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Response by the Residential Sector
to Phase III Drought Restrictions of 2008
in Suburban Portions of Collier County

L. Donald Duke and Geoffrey C. Burgerhoff

Post-implementation assessment is cru-
cial to environmental programs. Agen-
cies that need to respond to repeated

challenges, such as drought conditions that
recur at some time in the future, can design
and implement more effective programs if
they know what kinds of responses have suc-
ceeded in the past. If responsible agencies
know to what extent their programs have

achieved their aims, which portions of their
programs were effective, and in what ways they
might have fallen short, they can improve fu-
ture efforts to achieve their goals.

This research assesses the effects of certain
programs implemented in Collier County that
were intended to reduce utility-served residen-
tial water usage during the declared drought of
2007-2008. The research uses utility billing in-
formation, collecting data from several samples
of residences designed to separate effects of dif-
ferent drought-reduction interventions and
from several time periods to capture responses
at different points during the declared drought.

Objectives

The objectives of this research were to: 1) de-
termine if any reduction in residential water usage
occurred in suburban northeast Collier County
during the period of Phase II and Phase III
drought restrictions; 2) determine whether en-
hanced interventions implemented by responsi-
ble agencies led to increased water conservation,
compared to the restrictions imposed on the en-
tire service area; and 3) determine whether this
utility-bill method is effective in this form of post-
implementation assessment for agency programs
designed to reduce water usage in the residential
sector under declared drought conditions.

Background

Florida Drought Planning and
the Collier County Water Department
Response to 2007-2008 Drought

The Collier County Water Department’s
response to the drought of 2007-2008 was gov-
erned by the Florida Department of Environ-
mental Protection’s guidelines for response to
drought. The state’s water management districts
are obliged to implement these guidelines and
to require certain actions by their permit hold-
ers, including municipal utilities. The Florida
Administrative Code, chapter 40E-21, includes
a water shortage plan that articulates four de-
grees of severity of drought: Phases I, II, III, and
IV. It includes requirements, some for residen-
tial use, shown in Table 1.

Table 1. Florida Administrative Code Chapter 40E-21, Water Shortage Plan:
Elements for residential usage.
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The focus on limiting lawn irrigation is ra-
tional given the large proportion of water use
in that area in a typical Florida household
(Morales and Heaney 2010), and given the ‘op-
tional’ nature of that kind of water use com-
pared to drinking, cooking, and sanitation uses
indoors. However, it is notoriously more diffi-
cult to influence the decisions of large numbers
of residential decision makers to attain a public
policy goal than to influence a smaller number
of entities, with more direct lines of influence,
such as corporations or public agencies.

Table 2 depicts monthly precipitation at
the Naples weather station (SRCC 2011),
which shows rainfall well below normal be-
ginning in January 2007. In April of that year,
the South Florida Water Management District
(SFWMD) declared drought, triggering Mod-
ified Phase II Severe Water Restrictions, which
were upgraded from the Modified Phase III
Water Shortage restrictions in effect from
Jan. 15, 2007, until April 17, 2008 (SFWMD
2007b). Phase III restrictions were rescinded
in response to one month of high precipita-
tion in April 2008, but Phase II continued in
effect until March 15, 2010.

Under the drought declaration, SFWMD
enacted the lawn watering restrictions and the
target usage conditions, and also required actions
from municipal agencies that held permits for
residential water supply. One of the actions re-
quired the permit holding agencies to implement
and enforce the district-specified landscape wa-
tering requirements. Another was to require
those agencies to design and implement addi-
tional measures for public and private users to
reduce usage by a collective target of 45 percent.

The Collier County Water Department
(CCWD), a municipal agency, supplies water
within the Collier County Water-Sewer District,

a portion of the
county which lies in-
side the SFWMD re-
gional jurisdiction.
The CCWD was
obliged to enforce the
SFWMD’s lawn-wa-
tering restrictions
and to take additional
actions to reduce res-
idential water usage.

One action it
chose was to impose
an additional fee on
residences using
more than 10,000
gallons of water each
month, shown on
their monthly state-
ment as “Water Re-
striction Surcharge.”
Another action was

to work with local news outlets to publicize the
drought restrictions, an activity that is difficult
to quantify but which appears to have had a
substantial effect, as described elsewhere
(Burgerhoff 2010). Both of these actions ap-
plied more or less equally to all water users
served by the CCWD.

The CCWD chose two further interven-
tions. First, the Department enforced the
SFWMD’s guidelines for lawn watering restric-
tions by issuing a fine to residences observed irri-
gating outside the allowed times, beginning at
$80, with larger fines imposed depending on the
severity of the violation.The violating households

were identified using a somewhat unstructured
system of phoned-in tips, observations by meter
readers on their regular rounds,and evidence vis-
ible to a small roving enforcement staff.

