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Introduction 

Purpose 
 
  Port LaBelle is an unincorporated platted community developed during the 1970’s in 
Hendry County, Florida (see Figure 1).  The community is served by the Port LaBelle Utility 
System (PLUS) for water and wastewater.  PLUS seeks renewal of its water use permit, 
including an expansion of it annual allocation from the sandstone aquifer located 
approximately 300 feet below the new PLUS membrane softening water treatment plant.  The 
new water use permit application to the South Florida Water Management District requires 
the estimation of population growth and water demands expected over the next decade. 
 

The purpose of this study is to develop forecasts of Port LaBelle population growth 
and domestic water demand trends. This population model will also enable the creation of an 
interactive, online forecasting system capable of automatic revision of the population growth 
model based on new housing starts in Port LaBelle. The model will be useful in planning for 
utilities, roads, firehouses, parks, schools, commercial developments, and other infrastructure 
or services. 
 
   
 

 
                              
                                                            Figure 1.  Port LaBelle location map. 
          
               

History of Port LaBelle 
 

Joe B. Hendry, Sr. the “Cattle King” of south Florida bought most of the county land 
between LaBelle and Clewiston from Henry Ford in 1942 (Brown, 2007).  In 1972, General 
Development Corporation of Miami (GDC) purchased the lands east of the City of LaBelle 
from the heirs of Joe B. Hendry, Sr. GDC created the master plan, which Hendry County and 
the State of Florida approved as a Development of Regional Impact (DRI) in1973.  The 
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design included neighborhood parks, marina, golf course, equestrian center, and a sprawling 
residential community of more than 20,000 residential lots.  Portions of the plats were 
eventually vacated, returning the land to agricultural uses, and Port LaBelle was scaled back 
to approximately 13,000 residential lots divided among 16 “units” as shown in Figure 2. 

 
 

 
 

Figure 2.  Residential units of Port LaBelle. 
 
 
The privately owned Port LaBelle Marina and Port LaBelle Inn are in Unit 103, north 

of State Road 80.  The marina is on the Caloosahatchee River that flows from Lake 
Okeechobee, the second largest freshwater lake in the United States, to Ft Myers and the Gulf 
of Mexico. 

 
Port LaBelle single-family home sites are divided among the 16 units with parcels set 

aside for schools, churches, commercial and recreation.  The first four neighborhoods 
developed were Country Village, Eucalyptus Village, Laurel Oaks and Port LaBelle Villas: 

 
Country Village, in Unit 1, north of Cowboy Way, is a small neighborhood of 
primarily one-bedroom homes each with a single car garage, although many garages 
have been converted to bedrooms. All homes have underground utilities. Lot sizes 
range from one-sixth to one-quarter acre. 
 
Eucalyptus Village, in Unit 4, residences are larger two- and three-bedroom homes 
with one- or two-car garages or carport, although most homes have converted the 
garage to an extra room. All homes have underground utility lines (Brown, 2007). Lot 
sizes range from one-quarter to one-third acre. 

 
Laurel Oaks, in Unit 5, north of State Road 80, is a half-mile east of the Port LaBelle 
Inn and Marina. Homes are executive style with three bedrooms or more and two-car 
garages. The neighborhood has all underground utilities. Lot sizes range from one-
quarter to one-half acre  
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Port LaBelle Villas, in Unit 103, north of State Road 80 and adjacent to the Port 
LaBelle Inn and Marina on the Caloosahatchee River, currently includes two 
multifamily complexes: the single-level villas and the two-story condominium 
buildings, with a total of 60 residential units. 
 
Several other neighborhoods offer alternatives to the standard quarter-acre lots.  These 

include Mira Verde, Oak Haven, Tanglewood, and the Port LaBelle Ranchettes. 
 
Port LaBelle Ranchettes, north of State Road 80 and Unit 102 and just south of the 
Caloosahatchee River, have larger executive-style homes on parcels of two to five 
acres and above ground power lines.  
 
Mira Verde, in Unit 6, south of State Road 80 on Cedarwood Pkwy, built with the 
assistance of the U.S. Department of Agriculture, is a 140-unit apartment complex of 
primarily farm worker residents. 
 
