 125 1250 0.04 7000 
Area 3 1 2 304 25 4 304 25 104 125 1250 0.04 7000 
Area 4 1 2 304 25 4 304 25 104 125 1250 0.04 7000 
Area 5 1 2 304 25 4 304 25 104 125 1250 0.04 7000 
Area 9 2 2 304 20 13 52 12 25 50 600 0.04 7000 
Area 8 1 2 304 25 4 304 25 104 125 1250 0.04 7000 
Area 10 2 0 304 20 13 52 12 25 50 600 0.04 7000 
Area 11 2 0 304 20 13 52 12 25 50 600 0.04 7000 
Area 6 1 2 304 25 4 304 25 104 125 1250 0.04 7000 
Area 7 1 2 304 25 4 304 25 104 125 1250 0.04 7000 
Area 12 2 2 304 20 13 52 12 25 50 600 0.04 7000 

 
Table A-9. Traditional development soil moisture units.  

Sub-
Area 

Canopy 
(mm) 

Surface 
(mm) 

Infiltration 
(mm/hr) 

Soil 
(mm)

Tension 
(mm) 

Soil Perc 
(mm/hr)

GW1 
(mm) 

GW1 
Perc 

(mm/hr)
GW1 

Rt (hr) 
GW2 
(mm) 

Deep 
Perc 

(mm/hr)

GW2 
Rt 

(hr) 
Basin 1 1 2 304 18 4 280 21 97 119 1029 0.04 7000
Basin 2 1 2 304 18 3 304 22 104 125 1095 0.04 7000
Basin 3 1 2 304 16 3 304 21 104 125 1064 0.04 7000
Basin 4 1 2 304 16 3 291 20 100 121 1025 0.04 7000
Basin 5 1 2 304 17 3 303 21 104 125 1071 0.04 7000
Basin 6 1 2 304 17 3 304 21 104 125 1073 0.04 7000
Basin 7 1 2 304 17 3 282 21 97 119 1030 0.04 7000
Basin 8 1 2 304 17 3 290 21 100 121 1057 0.04 7000
Ucon 1 1 2 304 22 3 304 25 104 125 1250 0.04 7000
Ucon 2 1 2 304 16 3 304 21 104 125 1052 0.04 7000
Ucon 4 1 2 304 16 3 304 20 104 125 1023 0.04 7000
Ucon 5 1 2 304 25 4 304 25 104 125 1250 0.04 7000
Ucon 6 1 2 304 22 3 304 24 104 125 1190 0.04 7000
Ucon 7 1 2 304 20 3 304 23 104 125 1134 0.04 7000
Ucon 8 1 2 304 24 4 304 25 104 125 1250 0.04 7000
Ucon 9 2 2 304 20 13 52 12 25 50 600 0.04 7000
Ucon10 2 0 304 18 12 52 12 25 50 586 0.04 7000
Ucon11 2 0 304 19 13 52 12 25 50 595 0.04 7000
Ucon12 2 2 304 20 13 52 12 25 50 597 0.04 7000
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Table A-10. Cluster development soil moisture units. 

Sub-
Area 

Canopy 
(mm) 

Surface 
(mm) 

Infiltration 
(mm/hr) 

Soil 
(mm)

Tension 
(mm) 

Soil Perc 
(mm/hr)

GW1 
(mm)

GW1 
Perc 

(mm/hr)
GW1 Rt 

(hr) 
GW2 
(mm) 

