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RESULTS FROM THE WATIONAL AERONAUTICS AND
SPACE ADMINISTRATION REMCTE SENSING EXPERIMENTS
IN THE NEW YORK BIGHT -~ APRIL 1975

Jokn B. Hall, Jr. end Albin 0. Pearson

ABSTRACT
A cooperative cperation between the INational Aeronauties and Space
Administretion (WASA) and the National Oceanic and Atmospheric Administration

(NOAA) wes conducted in the New York Bight during April 7-17, 1975, to evel-

uate the role of NASA remote sensing technology to monitor ocean dumping. Six

NASA remote sensing experiments were flown on the C-54, U~2, and C-130 NASA_
aircraft, while NOAA cbtained concﬁrfent sea truth informetion using heli-
copters gnd surface platforms. The experiments includedAl) a Rsdiometer/
Scatterometé} (RADSCAT), 2) a.n. Ocean Color Scaﬁner (ocs), 2) a Multichennel
chgq Color Sensor (MOCS), L4) four Hasselbled caweras, %) an Ebert
spéctréméter, and 6) & Reconafax IV infrared scanner znd = Precision
Badiation Thermometer (PRT-5}. .

The purpose of this report is to present the results of these experimernts

relative to the use of remote sensors to detect, guentify, and determine

the dispersion of pollutants dumped into the NVew York Bight. Descriptions of -

the,experiments, experimental.methods, deta snaslyses techniques, &nd

significent resvlis for each experiment are given in separate sections of

the report.
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RESULTS FROM THE NATTONAL
AERONAUTICS AND SPACE ADMTHISTRATION
REMOTE SENSING EXPERTMENTS Ii
THE NEW YORK. BICHT — APRIL T-17, 1975
COMPTLED BY

John B. Hell Jr. snd Aibin 0. Pearson

EUMMARY

Bix remote sensing eyperlmento were conducted by the Natlonal Aeronautlcs_

and Space.Admlnlstrat1on (NASA) in eonjunction Wﬂth the National Oceanic and
Atmospheric Admlnlstratlon (NOAA) in the New York,Blght between April 1—17,
1975, to evaluate the role of WASA remote sensing technology to mon1t011ng
ocean dumping. Sixteen remote sensors were flown o3 the C—5h U-2, and C-130

TASA airceraft, Whlle NOAA ohtained ccncurrent in 31tu sea truth dctc using

heliccpters and surface platforms. The six primery sensor experiments

included (1) 2 Radiometer Scatberometer (RADSCAT), (2) an Ocean Color Scanmner

{ocs), (3) a Multichannel Ocean Color Sensor (MOCS), (4} four Hasselblad

cameras, (5) an Ebert spectrometer, (6) a Reconofax IV infrared scenner and a

- Precision Rediaticn Thermometer (PRT-5).

The purpose of this report is to present the results of these

experiments. Descriptions of the primery sensors,'experimeniSl methods, -

“and data cnalysis_ﬁcchniques slong with significant results for eech

_experiment, ‘are given in seperate sections of this report.-
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INTRODUCTION

The National Oceenic and Atmospheric Administration (NOAA)#* in 10Tk
initiated a T-year Marine Bcosystem Analysis (MESA) Program to obtain environ-
mental information in selected marine locations. The New York Bight is the

first site selected for inbensive study under 'L'.he.MESA program., The program

'is focused to provide information to bebter understand, utilize, and minimize

man's impact on the New York Bight. A wore efficient utilization of the

‘Bight resources reguires techniques for a rapid and accurate assessment of

the effects of man's activities on the Bight ecclogy. This requirement,
coupled with the dynamie naiuie of the marine environment;.eccents.the need’
for the synoptlc sps.tlel and tempor:.l advantages of remote sent'a.ng ‘ystems..
Accordlngly, &85 a cooperatlve effort in the MESA.progrem, NOA4 requested that

NASA evaluate the use of remote sensing technology tc define eirculation

features in the New York Bight and to apply this technology Tor monitoring

and mane.gipg ocean dmnping. The first step of thls cooperatlve effort was
accompllshed in the New York Blght during April 7—17, 1975. 'The ares
selected by NOAA for this ,]o:l.nt I\IOAMI\IASA evalua.tlon was pr:Lmar:Lly the grex
of the New York Bight as shown in flgure 1. The Mew York Blght extends from