Second, the CCWD arranged for repre-
sentatives of the SFWMD to make specialized
drought-response briefings to the homeowners
associations (HOAs) of a number of housing
developments. The briefings described the dan-
gers of the low available water supply in local
aquifers and urged residents to consider it their
civic duty to conserve water. The CCWD pub-
licized the availability of the briefings and the
SFWMD conducted them at HOAs that asked
to receive them. Attendance at these meetings
was strictly voluntary among HOA residents.

The Phase III-declared drought lasted
only four months, from January to April of
2008. The city of Naples received 7.5 inches of
precipitation in April 2008—nearly four times
the normal amount. Water reserves remained
low, but the SFWMD declared an end to the
Phase III drought restrictions on April 17th.

The two enhanced interventions were
conducted in February and March, with April
being the first month in which their effects
would be noticed in the billed usage. However,
the unusually high rainfall during that billing
cycle led residents to sharply reduce their out-
door usage for lawn irrigation, so any effects
of the enhanced interventions on reduced ir-
rigation were not visible in the utility bills.
This research, therefore, is unable to distin-
guish any influences of the enhanced inter-
ventions from residents’ changes in their need
to irrigate because of greatly increased precip-

Table 2. Monthly precipitation, Naples FL, inches.
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itation.

Methods

The research used utility bills to measure
water usage directly for a large sample of resi-
dences in one part of the CCWD service area,
comparing usage “before” drought restrictions
with usage “after.” The “after” month coincided
with a sudden break in the drought, a high-
precipitation month in which lawn irrigation
would be expected to decrease sharply, in
order to evaluate the impact of that kind of
change in the need for utility-supplied water
for irrigation. The research focuses on a small
portion of the county where households are
dominated by single-family homes organized
into HOAs, and where the CCWD conducted
some enforcement and outreach activities in
support of residential lawn watering restric-
tions specified by the SFWMD.

This research is limited to one portion in
the northwest corner of the CCWD and is not
considered to be representative of Collier
County or of the CCWD service area as a
whole. Three ZIP codes were selected, where
residential characteristics are relatively uni-
form, in order to minimize potential con-
founding by factors such as age of homes, size
of lawns, and responsibility for landscape irri-
gation. The target ZIP codes also were selected
for their high proportions of single-family

housing developments subject to HOA restric-
tions. Target ZIP codes are shown in Figure 1.

Single-family residential use constitutes a
large portion of water usage in Florida. A study
of one unnamed South Florida utility estimated
that residential use comprised about 71 percent
of total utility demand, and outdoor usage by
the residential sector about 33 percent of total
utility demand (Morales and Heaney 2010).
Any plans to reduce usage during drought con-

ditions clearly need to consider the residential
sector, especially its domestic irrigation. Usage
by that sector is influenced by housing density
and design, landscape design and drainage, and
many institutional factors, including HOAs.

The state of Florida has experienced rapid
population growth in recent decades. The
counties of Southwest Florida have been
among the leaders in growth, as shown in

Table 3. Historic and projected population growth, portions of southwest Florida

Continued on page 20
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Table 3. Much of the growth has been in the
form of single-family homes with landscaping
and, particularly in recent years, grouped into
sizable housing developments, where a single
developer constructs homes on adjacent lots,
commonly encompassing between 20 and 400
homes—in some cases many more. Many of
these developments are organized from the
outset to be subject to regulations of an HOA.

The HOA is akin to a fourth level of gov-
ernment (along with federal, state, and local),
in that all homeowners within the develop-
ment are obliged to be members, to pay a re-
curring fee, and are subject to decisions about
collective actions and expenditures. There is
surprising variation in the HOA leaderships’
degree of authority, including the selection of

leaders and the nature of collective decisions
for which the leadership is responsible. In
most locations, structural decisions (land-
scaping, irrigation infrastructure, stormwater
management facilities) are completed by the
developer at the initiation of the development,
but ongoing maintenance and operation of
those facilities—most particularly, irrigation
decisions—are made by the HOA leadership.

Most developments include irrigation of
common areas by the central authority, and
increasing numbers include irrigation of pri-
vately-owned parcels by the HOA. The latter
are excluded from this research, since the res-
idents are insulated from landscape irrigation
decisions and do not see the consequences re-
flected on their water bills. Also excluded are
developments of multi-family housing such as

condominiums, and developments, primarily
older, where irrigation water is supplied by
wells and not purchased from the utility.