Deep 
Perc 

(mm/hr)
GW2 

Rt (hr)
Basin 1 1 2 304 19 4 280 21 96 118 1031 0.04 7000 
Basin 2 1 2 304 18 3 304 21 104 125 1051 0.04 7000 
Basin 3 1 2 304 20 3 304 22 104 125 1112 0.04 7000 
Basin 4 1 2 304 19 3 301 22 103 124 1084 0.04 7000 
Basin 5 1 2 304 17 3 294 20 101 122 981 0.04 7000 
Basin 6 1 2 304 20 3 304 22 104 125 1087 0.04 7000 
Basin 7 1 1 304 17 3 286 19 98 120 974 0.04 7000 
Basin 8 1 2 304 19 3 302 21 103 125 1067 0.04 7000 
Basin 9 1 1 304 18 5 265 19 92 125 961 0.04 7000 
Ucon 1 1 2 304 22 3 304 24 104 125 1199 0.04 7000 
Ucon 2 1 2 304 19 3 304 21 104 125 1058 0.04 7000 
Ucon 3 1 2 304 19 3 304 21 104 125 1032 0.04 7000 
Ucon 4 1 2 304 25 4 304 25 104 125 1250 0.04 7000 
Ucon 5 1 2 304 24 4 304 24 104 125 1212 0.04 7000 
Ucon 6 1 2 304 23 4 304 24 104 125 1193 0.04 7000 
Ucon 7 1 2 304 21 3 304 24 104 125 1193 0.04 7000 
Ucon 8 1 2 304 25 4 304 25 104 125 1250 0.04 7000 
Ucon 9 2 0 304 20 13 52 12 25 125 600 0.04 7000 
Ucon10 2 0 304 19 12 52 12 25 125 585 0.04 7000 
Ucon11 2 0 304 20 13 52 12 25 125 600 0.04 7000 
Ucon12 2 2 304 20 13 52 12 25 125 600 0.04 7000 
 
Table A-11. “Partial” LID development soil moisture units. 

Sub-Area 
Canopy 
(mm) 

Surface 
(mm) 

Infiltration 
(mm/hr) 

Soil 
(mm)

Tension 
(mm) 

Soil Perc 
(mm/hr)

GW1 
(mm)

GW1 
Perc 

(mm/hr)
GW1 

Rt (hr) 
GW2 
(mm) 

Deep 
Perc 

(mm/hr)
GW2 

Rt (hr)
Area 1 1 2 304 17 3 304 20 104 125 1005 0.04 7000 
Area 2 1 2 304 17 3 304 20 104 125 1013 0.04 7000 
Area 3 1 2 304 18 3 304 21 104 125 1043 0.04 7000 
Area 4 1 2 304 16 3 304 20 104 125 985 0.04 7000 
Area 5 1 2 304 20 3 304 22 104 125 1100 0.04 7000 
Area 6 1 2 304 17 3 304 20 104 125 997 0.04 7000 
Area 7 1 2 304 18 3 304 21 104 125 1040 0.04 7000 
Area 8 1 2 304 20 3 304 22 104 125 1110 0.04 7000 
Area 9 2 0 304 20 13 52 12 25 50 600 0.04 7000 
Area 10 2 0 304 17 11 52 11 25 50 556 0.04 7000 
Area 11 2 0 304 19 12 52 12 25 50 580 0.04 7000 
Area 12 2 2 304 20 13 52 12 25 50 597 0.04 7000 
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Table A-12. “Full” LID development soil moisture units. 

Sub-Area 
Canopy 
(mm) 

Surface 
(mm) 

Infiltration 
(mm/hr) 

Soil 
(mm)

Tension 
(mm) 

Soil Perc 
(mm/hr)

GW1 
(mm)

GW1 
Perc 

(mm/hr)
GW1 

Rt (hr) 
GW2 
(mm) 

Deep 
Perc 

(mm/hr)
GW2 

Rt (hr)
Area 1 1 2 304 19 3 304 21 104 125 1036 0.04 7000
Area 2 1 2 304 18 3 304 20 104 125 994 0.04 7000
Area 3 1 2 304 18 3 304 20 104 125 1007 0.04 7000
Area 4 1 2 304 25 4 304 25 104 125 1250 0.04 7000
Area 5 1 2 304 20 3 304 21 104 125 1071 0.04 7000
Area 6 1 2 304 19 3 304 20 104 125 1014 0.04 7000
Area 7 1 2 304 20 3 304 21 104 125 1047 0.04 7000
Area 8 1 2 304 25 4 304 25 104 125 1250 0.04 7000
Area 9 2 2 304 20 13 52 12 25 50 600 0.04 7000
Area 10 2 0 304 20 13 52 12 25 50 595 0.04 7000
Area 11 2 0 304 19 12 52 12 25 50 578 0.04 7000
Area 12 2 2 304 20 13 52 12 25 50 600 0.04 7000

 
Table A-13. “Partial” LID additional depression storage for runoff control. 