Oak Haven, in Unit 4, on the southwest corner of State Road 80 and Birchwood Pkwy 
on the grounds of the defunct Port LaBelle equestrian center, includes 35, two-acre 
home sites where, like the Ranchettes, executive-style homes are being build.   
 
Tanglewood, in Unit 4, near the northeast corner of Collinswood Pkwy and Cowboy 
Way, is a modular home complex with 54 small lots. 

 
          The remainder and vast majority of the Port LaBelle area are still undeveloped quarter-
acre lots. All homes in these areas will have above ground electric lines on traditional poles. 
Among the Port LaBelle neighborhoods, only the Ranchettes is not served by the water utility.  
Units 10-13 comprise the unpopulated section of Port LaBelle referred to as Banyan Village.  
Water service to this area will be completed in 2007.   
 

The PLUS service area of Port LaBelle could be expanded at some future date to 
match the proposed Hendry County utility zone 2, as shown in Figure 3.  Glades County 
BOCC has already passed a resolution allowing additional areas of its lands to be added to the 
PLUS service area. Formal inclusion of this area is contingent on passage by the Hendry 
County BOCC.   
 

The water transmission pipeline connecting Units 1-9 to Units 10-13 is 16 inches in 
diameter.  This oversized line provides flexibility for additional lands to be incorporated into 
the PLUS service area at any time in the future, or for a second water plant to be located in 
Banyan Village with the ability to send water back to Units 1-9. 
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Figure 3.  Current and potential expanded service area of Port LaBelle Utility System (PLUS). 
 
 

Regional Communities 
  

Lehigh Acres and Cape Coral are two of the largest pre-platted communities in the 
nation.  Both are located in Lee County, while Port LaBelle is in both Hendry County and 
Glades County (see Figure 4). The Lehigh Acres area measures approximately 96 square 
miles, Cape Coral is 114 square miles and Port LaBelle is about 15 square miles.  Today, 
Lehigh Acres has a population of approximately 40,000 while Cape Coral has a population of 
over 125,000 and Port LaBelle almost 5,000. 
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Figure 4.  Communities in the Caloosahatchee River region. 

 
 

Port LaBelle, Lehigh Acres, and Cape Cora are very different communities. The 
population density in Port LaBelle and Lehigh Acres is approximately 400 people per square 
mile, whereas the population density of Cape Coral is over 1000 people per square mile. 
Lehigh Acres was developed during the 1950’s, Cape Coral in 1970 and Port LaBelle in the 
1970’s. The reasons for the rapid growth of Cape Coral include: 
 

• Location near the Gulf of Mexico. 
• 400 miles of fresh and saltwater canals that provide access to the 

Caloosahatchee River and Gulf of Mexico. 
• Proximity to major shopping opportunities. 
• Public services provided by city government. 
• Relatively rapid development primarily by retired owners and young 

families. 
• Public planning done to correct for the deficiencies of the original developer. 
• Public services are meeting current demand. (Van Buskirk, 2004) 

  
Between July 2005 and July 2006, Cape Coral was the 4th fastest growing city in the 

nation among those with a population over 100,000.  It grew at an annual rate of 8.1% during 
this time.  The current cost of land in Cape Coral is relatively high. Lehigh Acres lot prices 
have increased but not as much as in Cape Coral.  Similarly, Port LaBelle home prices lag 
behind those in Lehigh Acres. The values of houses in each community are shown by the 
histograms in Figure 5. 
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Figure 5a.  Home values in Cape Coral. 
 

 

 
 

Figure 5b.  Home values in Lehigh Acres. 
 
 

 
 

Figure 5c.  Home values in Port LaBelle. 
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In 2004, home prices were still affordable in Port LaBelle, but then the entire regional 

market experienced a rapid appreciation in real estate prices in 2005, which was followed by a 
market correction beginning in 2006. The evolution of the prices and the number of houses in 
Port LaBelle are shown in Figure 6.  Nevertheless, the continued rise in coastal property 
values combined with limited wage and income growth will continue to make Port LaBelle 
the more affordable option for working class residents and middle class retirees. Also, those 
seeking a less crowded life style and those seeking proximity to both coasts will be attracted 
to Port LaBelle. 