These exclusions are necessary to develop
a research sample where landscape irrigation is
at the behest of the individual homeowner and
where it accounts for something on the order of
the 33 percent of utility-supplied water that was
estimated (Morales and Heaney 2010). Never-
theless, it is not clear to what extent residents
within HOA-governed developments can be in-
fluenced by the kind of drought restrictions that
are currently and widely used in Florida. That is
one of the motivations of the research.

Sampling Scheme: Four Groups
of Residences; One Base Case,
Two Enhanced Interventions

Four samples of residences were selected
within the three target ZIP codes. Each of the
samples is intended to isolate, to the extent pos-
sible, the influence of one of the drought inter-
ventions implemented by the CCWD and the
SFWMD. One sample includes only residences
within developments where no fines were is-
sued for lawn watering violations, and where no
HOA outreaches were conducted; we term this
the “base case” sample. A second sample con-
sisted only of residences receiving fines, en-
compassing all 128 fined residences within the
targets. A third sample consisted of randomly-
selected residences within developments that
received HOA outreach presentations by
SFWMD personnel. The final sample consists
of residences of “nearby fined” locations
(homes in the same subdivision as other homes
that received fines) in order to test the possibil-
ity that neighbors of fined residents may tend
to reduce their own water use. Table 4 summa-
rizes the sampling scheme, which is also de-
scribed in more detail in Burgerhoff (2010).

“Very small users” are excluded from the
sample for one practical reason and one concep-
tual rationale. The practical reason is that
CCWD meters are an older type that are read
manually, and readings routinely are truncated
to the nearest 1,000 gallons per month. This sit-
uation is of no consequence for billing, since
truncated usage merely appears on the subse-
quent month’s bill, but for this research, as de-
scribed in Burgerhoff (2010), it produces a
substantial bias in computing month-to-month
percentage usage change.The conceptual reason
is that, for this part of Florida, many residents are
seasonal, leaving homes vacant for substantial
parts of the year. Residences reporting little or no
usage in a given month might well be vacant dur-
ing that month, and therefore the residents are
not making the kind of decisions about water use
that this research is intended to explore.

For these two reasons, residences with
usage of less than 2000 gal/month are omitted

Table 4. Sampling scheme: Subdivisions and residences
randomly selected within three targeted ZIPs.

Table 5. Mean Change in Water Usage in Sample Households.

Table 6. Change in water usage at base-case residences
compared to changes at residences subject to enhanced interventions.

Continued from page 19
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from the sample. The samples are sufficiently
large to accommodate the omissions, and there
is no reason to believe that households with ac-
tual low use (not a result of metering errors)
will behave differently from others, so long as
they are responsible for their own lawn irriga-
tion and their lawns are typically about the
same size. These exclusions explain why the
three before-after periods have different num-
bers of residences in their samples.

Sampling Scheme: Selected Times
for “Before” and “After” Conditions

Identifying changes in usage by this re-
search methodology depends crucially on the
choice of the time periods compared. For this

research, three before-after periods were se-
lected. All three span the Phase III period of
January through April 2008; two of the three
focus on the crucial month of April 2008, after
the enhanced interventions had been applied
and during the high-rainfall month when
lawn irrigation can be expected to decline.

Before-After Period 1 compares the final
month before Phase III restrictions, January
2008, with the first month in which Phase III
was no longer in effect—the high-rainfall
month of April 2008. This comparison might
be expected to capture the most immediate ef-
fect of any Phase III gains in water reduction,
but it introduces the problem of seasonality: in
addition to the substantial change in rainfall in
South Florida, population measurably declines

after the end of tourist season – about March
each year. With that annual season change, res-
idential water usage can be expected to decline.

The second before-after period attempts
to compensate for seasonal fluctuation by com-
paring April 2007 (a time when no drought re-
strictions were in effect) to April 2008. The third
period is a six-month total, comparing the pe-
riod from April to October 2007 (when Phase II
restrictions were in place) with the period from
April to October 2008 (also subject to Phase II
restrictions, but after the interventions of the
Phase III restrictions had been implemented
and rescinded). This final comparison serves to
even out any variability in residency, short-term
precipitation responses, and other factors that
could influence usage at a single-family resi-
dence. It is intended to capture any lasting gains
that the Phase III interventions might have
made in reducing consumption.

Results: Aggregate Data Analysis
Response to the changing weather con-

ditions was immediate and substantial. Table 5
summarizes a paired-differences t-test in which
we compute the usage change for each resi-
dence as usage in the “after” month minus
usage in “before” and test for significance of the
change. The April consumption declined sub-
stantially in all samples, by about 24 percent in
the base case sample of suburban residences
when compared both to January 2008 and to
April 2007. That calculation also demonstrates
little difference between April 2007 and Janu-
ary 2008, i.e., almost no change in consump-
tion from the month prior to drought
declaration in April 2007 to a time when Phase
II had been in place for about nine months.