Cape May, New Jersey, to Montauk Poin'b, New York, and seawerd tc the edge

- of the continental shelf (200 meter depth). The apex is hounded on the north

by Long Island, on the south by latitude ho"lo_'le ,.and on the east by longitude

meridien T3030'W. Presently, within the apex, sewage sludge is dumped at a

#Ihe eulhiors are grabeful to John W. Shermen and Jemes B. Zeitzeff of NOAA
for their guidance and coordinastion of WCAA activities in implementing this
effort.
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location about 18 km (9.7 nautical miles (n. mi.)) south of Long Island. Acid
vastes are dumped at a location about 10 km (5.4 n. mi.) southeast of the sewage
- slidge Gump site. Six remote sensing experiments wexre conducted by NASA

using 16 remote sensors flown onboard aircraft platforms to obtain sea surface

information relative to these dump sites. Concurrently NOAA obtained in situ:
"sea truth" informetion with & combination of helicopters end surface plat- S
forms. NASA operations associated with these experiments are given in '
reference 1,

 The purpose of this report is to present the results of the NASA remote
‘sensing experiments. . The following sections of this report.cont&in - . 3
descriptions of the remote sensors, experimentol methods, data analysis o

techniques, and pertinent experiment results.

ST Tl ST

oo N nde




Reference

1. Usry, J. W. and Hall, J. B., Jr.: HNebional Aercnautics and Space
Administration Operations ~ Remote Sensing Experiments in the New York
Bight, April 7-1T, 1975. NASA TMX-T72802, November 1975.
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~ Figure 1. - MESA Defined New York Bight and Apex.
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OCEA COLOR SCANNER (0CS)
by

Warran A. Hovis
SUMMARY

The NASA U-2 aircraft parﬁicipated in the MESA experiments in the New
York Bight during April 7--1T7, 1975. The OCS and four Mitchell~Vinten TO~mm
. ‘cameras were flovn onboard the NASA U-2 sircraft on April 9, 13, and 1k,
1975. The purpose of this report is to present the results of +this

investigation.
EXPERIVENT DESCRIPTION

The Ocean Color Scenner (fig, 1) weas Flown on the U-2 aireraft et en
sltitude of 19.8 xm (65,600 ft) and was supported by four TO-mu Mitchell-
Vinten cameres. The OCS is & 10-channel multispectral scammer ranging from
%33 to TT2 ﬁanometéf'(nm)ﬁcenter wavelength with e 90° total_écan.angle
and spgtiel resolution of 3.5 millirasdiems. Spectral bands and satufation_
'rédighce velues used in theée investigaﬁions aré shown in'téhlé 1. The
radiance for saturatioh_shown in téble_l is for a gain of one for each
chennel. Gain may be increased'éépafatél& fér eacﬁ channel in steps of 1;5,
2, and 3 tp allqw for changing Sup angle due to zeasonal changes or_time of
flight. Ail chanﬁels; éxcept 9., are optimized.fof ﬁatér sceﬁes, including
atmospheric.backscatter as seen from an altitude of 19;8 km. Channel 9 has

the same level of gain as the Landsat bend 6 thet covers TOO to 800 nm.

e et
RS ey

" b

=

[
et ade s

.




PR O

8
Four TO-mm Mitchell-Vinten cameras were flown with the 0CS to provide
high resolution photogrephy to aid in locebing the U-2 position. Three of
these cameras contained black and white film, and one contained color film.
A,photograph of this system is showm in figure 2. Specific cemera defails

pertinent to this experimént are shown in table 2.
DATA ACQUISITION

Flight lines for the U-2 are given in refeiencé 1. These lines wefe
established to allﬁw the airéraft to fly directly toward, or away from the
Sun, to avoid Sun glint in the scanner imagery. The morning flights were
in e general southeast to northwest direction while afternoon flights were
genefallj'southwest %o northeast. A siight'"fan" effect is seen due to
allowance ior Suh motion during the timé of easch flight sequence. The actusl
flight iines‘flown, flight alfitudes,'flight'liﬁe locations, and sensor

operation times are given in reference 1.
DATA ANALYSIS AND RESULTS

The flight'on April 9 was successful for U-2 oPeretiohs; Surface truth,
however, was not available due to lack of cbmmunication between the ship

and'hélicopter operations in the Bight, and the U-2 hase ht-HASA Wallops

v Flight Center. The U~2 decision to fly was tased upon the westher forecast

 available at Wellops.