 
 

 
Figure 6.  Real estate market in Port LaBelle (Hendry County Property Appraiser). 

 
 

Challenges and Opportunities 
 

The remaining undeveloped or sparsely developed units (1-3, 6-13 and 101-102) do 
not have property owners associations or deed restrictions.   The lots are provided with 
minimal services.  What services and amenities are provided does not match modern market 
expectations of planned or gated developments.   

 
The undeveloped units are not yet served by central sewer, thus requiring dependence 

on septic tanks until residential density reaches 33% within a unit, at which point planning for 
central sewer services will be initiated.  Despite the challenges facing Port LaBelle, the area 
also has some real opportunities. 
 

Increasingly stringent planning, water and environmental pressures are limiting DCA 
approvals of new developments in the region.  As a pre-existing community, Port LaBelle 
does not face the same barriers to market entry.  Therefore, its relatively low cost of land and 
development will continue to promote growth in Port LaBelle.  
 

State Road 80 is the southern most coast-to-coast highway along which development is 
possible.  Development cannot occur alongside Hwy 41 (Tamiami Trail) or I-75 (Alligator 
Alley) between the two coastal zones. Thus, State Road 80 will attract populations expanding 
to the interior from both coasts.  The planned improvements to this highway will increase its 
attraction as a growth corridor.  Residents of Port LaBelle can drive to downtown Fort Myers 
in less than an hour and to Miami in about two hours. Tampa and Orlando can also be reached 
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in reasonable travel times. The University of Florida 2060 report identifies the State Road 80 
corridor as a focal point for growth (Zwick, 2006). 

 
Units 1-9 in the Hendry County portion of Port LaBelle offer excellent access to 

schools: an elementary school is in Unit 1, a middle school in Unit 9, and a high school (with 
college extension campus) in Unit 4. This access to local schools will continue to attract 
families to Port LaBelle. 

 
Population Forecasting Methods 

 
Hendry County is experiencing rapid growth. The county population has grown from 

5237 in 1940 to 36,210 in 2000 as shown in Figure 7. This is seven-fold increase over a 60-
year period. Port LaBelle has followed a similar trend. 

 
  

 
Figure 7.  Population growth in Hendry County (U.S. Census Bureau). 

           
 
 
      Portions of Port LaBelle are located in Glades County, which the University of Florida 
predicts will have the highest increase in urban area of any Florida county, 14.9%. Hendry 
County is predicted to be 4th in the state at 5.1% (Zwick, 2006). 
    

The accuracy of a population model forecast is essential prerequisite for effective 
planning. An underestimation increases the likelihood that planners will not meet the future 
need for infrastructure. Insufficient infrastructure planning creates a situation in which it 
becomes more expensive to catch up on road building, utilities and the entire portfolio of 
public services required to support a community. An over-estimation also needs to be 
avoided. It could result in wasted money for an under utilized infrastructure. 

 
Typical linear and polynomial extrapolation methods do not generally provide an 

accurate forecast. Alternative methods have proved useful in population forecasting. Several 
of the common population forecasting models were reviewed and the most suitable among 
these was chosen for the Port LaBelle study.   The models evaluated include: 
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1. Cohort component model 
2. Extrapolation model 
3. Exponential model       
4. Logistic model 

 

Cohort Component Model 
 

The cohort component model divides a population into age and gender groups called 
cohorts. The model uses mortality and birth rates for each separate cohort to predict future 
population. It can be used in a relatively straightforward manner for a population in which 
immigration is not a major factor. However, its application to situations where immigration is 
a significant factor requires special attention to estimating net immigration rates by cohort. 
The Florida population counted in the 2000 U.S. Census fell outside of the high forecast 
predicted by the cohort model applied in 1985.  Accordingly, because immigrants represent a 
major portion of the Port LaBelle population (33%) the cohort model would not be accurate 
for this community. 
  . 

Extrapolation Model 
 

The extrapolation model corresponds to a simple linear or polynomial regression 
analysis. There are two major problems with these models precluding their effective use. First 
is the underestimation of the population in the early stages of growth. Second is the model’s 
inability to provide any indication of the build-out potential. 