Table 5 suggests that the households receiv-
ing enhanced interventions behaved differently
than the base case residences, but comparison of
the changes in the three enhanced-intervention
samples to the base case changes shows little sta-
tistically significant difference among the four, as
summarized in Table 6.

As a percentage, the difference between
the enhanced intervention and the base-case
was very small. The base case reduced con-
sumption by 23 percent, and households near
fined by 30 percent, so the difference was 7
percent of total usage—not trivial, but with
enough variation in the sample that in most
cases the difference in sample means was not
significant (in this case with 91 percent confi-
dence).

Results: Frequency Distribution Analysis
The differences in changing water use de-

pending on the time frames compared clearly
are evident in Figure 2. This figure shows the
frequency distribution of water usage change
among residences of the sample subject to base
case drought restrictions, i.e., the proportion
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of households that changed water usage by var-
ious proportions in their monthly utility bills.

Figure 2 shows that most residences re-
duced usage during the high-rainfall month of
April 2008, which was expected. It confirms
that lawn irrigation is a substantial proportion
of water usage among single-family house-
holds in South Florida by demonstrating con-
vincingly that “reducers” were a much higher
proportion than “increasers” for the two be-
fore-after periods, using April 2008 as the
“after” month. In these data it is not possible to
separate the influence of the Phase III restric-
tions, including the enhanced interventions,
from the influence of the much greater pre-
cipitation that occurred in April 2008, but data
further described below suggest that precipi-
tation change is the predominating factor.

The six-month usage before-after period,
plotted on these same axes for the base case
sample in Figure 2, does not show this same
pattern. Instead, it resembles a normal distri-
bution centered on zero, in that “increasers”
were roughly equal to “reducers,” and the pro-
portions by which usage declined in the water-
reducing residences are very nearly symmetrical
with the proportions by which usage increased
in water increasing residences. This point is dis-
cussed further with reference to Figure 5.

The different signatures of differing com-

parison dates are demonstrated even more
clearly when Figures 3, 4, and 5 are compared.
These figures each show frequency distribu-
tion for one of the three before-after periods,
each with the four different intervention sam-
ples shown on the same axis.

One striking observation is a remarkable
similarity among the four samples within each

of the three before-after periods. This suggests
little or no direct effect on consumption by the
enhanced interventions, since there is little dis-
cernible difference between residences experi-
encing the base case restrictions and those
residences directly subject to the enhanced in-
terventions.
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In both Figure 3 and Figure 4, a notable
minority of residences show increases in usage
even during the high restrictions, even though
the “after” period in both cases is the high-rain-
fall month of April 2008. For example, Figure 3
shows that in the base-case sample—house-
holds subject to restrictions, surcharges, and
the sustained public relations efforts of the
SFWMD and the CCWD—about 24 percent of
all customers increased their water use by 15
percent or more in April compared to January
of that same year, and about 12 percent in-
creased by more than 30 percent.

As seen in Figure 4, slightly more (about
27 percent) of those same customers increased
usage when compared to April of the previous
year, a low-rainfall month when drought had
not been declared and none of the surcharges,
lawn-watering restrictions, or public informa-
tion campaigns were in place. Similar or
greater proportions of the other samples in-
creased usage when compared to either of the
“before” periods.

Figure 5 shows that when the two six-
month periods are compared, about as many
users increased their usage as decreased. This is
not unexpected given that Phase II drought re-
strictions were in place during both periods;
the nearly normal distribution may simply
imply that users had already reduced their
consumption and any changes were influenced
by other factors than drought restrictions (res-
idency patterns, etc).

The comparison does demonstrate, how-
ever, that if there were any gains from the
Phase III restrictions and the enhanced inter-
ventions designed to increase awareness
among residents, those changes did not endure
for any period beyond the actual Phase III be-
cause a remarkably similar pattern appears
among all four samples: the base case sample

that serves as a control in this comparison and
the three samples designed to capture any
changes from the enhanced interventions. In
this case, we would argue that neither the di-
rect nor indirect influence of the enhanced in-
terventions produced any lasting changes in
usage by customers of this utility.

Discussion

The enhanced interventions of enforce-
ment and outreach did not lead conclusively
to quantifiable usage reduction among resi-
dential water users who were subject to them,
but likely were valuable components of the re-
gion-wide publicity campaign. As docu-
mented in Burgerhoff (2010), news stories
about the drought, accompanied by exhorta-
tions for residents to reduce usage, appeared
in much larger numbers on local broadcasts
and print media when the stories included
news about residents being subject to fines.