Sub-Area Storage (mm) Total vol. (m3) 
Swale vol. 

(m3)  
Bioretention vol. 

(m3) Bio. Area/lot(m2) 
Area 1 13.0 4330 786 3544 237 
Area 2 15.0 5634 1035 4599 234 
Area 3 14.0 6951 1235 5716 244 
Area 4 16.0 2534 457 2077 239 
Area 5 10.0 1437 257 1180 242 
Area 6 13.0 4108 758 3350 233 
Area 7 13.0 4439 794 3645 242 
Area 8 10.0 768 136 631 244 
Area 9 0.0 0 0 0 0 

Area 10 5.5 1207 205 1002 258 
Area 11 3.0 573 88 485 289 
Area 12 0.5 78 16 62 203 

 
Table A-14. “Full” LID additional depression storage for runoff control. 

Sub-Area Storage (mm) 
Total vol. 

(m3) 
Swale vol. 

(m3). 
Bioretention vol. 

(m3) Bio. Area/lot(m2)
Area 1 7.3 2342 526 1816 123 
Area 2 10.0 4207 883 3324 134 
Area 3 9.0 4313 1046 3267 111 
Area 4 0.0 0 0 0 0 
Area 5 6.2 1042 271 771 101 
Area 6 9.0 2399 493 1906 137 
Area 7 7.3 2588 580 2008 123 
Area 8 0.0 0 0 0 0 
Area 9 0.0 0 0 0 0 

Area 10 0.5 114 22 92 151 
Area 11 2.7 513 81 432 189 
Area 12 0.0 0 0 0 0 
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Table A-15. Existing transform input. 
Sub area Tc (hr) Clark R Coeff.
Area 1 1.14 9.12 
Area 2 1.15 9.20 
Area 3 0.90 7.20 
Area 4 0.77 6.16 
Area 5 0.78 6.24 
Area 6 1.04 8.32 
Area 7 1.15 9.20 
Area 8 0.45 3.60 
Area 9 0.40 2.00 
Area 10 0.53 2.65 
Area 11 0.47 2.35 
Area 12 0.66 3.30 

 
Table A-16. “Partial” LID transform input. 
Sub-Area Tc (hr) Clark R coeff

Area 1 1.18 3.37 
Area 2 1.32 3.51 
Area 3 1.00 3.25 
Area 4 0.94 1.80 
Area 5 0.78 3.36 
Area 6 1.29 3.66 
Area 7 1.37 4.56 
Area 8 0.88 3.76 
Area 9 0.40 2.00 
Area 10 0.62 2.40 
Area 11 0.47 2.03 
Area 12 0.66 3.30 

 
Table A-17. “Full” LID transform input. 
Sub-Area Tc (hr) Clark R coeff

Area 1 1.14 5.81 
Area 2 2.18 9.92 
Area 3 1.19 5.56 
Area 4 0.77 6.16 
Area 5 0.78 4.35 
Area 6 1.03 4.90 
Area 7 1.72 9.09 
Area 8 0.45 3.60 
Area 9 0.40 2.00 
Area 10 0.53 2.61 
Area 11 0.47 2.17 
Area 12 0.66 3.30 
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Table A-18. Traditional transform input. 
Sub-Area Tc (hr) Clark R coeff
Basin 1 0.72 2.24 
Basin 2 0.88 2.57 
Basin 3 0.53 0.87 
Basin 4 0.83 1.40 
Basin 5 0.82 1.87 
Basin 6 0.78 1.91 
Basin 7 0.80 1.94 
Basin 8 0.82 2.38 
UnCon 1 0.62 2.92 
UnCon 2 0.55 0.87 
Uncon 4 0.53 1.15 
UnCon 5 0.60 4.72 
UnCon 6 0.83 4.61 
UnCon 7 0.59 2.69 
UnCon 8 0.50 3.54 
UnCon 9 0.40 2.00 
UnCon 10 0.51 2.10 
UnCon 11 0.47 2.18 
UnCon 12 0.66 3.30 
 