 

 Exponential Model 
 
           The exponential model is not accurate over the long term because it supposes constant 
growth rates over time. This model will exaggerate population increases farther in the future. 
 

Logistic Model 
 

The logistic model has shown its accuracy in many studies, especially in biology. It 
exhibits a high rate of growth in the early stages and a decreasing rate upon approaching the 
build-out limit. This model is expected to be the more suitable for Port LaBelle population 
forecasting. Details about the logistic function are provided in the appendix. 
 
 

Logistic Model Forecasting Reliability 
 

The Bureau of Economic and Business Research (BEBR) forecast in 1982 that the 
population for Lee County in the year 1990 would be 295,000 people. The actual count in 
1990 was 335,113 people, a 12% underestimation.  BEBR also underestimated the growth of 
Charlotte County by 26%, forecasting a population of 87,800 for 1990 compared to the actual 
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110,975. The official population forecasts for fast growing areas of Florida have consistently 
underestimated growth. 
 

Growth underestimation represents a problem because of the high cost of catching up 
from delays in building the necessary public infrastructure, especially when considering the 
replacement of undersized facilities before their useful life expires. Because of this many 
counties have developed their own traditional extrapolation model. Results have been higher 
than BEBR forecasts, but still below actual growth.  
 

The accuracy of the logistic model can be evaluated by comparison to the population 
growth records of three Florida cities: St. Petersburg, Tampa and Miami. Obviously, the area 
and the build-out potentials of these cities are very different from Port LaBelle. This 
distinction does not represents a significant problem because, despite the differences, growth 
characteristics will be similar if the population and land area ratios are taken into account. 

 
       

 
Figure 8.  The growth records of three Florida cities (Citywide Assessment for Cape Coral). 

 
 

Figure 8 shows the populations growth of St. Petersburg and Miami following 
sigmoidal curves. Figure 9 shows the logistic function approaching the maximum Miami 
population level. For Tampa, the same logistic model can be applied, but anomalies are 
apparent. These are perhaps due to a large annexation. 

 
 It is important to note that the validity of the logistic model is dependant on a static 

growth paradigm. Any annexation of land or fundamental change in zoning (population 
densities or urban renewal/transformation) will require major modifications to the growth 
model. Other dramatic events, such as rapid increases in homeowners insurance rates, 
economic down turns, or changes in water availability could also alter the growth paradigm.  
 



Population Growth and Water Demand Model for Port LaBelle, Florida 

 15

 

 
 

Figure 9.  The growth of population in Miami (Van Buskirk, 2004). 
 
 

The sigmoidal population curve applied to the south Florida context incorporates the 
effects of many typical Florida growth characteristics over time (Van Buskirk, 2004). 

  
1. In the early stages of development, the majority of the population are retirees 

with small household size. 
2. A service population arrives to provide retail, financial, and medical services. 
3. The population begins to become more diverse in age and incomes and 

household sizes begin to increase. 
4. More service population moves in along with the construction industry. 
5. The demand for public services continues to increase and the household size 

increases. 
 

The logistic growth model was used to forecast future population for the City of Palm 
Bay in 1982 using 1980 data. Palm Bay is a large-scale platted community on the east coast. 
The model predicted in 1980 that the 2000 population would be 82,331. The U.S. Census for 
2000 determined the population to be 79,413. This constitutes a 3.5% deviation over 20 years 
period - very good results. Using 1990 data, the logistic model applied to Lehigh Acres 
forecasted a population of 33,098 for the year 2000. The 2000 U.S. Census recorded a 
population of 33,430 in this pre-platted community - again, excellent results.  
 

Three examples of pre-platted communities are shown in Figures 10-12: Cape Coral, 
Port St. Lucie and Lehigh Acres. The population data begin with their early development in 
the 1960’s, continuing to their more recent populations in 2000. The City of Cape Coral has 
an estimated build-out population of 413,000 people with an estimated population in 2004 of 
126,000. Figure 10 shows the growth curve of Cape Coral from 1960 to 2000 following the 
sigmoid curve very well. The city is in its middle stage of growth.  However, even a sigmoidal 
model constructed in 2001 did not fully predict the rapid growth of Cape Coral, which in 2006 
has a population of 151,000 as shown by the green data point in Figure 10. 
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Figure 10.  Population forecast for Cape Coral (Van Buskirk, 2004) with 2006 data added. 
 

