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CONTRIBUTIONS TO THE HYDROLOGY OF THE
UNITED STATES

HYDROLOGIC INTERPRETATIONS
BASED ON INFRARED IMAGERY OF
LONG ISLAND, NEW YORK

By Epwarp J. PruHowsKI

ABSTRACT

Six remote-sensing flights over Long Island’s north and south shores were
made during the period July 13, 1967, to February 25, 1970. Infrared imagery
in the 8 to 14-micrometer range was obtained; results varied from poor to
excellent in quality.

The ability of the RS 7 and Reconofax IV imagers to discern thermel con-
trasts of as little as 1° to 2°C (Celsius) permitted identification of areas of
heavy ground-water discharge. These areas were concentrated primarily along
the eroded headlands of the north shore and in the lower reaches of water-
courses draining into Great South Bay. Only a few highly localized examples
of direct ground-water discharge into the embayments along Long Island’s
south shore were detected in the imagery.

Thermal loading emanating from a powerplant near Oceanside is shown
to be quickly dissipated in Middle Bay. Specific examples show that infrared
imagery may also be used to identify circulation patterns, ice cover, changes
in stream-temperature regimen, and the location of sewer outfalls. Optimel time
for the collection of infrared imagery for hydrologic studies on Long Island
is in summer and in winter, when surface-water thermal differences ar> rela-
tively large.

INTRODUCTION

PURPOSE

The unique capability of infrared sensors to discern surface-
temperature variations synoptically over a large area provides the
hydrologist with a powerful tool. It allows him to identify numerous
hydrologic phenomena, such as circulation patterns in large bodies
of water, areas of ground-water discharge, dispersion of leoated
waters, and geologic features controlling ground-water and surface-
water movement.
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Long Island is particularly suited to remote-sensing techniques.
It is hydrologically independent of surrounding land masses in that
precipitation is its only natural source of fresh water. Almost every-
where, the large ground-water reservoir beneath its surface can be
tapped for dependable water supplies. Accordingly, Long Island’s
water managers are especially interested in the mechanisms of satu-
rated flow and in locating areas of ground-water discharge. One of
the purposes of this study is to identify areas of ground-water out-
flow into streams and into the brackish bays surrounding the island.

A second objective is to define the effects of man’s activities on
stream temperatures. Western Long Island is nearly completely ur-
banized, whereas central Long Island is undergoing urban develop-
ment in almost all sections. These drastic environmental changes have
altered stream discharges (Seaburn, 1969) and lowered ground-water
levels (Franke, 1968) in Nassau County. The temperature patterns
in a stream subjected to such sharp hydrologic disruptions are quickly
changed, usually to the detriment of the stream’s ecology (Pluhowski,
1970, p. D46). Thermal loading of the numerous brackish bays and
wetland areas surrounding the island will impose stresses on resident
biologic communities. The dynamics and areal extent of heated-water
plumes in the vicinity of powerplant outfalls can be identified using
remote-sensing techniques (Cory and Nauman, 1970).

COOPERATING AGENCIES

As indicated in the following table, the National Aeronautics and
Space Administration (NASA) was the principal agency supplying
flight capability and remote-sensing equipment for this study.

Cooperating agency Date of flight Quality of imagery
NASA July 13, 1967 Good to excellent.
USGS! Apr. 19, 1967 Fair to poor.
NASA Jan. 18,1968 Fair to good.
RADC? June 17, 1969 Good.

NASA Sept. 19, 1969 Poor.
NASA Feb. 25, 1970 Fair to good.

1U.S. Geological Survey.
2 Rome Air Development Center, Griffiss Air Force Base, Rome, N.Y.

Many factors affected the quality of the imagery; however, instru-
ment malfunctions and poor weather conditions were the major deter-
rents to good-quality imagery. Thermal infrared scanners. principally
the RS 7 and the Reconofax IV imagers, were used on all flights.
Flight altitudes ranged from 2,000 to 4,500 feet. The flight patterns
(fig. 1) were parallel to the north and south shorelines over areas of
heavy ground-water and surface-water outflow.
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FicurE 1.—Remote-sensing flight patterns over Long Island, N.Y.
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HYDROLOGIC SETTING

The unconsolidated deposits forming the ground-water reservoir
on Long Island rest on bedrock (fig. 2). The top of the bedrock, vhich
is at or near land surface in the northwest part of the island, dips
toward the southeast to a depth of about 2,000 feet in south-central
Suffolk County (Cohen and others, 1968, p. 18). The three principal
aquifers are: (1) upper glacial aquifer, (2) Magothy aquifer, and
(3) Lloyd aquifer. As shown in figure 2, ground water moves pre-
dominantly downward in areas of recharge in the north-central part
of the island ; movement is nearly parallel to land surface in the south-
central part and turns upward near the south shore. About 95 percent
of the total streamflow in southwestern Suffolk County is derived from
ground-water discharge (Pluhowski and Kantrowitz, 1964, p. 35).

