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WATER SHORTAGES, DEVELOPMENT, AND DROUGHT
IN ROCKLAND COUNTY, NEW YORK!

Bradfield Lyon, Nicholas Christie-Blick, and Yekaterina Gluzberg 2

ABSTRACT: Knowledge of the historical variability of regional cli-
mate is an essential element of successful water resource planning.
Lacking such perspective, planners and managers can be deceived
as to the severity of a recent climate extreme, such as drought, and
place a disproportionate blame on the climate, not the integrity of
the supply system should water restrictions become necessary to
avoid shortages. Presented here is a vivid example of how develop-
ment, a lack of adequate planning, and climate variability have
converged to produce three water emergencies in Rockland County,
New York, since 1995. An examination of climate data over the past
century indicates that the severity of the recent droughts was well

et al., 2000), although
historically it has been deemed applicable mainly in
semi-arid regions, such as the southwestern United
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a) Wet Conditions
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Abundant precipitation allows for water production
from all three of the main sources.

Meeting peak daily demand remains a concern,
especially during summer, a reflection of the limited
overall storage capacity of the system.

With limited storage and a small watershed much of
the water during wet periods flows out of the system.

b) Drought
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During periods of drought, even of relatively short
duration, reduced recharge can rapidly lower the

water levels in the Ramapo River and Lake DeForest.

Low flows can reduce water quality, also a factor
that can trigger a water emergency (use restrictions).

Agreements restrict max. withdrawal rates from Lake
DeForest and require a minimum discharge of water.

Bedrock Wells
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Figure 4. Schematic Overview of (a) the Main Features of Rockland County

's Water System During

Generally “Wet” Conditions, Including Percentage of Average Annual Production (in parentheses);
and (b) Some Important Constraints on the System During Drought.

from normal precipitation is considered for the six-
station average. Using this measure, drought onset is
defined as the first month that the running average
becomes negative; it terminates when the index
becomes positive. The magnitude of a drought is
defined as the sum of monthly precipitation depar-
tures between onset and termination, and only those
drought events lasting six months or more were
included in the analysis (since the droughts during
the recent water emergencies were observed to persist
for at least six months). This index, though simple,
has the advantage of being easily interpreted, and for
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the northeastern United States, its variations are

closely related to those of the Palmer Drought Severi-
ty Index (PDSI) that studies have shown is highly cor-
related with reservoir levels in southeastern New
York State, especially when water consumption data
are available (DeGaetano, 1999).

However, with only a few years of reservoir level
data available for Lake DeForest, long term associa-
tions between drought conditions (based on any
index) and water level could not be established in a
robust manner. Given the small size of the watershed
from which Rockland derives its water supply, it is
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Rockland County
Monthly Precipitation Departure From Average (1995-2002)
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Figure 5. Monthly Precipitation Departures From Average Measured at Lake DeForest (1950 to 1979 climate normals).
Black horizontal bars indicate the duration of the three recent Stage Il drought emergencies
(associated dates shown at the bottom of the figure). Data Source: Dr. Daniel Miller,
Rockland County Department of Health, January 2003, unpublished data.

TABLE 1. Locations of Precipitation Stations Used in the Drought Analysis.

Elevation

Name Latitude Longitude (m)
Charlotteburg Reservoir 41.04 °N 74.44°W 232
Port Jervis 41.39 °N 74.69°W 143
Central Park 40.79 °N 73.97°W 40
Yorktown Heights 41.27 °N 73.8°W 204
West Point 41.39 °N 73.97°W 98
Mohonk Lake 41.77 °N 74.16°W 380

conceivable that shorter term droughts (i.e., those not
necessarily well captured by a 12-month running
average) may also lead to disruptions in water supply.
Therefore, two additional drought measures were
employed that are able to capture droughts of shorter
duration. The first is the PDSI averaged over the
Hudson Valley climate division (which roughly
extends from Albany, New York, southward to Rock-
land County), and the second is the Standardized Pre-
cipitation Index (SPI) (McKee et al., 1995). The SPI is
in wide use and has been used for a number of appli-
cations. The SPI is based solely on precipitation and
provides a relative measure of accumulated precipita-
tion over a given period of interest, ranging from a
month to two years or more. Here, the six-station
average precipitation was used to compute the SPI for
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overlapping six-month periods from 1900 to 2002.
Negative values of the PDSI and SPI indices indicate
drier than normal conditions (positive, wetter), and
from a meteorological perspective, a PDSI (SPI) value
of -2.0 (-1.0) is generally considered a threshold value
for “moderate” drought conditions. For comparison
with the droughts that occurred during the recent
water emergencies, historical drought events were
required to have PDSI values below -2.0 for at least
one month and six-month SPI values of less than -1.0
for at least two consecutive months to be considered.
In a manner similar to that used for the 12-month
running average, the onset of a drought is indicated
when the PDSI and SPI indices first become negative,
and it terminates when these indices return to posi-
tive values. Accumulated precipitation deficits were
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also computed over the duration of individual drought

events identified using the PDSI and SPI. As a final

comparison, estimates of the PDSI based on tree-ring
data for the region (Cook and Krusic, 2004) have been
used in order to extend the historical data back 500
years.