Table A-19. Cluster transform input. 
Sub-Area Tc (hr) Clark R coeff
Basin 1 0.74 3.56 
Basin 2 0.98 3.80 
Basin 3 0.85 4.14 
Basin 4 1.16 4.92 
Basin 5 0.68 2.22 
Basin 6 1.03 4.95 
Basin 7 0.84 3.01 
Basin 8 0.82 3.81 
Basin 9 0.54 2.10 

UnCon 1 0.56 2.99 
UnCon 2 0.71 3.35 
UnCon 3 0.33 1.55 
Uncon 4 0.77 6.16 
UnCon 5 0.60 4.50 
UnCon 6 1.02 7.60 
UnCon 7 0.59 3.07 
UnCon 8 0.45 3.60 
UnCon 9 0.54 2.10 
UnCon 10 0.53 2.39 
UnCon 11 0.47 2.32 
UnCon 12 0.66 3.30 
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Table A-20. Traditional development wet ponds 1 to 5. 

Basin 1  Basin 2  Basin 3  
Perm. pool vol 

(m2) 4302 
Perm. pool vol 

(m2) 6520 
Perm. pool vol 

(m2) 6256 
Treat. vol (m2) 4197 Treat. vol (m2) 5980 Treat. vol (m2) 5797 

Elev  (m) Area (m2) Elev  (m) Area (m2) Elev  (m) Area (m2)
0 2286 0 4743 0 6404 

0.5 2610 0.5 5187 0.5 6997 
1 2954 1 5648 1 7609 

1.5 3318 1.5 6128 1.5 8239 
2 3701 2 6632 2 8888 

2.5 4104 2.5 7160 2.5 9552 
3 4523 3 7712 3 10232 

3.5 4957 3.5 8286 3.5 10927 
Orifice center (m) 1.57 Orifice center (m) 1.28 4 11638 

Diameter (m) 0.080 Diameter (m) 0.11 Orifice center (m) 0.95 
Weir crest (m) 1.63 Weir crest (m) 2.17 Diameter (m) 0.11 

Weir length (m) 3 Weir length (m) 0.5 Weir crest (m) 1.63 
Basin 4  Basin 5  Weir length (m) 0.4 

Perm. pool vol 
(m2) 11181 

Perm. pool vol 
(m2) 6167   

Treat. vol (m2) 9256 Treat. vol (m2) 5261   
Elev  (m) Area (m2) Elev  (m) Area (m2)   

0 9686 0 3054   
0.5 10396 0.5 3428   
1 11122 1 3823   

1.5 11864 1.5 4241   
2 12621 2 4680   

2.5 13394 2.5 5145   
3 14181 3 5675   

3.5 14983 3.5 6220   
4 15800 Orifice center (m) 1.71   

Orifice center (m) 1.14 Diameter (m) 0.10   
Diameter (m) 0.15 Weir crest (m) 2.74   
Weir crest (m) 1.85 Weir length (m) 1.75   

Weir length (m) 0.75     
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Table A-21. Traditional development wet ponds 6 to 8. 
Basin 6  Basin 7  Basin 8  

Perm. pool vol 
(m2) 7298 

Perm. pool vol 
(m2) 7742 

Perm. pool vol 
(m2) 11133 

Treat. vol (m2) 6265 Treat. vol (m2) 7225 Treat. vol (m2) 10704 
Elev  (m) Area (m2) Elev  (m) Area (m2) Elev  (m) Area (m2)

0 4417 0 4174 0 5817 
0.5 4869 0.5 4720 0.5 6523 
1 5336 1 5296 1 7272 

1.5 5819 1.5 5891 1.5 8039 
2 6316 2 6505 2 8825 

2.5 6828 2.5 7137 2.5 9629 
3 7355 3 7787 3 10451 

3.5 7896 3.5 8453 3.5 11289 
Orifice center (m) 1.49 4 9135 4 12144 

Diameter (m) 0.1 Orifice center (m) 1.59 Orifice center (m) 1.66 
Weir crest (m) 2.44 Diameter (m) 0.11 Diameter (m) 0.13 

Weir length (m) 1 Weir crest (m) 2.64 Weir crest (m) 2.76 
  Weir length (m) 0.5 Weir length (m) 1 

 
Table A-22. Cluster development wet ponds 1 to 3. 