The two principal landforms of the island include a backbone of
dissected rolling hills formed by terminal moraines and, abutting the
hills, a gently southward-sloping outwash plain (fig. 2). Eroded
headlands that have steep bluffs are common along the north chore.
Barrier beaches, which are depositional features, have formed beyond
the south shore of the “mainland” part of the island.
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Terminal moroine Outwash plain

Direction of ground-
water flow

View looking east from near Nassau-Suffalk County line
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F16URE 2—Schematic Dblock diagram of Long Island showing generalized
geology, ground-water flow pattern, and landforms.

A large part of the drainage on Long Island is provided by south-
ward-flowing watercourses. Most streams are short, generally less than
3 miles in length. Under natural conditions, streamflov’ is perennial
in all but the uppermost reaches of the streams. Virtually all water-
courses are classified as “gaining” streams; some reacl ~s receive as
much as 2.3 cfs (cubic feet per second) per 1,000 feet of channel
length from the ground-water reservoir (Pluhowski and Kantrowitz,
1964, p. 51). In contrast with south-shore streams, north-shore water-
courses are generally widely separated. The topographic divide is near
or, in some areas, along the crest of the eroded headlands facing Long
Island Sound. Accordingly, with the exception of the Nissequogue
River, most northward-flowing streams are poorly developed and are
relatively short.

In addition to providing a dependable source of frest water, Long
Island’s aquifer system yields water of nearly uniform temperature.
Ground-water temperatures tend to be cooler than surface-water
temperatures in summer and warmer in winter. Because the degree
of tonal contrast sensed by infrared imagers is directly related to
surface-temperature differences, maximum tonal contrasts between
areas of concentrated ground-water discharge and receiving surface-
water bodies are achieved in winter and summer. Accordingly, sharp
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tonal contrasts detected in thermal infrared imagery of stream< or
along shorelines may be indicative of zones of ground-water dischavge.

BASIC RADIATION THEORY

All matter having temperatures greater than absolute zero ewits
electromagnetic radiation due to the motion of various charged par-
ticles that make up atoms. The amount of energy emitted by a “black
body” can be computed from the Stephan-Boltzman radiation law:

W=oeT" (1)
where
W=rate of radiation emittance (calories per square centimeter
per minute);
o=Stephan-Boltzman constant; and
T=absolute temperature (degrees Kelvin).

Few, if any, materials in nature radiate energy as black bodies.
Equation 1 represents the maximum possible rate of energy that matter
can emit at a given temperature. The ratio of the actual energy radiated
to maximum possible is called emissivity. The emissivity of water 1s
independent of water temperature or dissolved solids and is estimated
tobe 0.97 (Anderson, 1954, . 97).

Electromagnetic energy is propagated as waves. The wavelength
of maximum emittance for a specified temperature is given by Wien’s
law:

AnT=0.2897 cm-°K (2)
where
A=wavelength of maximum emittance and
T=absolute temperature (°K).

The sun’s surface temperature is estimated to be 6,000°K, so that
solar energy is most intense at a wavelength of about 0.5 micrometers.
The wavelengths of maximum spectral emittance of all terrestrial
matter are much longer, commonly 10 to 12 micrometers, which is in
the thermal infrared range.

Part of the energy emanating from terrestrial sources is absorbed
by certain atmospheric constituents, notably water vapor and csrbon
dioxide. Water vapor absorbs most strongly at 2.5 to 3, 5 to 7, and
greater than 13.5 micrometers, whereas carbon dioxide ab-orbs
strongly at 4.3 and 14 to 15 micrometers. The atmosphere is virtually
transparent to terrestrial back radiation at 8 to 5 and 8 to 13 microm-
eters, the so-called “windows” in the atmosphere. The infrared
imagers used over Long Island detect radiation in the 8- to 13-
micrometer range.
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DISCUSSION OF IMAGERY
RELATION OF INFRARED IMAGERY TO SURFACE TEMPERATURE

The approximate location and areal extent of all imagery referred
to in this report are shown in figure 3. Considerakle distortion,
inherent in the scanning process, is evident in the upper and lower
parts of some of the figures. For any particular imager, the amount
of distortion is largely a function of the scan sweep and aircraft
altitude.

The imagery obtained near East Islip (fig. 4) helps to illustrate
the usefulness of infrared techniques for delineating surface-tempera-
ture variations. This imagery was obtained (as was all the imagery
shown in this report) during predawn hours to eliminate possible
extraneous effects of solar heating and reflectance. The flight was made
under clear skies on July 13, 1967. Dark tones indicate cold surfaces,
whereas light areas are relatively warm. For example, the waters
of Great South Bay in the foreground appear light and were
quite warm, about 25°C (Celsius). The prominent dark band across
the bay near the middle of the imagery is due to an instrument
malfunction.

Water temperatures were measured using a YSI telethermometer.
Land-surface temperatures were obtained with a Barnes PRT-5 radia-
tion thermometer. This instrument detects radiant energy emitted
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F1egURE 3.—Approximate location and areal extent of imagery sl own in report.














