Lehigh Acres and Cape Coral are two of the largest pre-platted communities in the 
nation. Both are located in Lee County (Port LaBelle is in Hendry County). Lehigh Acres 
includes approximately 96 square miles land, Cape Coral covers 114 square miles and Port 
LaBelle is about 15 square miles. Today, Lehigh Acres has a population of about 40,000, 
Cape Coral has a population of over 151,000 and Port LaBelle has a population of almost 
5000.   
                                  

The City of Port St. Lucie is another large-scale platted community undergoing 
extraordinary growth. Its population has increased from 330 people in 1970 to 88,769 people 
in 2000. The evolution of its population from 1960 to 2000 also follows a sigmoid curve, as 
shown in Figure 11.  As with Cape Coral, even a sigmoidal projection performed in 2001 
neglected to fully anticipate the rapid growth of this city, as shown by the 2006 data point in 
Figure 11.  In 2005-2006, Port St. Lucie was the 3rd fastest growing city in the United States.  
The current population is near 150,000 and the build-out is estimated at 250,000 people. 
 

 
 

Figure 11.  Population forecast for Port St. Lucie (Van Buskirk, 2004) with 2006 data added. 
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Lehigh Acres population was 4,394 in 1970, 33,430 in 2000, and 42,000 in 2006.  The 
build-out population is estimated at 303,451. Figure 12 shows that Lehigh Acres population is 
in the early stages of a logistic trend with the 2001 model forecasting the 2006 population 
with good accuracy.  

 
 

Figure 12.  Population forecast for Lehigh Acres (Van Buskirk, 2004) with 2006 data added. 
 
 

As shown for Tampa, St. Petersburg and Miami, population in south Florida generally 
follows a sigmoid curve generated by the logistic function. This model also describes the 
growth of pre-platted communities quite well. Thus, it is appropriate to apply the logistic 
model to the case of forecasting population growth for Port LaBelle. 
                                                                  
 

Port LaBelle Population Model 
 

Data Collection  
 

A historical population data set was developed for Port LaBelle by using knowledge of 
the number of occupied houses combined with U.S. Census Bureau data for the average 
number of persons residing in each home. Multiplying the number of homes by the average 
occupancy yields a population estimate.  

 
For purposes of this model, it will be assumed that that the household size is constant 

through time. The validity of this assumption will depend on the nature of Port LaBelle 
historical demographics. For example, if a large percentage of the initial population were 
retirees then the early-years average household size have been nearer to two persons per 
home, but if there was a large percentage of younger immigrant families then the average 
household size would have been higher. 
 

As shown in Figure 13, Port LaBelle has an average household size between 2.87 and 
4.12. For model implementation it is assumed that the mean household size is 3.04, the upper 
limit of the most developed units in Port LaBelle.  Other Census Bureau data suggest a mean 
household size slightly higher at 3.14 in Port LaBelle. 

 
Two methods were used to determine the number of occupied homes in Port LaBelle: 
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1. Connections - PLUS annual records of the number of homes and other 
buildings connected to the utility’s potable water supply system. 
 

2. Billings - the County Clerk’s computer records of water service bills sent to 
PLUS customers.   

 
 

 
 

Figure 13.  Household size census map (U.S. Census Bureau). 
   
 
 The connection records were provided directly by the PLUS administrative office. The 
billings record was assembled using the PLUS customer database provided by the IT 
department of the Hendry County Clerk of Courts. These records document the date for each 
monthly bill from the time of initiation of the account at each address (lot location) as shown 
in Figure 14. 
   

The date of the first use of the connection for each customer is extracted from the 
billings database. Assembling this information for each lot and summarizing by year yields a 
table corresponding to the number of new connections each year, as shown in Table 1. 
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Figure 14.  Example of the billing database, showing 1982 as the connection date for 4006 E. Palomar Cir. 