Basin 1  Basin 2  Basin 3  
Perm. pool vol 

(m2) 4867 
Perm. pool vol 

(m2) 9361 
Perm. pool vol 

(m2) 1790 
Treat. vol (m2) 4739 Treat. vol (m2) 7391 Treat. vol(m2) 1836 

Elev  (m) Area (m2) Elev  (m) Area (m2) Elev  (m) Area (m2)
0 2286 0 5558 0 1921 

0.5 2610 0.5 5997 0.5 2180 
1 2954 1 6450 1 2455 

1.5 3318 1.5 6917 1.5 2749 
2 3701 2 7400 2 3071 

2.5 4104 2.5 7897 2.5 3420 
3 4523 3 8408 Orifice center (m) 0.86 

3.5 4957 3.5 8935 Diameter (m) 0.06 
Orifice center (m) 1.74 Orifice center (m) 1.57 Weir crest (m) 1.55 

Diameter (m) 0.084 Diameter (m) 0.13 Weir length (m) 2 
Weir crest (m) 2.90 Weir crest (m) 2.50   

Weir length (m) 2 Weir length (m) 1.25   
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Table A-23. Cluster development wet ponds 4 to 9. 
Basin 4  Basin 5  Basin 6  

Perm. pool vol 
(m2) 6555 

Perm. pool vol 
(m2) 5750 

Perm. pool vol 
(m2) 7914 

Treat. vol (m2) 6347 Treat. vol (m2) 4279 Treat. vol(m2) 7320 
Elev  (m) Area (m2) Elev  (m) Area (m2) Elev  (m) Area (m2)

0 9686 0 3908 0 4142 
0.5 10396 0.5 4333 0.5 4578 
1 11122 1 4784 1 5030 

1.5 11864 1.5 5257 1.5 5497 
2 12621 2 5747 2 5978 

2.5 13394 2.5 6252 2.5 6474 
Orifice center (m) 0.70 3 6772 3 6985 

Diameter (m) 0.12 Orifice center (m) 1.33 3.5 7511 
Weir crest (m) 1.22 Diameter (m) 0.10 Orifice center (m) 1.68 

Weir length (m) 2 Weir crest (m) 2.07 Diameter (m) 0.11 
Basin 7  Weir length (m) 2 Weir crest (m) 2.80 

Perm. pool vol 
(m2) 6555 Basin 8  Weir length (m) 1.5 

Treat. vol (m2) 5194 
Perm. pool vol 

(m2) 8675 Basin 9  

Elev  (m) Area (m2) Treat. vol (m2) 7922 
Perm. pool vol 

(m2) 2092 
0 4174 Elev  (m) Area (m2) Treat. Vol (m2) 1880 

0.5 4720 0 4831 Elev  (m) Area (m2)
1 5296 0.5 5367 0 1705 

1.5 5891 1 5913 0.5 2054 
2 6505 1.5 6477 1 2424 

2.5 7137 2 7059 1.5 2815 
3 7787 2.5 7659 2 3224 

Orifice center (m) 1.38 3 8277 2.5 3648 
Diameter (m) 0.11 3.5 8914 Orifice center (m) 1.04 
Weir crest (m) 2.16 Orifice center (m) 1.59 Diameter (m) 0.06 

Weir length (m) 1.25 Diameter (m) 0.12 Weir crest (m) 1.70 
  Weir crest (m) 2.63 Weir length (m) 1.25 
  Weir length (m) 1.25   

 
 

 

 

 

 



 

 

138

Table A-24. LID development conceptual dry detention ponds. 
Partial LID B-1  Partial LID B-2  