That public information campaign may
have been substantially more effective for all
residents of Collier County because of the fact
that a few residents were fined—regardless of
whether the fined residents changed their own
behavior in response. That indirect contribu-
tion to the entire region’s reduction in resi-
dential usage may outweigh any direct impact
on specific households that were subject to the
outreach and enforcement efforts. This re-
search was not able to quantify any such indi-
rect effect.

The approach of this research, based on
data from utility bills, proved to be effective in
documenting actual usage by a large-enough
sample to identify usage changes. By careful
sample selection, it should be able to distinguish
the effects of a variety of potential drought re-
duction programs and offer some evidence as
to which of those programs had the desired ef-

fect, and to what degree. It is by nature subject
to important limitations: sample selection
might not be sufficient to separate the effects of
various actions on the typical residential water
user, and it does not provide information on
how residents make their decisions or which ac-
tions most strongly influenced those decisions.
This form of analysis, however, is capable of
valuable post-implementation observations
that can be used to guide improvements in fu-
ture drought-response programs by utilities
purveying water to the residential sector.

This research focused on a portion of Col-
lier County where the HOA as an institution is
a powerful factor in residents’activities.An HOA
is in some ways a barrier standing between the
water utility and the homeowner as decision
maker in one important category of water usage:
landscape irrigation. Factors designed to influ-
ence homeowners in their water usage (pricing,
public information campaigns, information
about lawn response, and recovery during low
rainfall) may not have the same effect on HOA
leadership when balanced against other factors,
such as a desire to keep homeowners satisfied
with the condition of their grounds—especially
when some units are for sale, where appearances
can be critically important.

HOA decision makers are an important
resource for utilities that are seeking to reduce
consumption. In any utility service area, HOAs
are far fewer in number than residents, and
thus are easier to reach with outreach or en-
forcement. Public meetings to which many
HOA directors are invited, and where atten-
dance can be verified by the utility, can reach
decision makers for far more irrigated acres
than meetings to which homeowners are in-
vited but not obliged to attend.

HOAs as corporations likely are better at-
tuned to legal requirements such as irrigation
restrictions, and are protective of their public
images so would seek to avoid publicly-re-
ported fines for violating restrictions. Finally,
HOAs can be deputized as the entity verifying
that individual homeowners comply with wa-
tering restrictions, avoiding the need for water
utilities to field enforcement personnel.

Conclusions

In the target region of Collier County
characterized by suburban, single-family, HOA-
regulated residential developments, water usage
by residential customers declined measurably
during a high-rainfall month after a year of
drought restrictions. This strongly suggests that
outdoor irrigation is as substantial a portion of
usage at residences of this nature as it is among
residential users in other parts of Florida. It also
demonstrates that outdoor irrigation continues
to make up a substantial proportion of usage,
even during a declared drought period when
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residential customers have been subject to a
year or more of publicized restrictions, sur-
charges, and public service announcements.
This was true even after a few months of en-
hanced interventions, including targeted infor-
mational outreach, enforcement fines, and
related intensified news coverage.

Results were inconclusive about any pos-
sible effect of the two enhanced interventions.
No statistically significant difference was de-
tected in usage reduction between residences
subject to base case drought restrictions and
residences subject to the enhanced enforce-
ment or outreach activities. Neither homes di-
rectly subject to fines nor homes in housing
developments that received agency presenta-
tions measurably reduced water usage under
Phase II or during the high-rainfall month
that ended Phase III, compared to homes in
the same part of Collier County that were not
fined and did not receive outreach presenta-
tions.

Results are conclusive that, during a
month when high precipitation led many
households to reduce water usage, a substan-
tial proportion of households increased their
usage—some by a substantial amount.
Roughly one-fourth of the residences in all
four of the samples increased residential usage
during the wet month of April 2008, compared
both to the pre-drought month of April 2007
and the Phase II restriction month of January
2007. That was true of households subject only
to the broad-based restrictions, public infor-
mation, and rate surcharges, and also of
households subject to those actions as well as
to either of the two enhanced interventions
implemented by CCWD.

Comparison of two six-month periods of
usage, one at the beginning of the declared
drought and one a year later after Phase III re-

strictions had come and gone, showed very
nearly equal proportions of residences increas-
ing usage as opposed to decreasing usage. That
also was true of residences subject to base-case
restrictions as well as those subject to enhanced
interventions. Taken together, these findings
suggest that drought-reduction efforts did not
penetrate the residential sector fully and that
greater usage reduction could be attained if
more intensive publicity or other interventions
are applied during future droughts.
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