     
 

Table 1.  The number of home water connections by year. 
 

Year Connections Billings 
1972 0 0
1973 9 0
1974 18 0
1975 38 0
1976 54 1
1977 72 6
1978 160 16
1979 240 73
1980 250 121
1981 527 269
1982 616 326
1983 647 347
1984 670 372
1985 696 376
1986 712 389
1987 753 438
1988 778 476
1989 792 509
1990 792 531
1991 793 553
1992 795 579
1993 812 609
1994 853 672
1995 860 706
1996 868 736
1997 876 850
1998 1025 1005
1999 1061 1009
2000 1067 1019
2001 1083 1030
2002 1097 1056
2003 1124 1080
2004 1177 1138
2005 1283 1280
2006 1497 1450
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The billing information was compared to the number of connections reported by PLUS 
as shown in Figure 15. The two datasets follow a similar trend, but significant differences 
remain for some periods. These differences may be explained in part by the fact that some 
houses were built but not sold immediately. PLUS provides houses with a water connection 
before a certificate of occupancy can be issued allowing the house sold for a family to set up 
residence. For modeling proposes the billings data will be used, since it better reflects the 
population growth rather then simply reflecting home construction. 
       
 

 
Figure 15.  Comparison between two sources of total customers data. 

 

Model Construction 
   
 The total number of platted lots fixes the build-out potential, which is set at 15,000 
residences for Port LaBelle. This number was determined by taking the current total number 
of Port LaBelle lots in Hendry (11,645) and Glades county (1,388) then adding 2000 more 
potential connections to reflect new single- and multi-family developments already requested 
and others likely in the future. Should PLUS add territory to its service area then the build-out 
number would need to be adjusted upward.  
             
  A logistic model of Port LaBelle growth was constructed using two primary pieces of 
information: (1) historical growth data from 1976 to 2006 and (2) a fixed build-out potential 
of 15,000 residential units. Details of the logistic function are in the appendix. 
    

As shown in Figure 16, the number of PLUS connections places it in the early portion 
of a sigmoid curve. Application of the logistic model yields results that closely match the 
historical data.  The standard application of the logistic model will be called the “Open 
Model.”  No assumption about the timing of the build-out is included in the Open Model. The 
95% confidence intervals are given in the appendix to show the reliabity of the estimated 
parameters. The Open Model gives an assessment of the build-out date at around 2100. 
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Figure 16.  The Open Model projections. 
 
 

As previously demonstrated, almost all forecasts made for south Florida counties 
underestimated growth. Therefore, a second model was constructed in which we use the upper 
limit of the Open Model 95% confidence interval. This corresponds to a midpoint ‘tm’ around 
2033 (tm is the year in which the number of houses reach 50% of build-out) and ∆t of 54.8 (∆t 
is the duration required to progress from 10% to 90% of build-out). The 95% confidence 
interval model is referred to as the 2080 Model since the model predicts that the build-out will 
be approached in the year 2080. Thus, the 2080 Model is simply the high estimate of the 
logistic model applied to Port LaBelle data. Results for the 2080 Model are given in Figure 
17. 

 
 

 
Figure 17.  Comparison of the 2080 build-out model and the open build-out model. 
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The validity of the 2080 build-out date will be influenced by county and state 
decisions approving or denying additional developments that might compete for the available 
new residents.  Also affecting the validity of the 2080 build-out date will be the degree to 
which services and amenities are provided to Port LaBelle. This will affect attractiveness of 
Port LaBelle lots as home sites.   

 

Water Connections Forecast 
 

Table 2 shows housing and population forecasts in ten-year increments until 2100.  
Table 3 reports model results from 2007 to 2020 in one-year increments. The forecasts are 
based on the logistic model and assuming a household occupancy of 3.04. 
 

Table 2.  The forecast number of connections and population at ten-year intervals. 
     