Elev. (m) Area (m2) Elev. (m) Area (m2) 
0 5819 0 6128 

0.5 6316 0.5 6632 
1 6828 1 7160 

1.5 7355 1.5 7712 
2 7896 2 8286 

Weir crest (m) 0.00 Weir crest (m) 0.00 
Weir length (m) 0.25 Weir length 0.25 
Partial LID B-3  Full LID B1  

Elev. (m) Area (m2) Elev. (m) Area (m2) 
0 11122 0 4142 

0.5 11864 0.5 4578 
1 12621 1 5030 

1.5 13394 1.5 5497 
Weir crest (m) 0.00 Weir crest (m) 0.00 

Weir length (m) 0.025 Weir length (m) 0.31 
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APPENDIX B 
CONTINUOUS MODEL AND CONSTRUCTION COST RESULTS 

 
 
Figure B-1. Traditional development continuous model results. 

 
 
Figure B-2. Cluster development continuous model results. 
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Figure B-3. “Partial” LID development continuous model results. 

 
 
Figure B-4. “Full” LID development continuous model results. 
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Table B-1. Itemized construction costs (not adjusted for Gainesville). 
 Item: Paving  Item: Straight C&G

Alternative Cost per SM: 17.97 Alternative Cost per M: 27.72 
 Amount Cost  Amount Cost 

Traditional 120883 2172631 Traditional 30806 854066 
Cluster 89940 1616492 Cluster 17651 489364 

“Partial” LID 120883 2172631 “Partial” LID 722 20015 
“Full” LID 89940 1616492 “Full” LID 0 0 

 Item: Radius C&G  Item: Sidewalk 
Alternative Cost per M: 40.85 Alternative Cost per M: 58.89 

 Amount Cost  Amount Cost 
Traditional 4802 196165 Traditional 35608 2097096 

Cluster 6650 271642 Cluster 24301 1431182 
“Partial” LID 161 6577 “Partial” LID 883 52003 
“Full” LID 0 0 “Full” LID 0 0 

 Item: 
ManHole/Catch

Basin  Item: Storm Sewer
Alternative Cost each: 1550 Alternative Cost per M: 154 

 Amount Cost  Amount Cost 
Traditional 573 888150 Traditional 19113 2934189 

Cluster 486 753300 Cluster 13381 2054224 
“Partial” LID 33 51150 “Partial” LID 5640 865903 
“Full” LID 12 18600 “Full” LID 4255 653219 

 Item: Grade  Item: End Sec. 
Alternative Cost per SM: 0.16 Alternative Cost each: 293.00 

 Amount Cost  Amount Cost 
Traditional 1828032 284248 Traditional 32 9376 

Cluster 1031365 160371 Cluster 28 8204 
“Partial” LID 1546698 284248 “Partial” LID 1565 458545 
“Full” LID 806534 125411 “Full” LID 1516 444188 

 Item: Clearing  Item: Swales 
Alternative Cost per SM: 1.29 Alternative Cost per M: 31.15 

 Amount Cost  Amount Cost 
Traditional 1984523 2562519 Traditional 0 0 

Cluster 1145606 1479266 Cluster 0 0 
“Partial” LID 1818805 2348535 “Partial” LID 37205 1158932 
“Full” LID 985797 1272912 “Full” LID 25192 784737 

 Item: Landscaping  Item: Bio retention
Alternative Cost per lot: 684.00 Alternative Cost per SM: 37.68 

 Amount Cost  Amount Cost 
Traditional 719 983592 Traditional 0 0 

Cluster 720 492480 Cluster 0 0 
“Partial” LID 0 0 “Partial” LID 150341 5664849 
“Full” LID 0 0 “Full” LID 89323 3365691 
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Table B-1. Continued. 
 Item: Grass  Item: Pond 

Alternative Cost per SM: 0.51 Alternative Cost per CM: Variable 
 Amount Cost  Amount Cost 

Traditional 1398719 715215 Traditional 220171 1284320 
Cluster 767125 392258 Cluster 157122 997197 

“Partial” LID 1267726 648233 “Partial” LID 29576 284976 
“Full” LID 452971 231620 “Full” LID 5497 80667 
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