Results

Figure 6 displays the magnitude and duration of all
droughts in the greater Rockland County region that
lasted six months or more based on the 12-month run-
ning average and the PDSI. The gray, filled circles on
the plots indicate the three droughts associated with
recent water emergencies. It is clearly seen that even
during 2001 to 2002, the most severe of the recent
droughts, the magnitude and duration of the event
were well within the bounds of past variability.
Indeed, the drought of the 1960s, the most severe of
the previous century, lasted roughly four times longer
than the 2001 to 2002 drought, with an associated
precipitation deficit more than four times larger (even
more for events based on the PDSI). The 1995 and
1999 droughts were well below the median values of
both magnitude and duration based on the 12-month
running average (the 10th percentile or less). Based
on the PDSI, the 1995 and 2001-2002 events had
magnitudes and durations slightly above median val-
ues, with the 1999 event well below the median for
both measures. In addition, an inspection of the full
103-year record also reveals (not shown) that follow-
ing the 1960s drought, there was a period of more
than 13 consecutive years when the PDSI dropped
below -2.0 (i.e., “moderate” drought level) during only
four nonconsecutive months. As will be shown in the
next section, the population of Rockland has roughly
doubled since the severe drought of the 1960s. Also
noteworthy in Figure 6 is the observation that the
severity of the 1981 drought was comparable to the
2002 event, yet it did not result in water emergencies
of the type experienced most recently in Rockland.

Drought events identified using the 6-month SPI
are summarized in Figure7a. In this plot the relative
rank of both magnitude and duration of the three
recent droughts are seen to increase somewhat com-
pared to those seen in Figure 6. On this time scale the
2001 to 2002 drought again stands out as the
strongest of recent events, though still remaining far
less severe than the drought of the 1960s. The charac-
teristics of the 1995 and 1999 drought episodes, how-
ever, do not depart significantly from the median
values (particularly in terms of magnitude), and it is
again noteworthy that the 1981 drought event was of
similar severity. Finally, the 1960s drought can itself
be viewed in historical perspective by considering

JAWRA

annual tree-ring data that have been calibrated to the
PDSI. As seen in Figure 7b, droughts of qualitatively
comparable severity or duration (and prior) to the
1960s event have occurred roughly eight times since
1500 and are spaced fairly uniformly in time. Thus,
while the precipitation deficits associated with the
drought of the 1960s appear as an outlier in these
analyses, the return of such drought conditions within
the next few decades would certainly not be unprece-
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Figure 6. Accumulated Deficit of Precipitation Versus Duration
for (a) 28 Drought Events Identified Using a 12-Month
Running Average of Monthly Precipitation Departures

From Average; and (b) 33 Drought Events Identified

by the PDSI for the Hudson Valley Climate Division.
The gray, filled circles indicate the three recent
droughts; the 1981 drought is indicated by solid

black symbols. The period of analysis is 1900 to 2002.

Based on these results, one is left to conclude that
although some individual months during the recent
three droughts were exceptionally dry, the accumulat-
ed precipitation deficits and overall duration of these
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drought events not only fell well within the bounds of
past climate variability, but by several measures were
far from exceptional. In addition, there has been a rel-
ative lack of drought since the 1960s, a period of rapid
development, population growth, and increased water
demand in Rockland. A formal mechanism for declar-
ing drought emergencies in the county was not pro-
mulgated until 1983 (inspired by the drought of 1981)
and was only put into effect starting with the drought
of 1995. With water supply capacity essentially static
over the past three decades, there is considerable evi-
dence to support the conclusion that the recent
drought emergencies in Rockland County were not
the result of drought alone but were associated with a
burgeoning demand for water.
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Figure 7. (a) Accumulated Deficit of Precipitation Versus
Duration for 32 Drought Events Identified Using the
Six-Month SPI; (b) Time Series of Estimated July
PDSI for the Past 500 Years (ending in 2003) Based
on Gridded Tree-Ring Data for Southeastern

New York (using the point 75.0 °W, 42.5°N).

The dashed line in (b) indicates July estimates;
the solid black line is a five-year running average.
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ROCKLAND 'S DEMOGRAPHICS

As seen in Figure 2, most of Rockland County 's
water demand is used to supply private residences.
In 2003, more than 72 percent of Rockland ’s popula-
tion lived in owner occupied housing, more than two-
thirds of which consist of single-family units (New
York State AFL-CIO, 2003). Rockland has the eighth
highest population density of the 62 counties in New
York State, which at 635 people per km 2 is more than
four times the state average, although nowhere near
the density of New York City 's five boroughs (10,235
per km2) (U.S. Census Bureau, 2003). The population
of Rockland has more than tripled since 1950, with an
average growth rate for the period 1930 to 2000 of
more than 27 percent per decade, peaking at greater
than 68 percent per decade in the 1970s (New York
State Data Center, 2000). During the 1990s, growth
slowed to around 8 percent per decade overall,
although the Town of Ramapo in the western part of
the county, where most housing already exists, contin-
ued to grow at twice that rate (New York State Data
Center, 2003). During the past half-century, water
supply infrastructure and home building have devel-
oped unevenly, with housing pulling ahead of water.
This decoupling has occurred in a political environ-
ment in which the county, state, and a private water
company oversee (most of) the water supply, while
development is largely under the control of local
towns and villages. Indeed, recent incorporation of vil-
lages within the county has been used as a primary
mechanism to either enhance or inhibit development
(Rockland County Planning Board, 2001). The overall
situation has allowed for a “blame the other side ” pos-
ture when water shortages emerge. While occasional
droughts have brought such mismatches to light over
the past 20 years (e.g., see Weisman, 1985), a general-
ly wetter than average climate has allowed them to be
largely ignored (see Figure 8).

AFFORDABLE HOUSING,
AFFORDABLE WATER

Coupled with an overall increase in residential
development is a growing need for affordable housing
in Rockland. The median cost of home ownership is
the third highest among all counties in the state, with
more than one-third of homeowners and 40 percent of
renters paying more than 30 percent of their income
for housing (U.S. Census Bureau, 2003). Over the past
decade, the increase in the median cost of owning or
renting a home has outpaced the increase in median
income for both groups of residents in the county
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