2080 Model Open Model Year 
Houses Population Houses Population 

1970 0 0 0 0 
1980 121 368 121 368 
1990 531 1,614 531 1,614 
2000 1,019 3,098 1,019 3,098 
2010 2,048 6,226 1,816 5,520 
2020 3,910 11,887 3,215 9,774 
2030 6,602 20,071 5,263 15,999 
2040 9,551 29,036 7,756 23,579 
2050 11,944 36,311 10,194 30,990 
2060 13,456 40,907 12,117 36,835 
2070 14,266 43,368 13,391 40,710 
2080 14,662 44,571 14,143 42,993 
2090 14,846 45,133 14,555 44,246 
2100 14,931 45,389 14,772 44,906 

                   
       
            Table 3.  The forecast number of connections and population at one-year intervals. 
 

2080 Model Open Model Year 
Houses Population Houses Population 

2007 1,659 5,042 1,513 4,599 
2008 1,781 5,413 1,609 4,890 
2009 1,910 5,807 1,709 5,197 
2010 2,048 6,226 1,816 5,520 
2011 2,194 6,670 1,928 5,860 
2012 2,348 7,139 2,045 6,218 
2013 2,512 7,636 2,169 6,594 
2014 2,684 8,159 2,299 6,990 
2015 2,865 8,710 2,435 7,404 
2016 3,056 9,289 2,578 7,838 
2017 3,255 9,897 2,727 8,291 
2018 3,465 10,532 2,883 8,765 
2019 3,683 11,196 3,046 9,259 
2020 3,910 11,887 3,215 9,774 
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The Open Model represents a good growth forecast, but it can be adjusted to reflect 
actual statistical uncertainty to create the 2080 Model, a model that would help avoid the 
traditional underestimation of the forecasts. The 2080 Model also helps take into account the 
prevailing trend towards limiting the creation of new, alternative locations for people to build 
houses. This trend has already become apparent in DCA and SFWMD responses to recent 
applications for changes to the Hendry County Comprehensive Land Use Plan in Northwest 
Hendry. 

 
The Open Model gives very good projections for the number of water connections in 

2007, but the 2080 Model overestimates this value. Nevertheless, the 2080 Model should be 
used in forecasting water demands to avoid a supply shortfall. Furthermore, some periods of 
rapid growth may not be fully predicted by the Open Model.  

 

Water Demand Forecast 
 

Growth in water demand (million gallons per year) were calculated using a 92 gallons 
per day per person level of service (LOS) and a household occupancy of 3.04 persons. Results 
are shown in Table 4. 
     

 
Table 4.  Logistic model forecast of water demand. 

    
Water Demand, in million gallons 

2080 Model Open Model Year  
per day per year per day per year 

2007 0.46 169 0.42 154 
2008 0.50 182 0.45 164 
2009 0.53 195 0.48 174 
2010 0.57 209 0.51 185 
2011 0.61 224 0.54 197 
2012 0.66 240 0.57 209 
2013 0.70 256 0.61 221 
2014 0.75 274 0.64 235 
2015 0.80 292 0.68 249 
2016 0.85 312 0.72 263 
2017 0.91 332 0.76 278 
2018 0.97 354 0.81 294 
2019 1.03 376 0.85 311 
2020 1.09 399 0.90 328 
2030 1.85 674 1.47 537 
2040 2.67 975 2.17 792 
2050 3.34 1,219 2.85 1,041 
2060 3.76 1,374 3.39 1,237 
2070 3.99 1,456 3.75 1,367 
2080 4.10 1,497 3.96 1,444 
2090 4.15 1,516 4.07 1,486 
2100 4.18 1,524 4.13 1,508 
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Database Improvement Project 
      

Future improvements to the website www.HendryUtilities.com will incorporate these 
new statistical tools. A simplified algorithm will be created to provide the capability for an 
online dynamic population growth model. It will use continuously-added connections data and 
automatically generate an updated population end water demand growth model.  
 

The database and software will provide separate models for each of the 16 Port 
LaBelle units. Each unit’s need for infrastructure improvements, such as sewer lines, can be 
forecasted and prioritized using this new database tool.  
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Appendix: Logistic Model 

 

The Logistic Function 
 

Malthus (1789) wrotes “A human population left to itself, will increase in geometric 
progression.” In such a case the population will follow the formula: 

     

                                       )(tP
dt
dP β=                                                                           [1] 

 
P : Population 
β : Growth rate constant 

 
Verhulst (1804-1849) added an extra term to Equation 1 to represent the increasing 

resistance to further growth: 
 

                                                  ))(()(* tPtP
dt
dP Φ−= β                                                        [2]                         

     
Different forms of the function Φ are possible. The logistic model appears when Φ 

becomes a simple quadratic, in which case Equation 2 beomes: 
 

     { })(max)( tPPtP
dt
dP −= β                                                          [3]  

                                                  
Pmax: Upper limit of the population 

 
    The growth is now proportional to both: (a) the population, P(t), which has already 
been attained through census data, and (b) the maximum population, Pmax, minus the current 
population P(t). Substituting W(t) for P(t)/Pmax, yields: 
 

                                               
{ })(1)( tWtW

dt
dW −= β

                                                           [4]            

The solution of this differential equation, which Verhulst named the logistic function, 
is:   

 

                                    
)exp(1

)exp()(
t
ttW
βα

βα
++

+=                                                           [5]             

                  
 

Therefore, the population model becomes: 
 

                                                 P(t) = Pmax 
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βα
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Data Analysis 
 

The parameters α and β need to be defined to attain a model that is accurate for a 
specific case and dataset. Historical data will be used to estimate the parameters. The least 
square method cannot be used to generate these estimates because the errors are not normally 
distributed nor is the variance constant. The method appropriate for generating estimates for α 
and β is based on the maximum likelihood principle. This method requires a computer 
program that can adjust the estimates using an iterative method starting with initial values and 
continuing until a set of parameters is achieved that maximize the apparent probability. 
 

LogLet Lab  
 

LogLet Lab version 1.1.4 can be used for the logistic model regression. This free 
software, available under GPL License, was developed by Rockefeller University. More 
information is available at: http://phe.rockefeller.edu/LogletLab.  Formula 7 is used to create 
the logistic model using the data inputs specific to this software:  
                                                                                                                          
 
 
                                                                                                                      [7] 

 
 

 
N(t) = Population on a given date 
K = Pmax (15,000 in our case) 
t = Date 

   tm = Date of 50% build-out 
∆t = / α 

  
 

The parameter ∆t is more useful for the analysis than is α. ∆t is the characteristic 
duration; it represents the time required for the model trajectory to progress from 10% to 90% 
build-out.  Application of the LogLet Lab software yields the parameters estimates shown in 
Table 5. 

 
Table 5.  Parameter estimates for the logistic model. 

 

Parameter Maximum Likelihood 
Estimates for Open Model 

tm 2039 

∆t 64.28 

 
 
 The software yields only parameter estimates and a graph of population growth. 
Producing a population estimate for any specific year requires implementation of Equation 7 
in a spreadsheet.  Using the Bootstrap Method with 1000 iterations, the confidence intervals 
tm and ∆t are calculated by Loglet Lab as shown in Table 6 along with the 2080 Model 
parameters. 

http://phe.rockefeller.edu/LogletLab
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Table 6.  The 95% confidence intervals for logistic model parameter estimates. 
 

Maximum Likelihood Estimates, 95% C.I. 
Parameter 

Open Model 2080 Model 

tm [ 2033, 2041 ] Fixed (2033) 

∆t [ 54.8 , 67.0 ] Fixed (54.8) 

 
 
Varying tm for the Open Model, yields the results shown in Figure 18, while effects of 

varying ∆t are shown in Figure 19. 
 
 

 
Figure 18.  Population forecast confidence interval generated by varying tm in the Open Model. 

 

 
Figure 19.  Population forecast confidence interval generated by varying ∆t for the Open Model. 
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2080 Model 
 
 The 2080 Model shown in Figure 20 represents a special case of the Open Model in 
which the 95% confidence interval estimates for tm and ∆t (Table 6) are selected.  This 
maximizes population estimates within the observed statistical uncertainty of the model as 
determined using the available historical data. 
  
          

 
 

Figure 20.  Solution for the 2080 Model (95% upper confidence limit of the Open Model). 
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