The photographic end scanner data were both of excellent quality for.

this flight, The scanner data were processed to s pictoriél product. using

 two d;fferent enhancement. techniques and, despite:the lagk»of surface truth,

still show some interesting information as shown in figure 3. Figure 3 is &
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"conventionelly" enhariced imege. It wes made from an enhencement where & 3

direct current offset is applied to each of the channels used in making the
imaege to allow for aﬁmos;_:.heric'backscat‘t:er. The amount of offset is
wavelength dependent. The image in figure 3 w.is made from ‘the enhanced datsa

from channels %65, 582, snd 662 nm. The imege shows the New Jersey shore

pnd 1R B e e, e, b nre

o
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from Barnegat Inlet to just south of Sandy Hook Point and & portion of the

soubh shore of Long Tsland. A new acid dump is seen as a sharp "y, while

the older dumps are showm drifting to the west. The vestward drift is
characteristic of all imagery obtained of this area. In addition, +the older ' 3
dumps are shown as being diffused in a southerly direction. Also shown in 1

figure 3 is a square-shaped dump to the north of the acid waste dwnpé. This

fegture isg 8 sevage sludge dump that was observed in its early stages

during the morning overpess at epproximetely 1450 gfin.:t. The brightest part
of this _featuré, the north edge in the northwest corner, is the ini'i‘.i&l
dumping area. This iﬁdicé.tes that thé ciump :LS not uniform with time and that -
the concentration is higher in the initial dump arez or thaf. the sludge is

not mifomly mixed. It appears that the material dumped Ffirst is Lrighter
in the spectral regions éeﬁséd fhan thét dumped... later. The 'brigh‘ﬁ area along
the New Jersey shore is the Hudson River plume. .This is the __npm_al flow
pettern of the plume as seén‘ in d nunﬁ::er of iﬁages of tilis srea. The high
relative reflectiv:i._ty'_of the plpme indicates z high pg.r‘aicul‘a.te”loading w_‘nich
was confirmed by sea truth ﬁeasuremen'ts on -.A.pril 13. The plume a.péeaf_s

" rether featureless -in figure 3.  Further -en_l_wxice__xﬁent was performed by s_quarin_g,_
8ll of the radiance valués in the fii-st enhanced tape. The imagé that |
 results from this enhancement is shown in Tigure.X. In this image,

graedetions in the plume are mdre easily observed. &n apperent leyering on the
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ea.s'b edge in the plume is observed as 'bhe plume bendq after :Leav:Lng the
Hudson River. The Aprll 13 flight was performed in the morning. Cloud c'over
precluded an afternoon flight. The position of the helicopter sampling grid

was located on the scenner imege, and radiance levels gt most of the

_helicop‘ber stations were determined. _ The rad:.ance, in all channels, showed

a general 1ncrease mth increased sedment concen‘trat:.on.* Fz.gure 5 shows the

measured upwellmg rachance as measured by ’che scanner versus the log of the
megasured sediment concen‘cra:blon. There is no immediste explana.t:.on for the
four points at the high sediment levels that appear offset from the others.

In an attempt ,‘;to exfcra@t gualitative informetion from the radiometric dats,

the method of_:cha.rs.cteristic vector signatures was tried with the addition

of variation from mean radiance as an attempt to compensate for atmospheric

effects. Briefly, a mean overall radiance level is determined for the water

_in the scene, and the departure from the mean determined for each spectral

band.. As shown in _"i;he formuls in f.‘igureﬁ, the tqtal radiance consists of
the mean radiance, the a..tmo’spher_ic_ radiance, and a contribution due to

se_dimen'&. and chlorophyli; - The vector signature _cari be eitaer positive or

: pega:t,ive which 'denoﬁes either scattering brighter than the mean or absorption

derker than the mean.  The s,edirdent signature shown at the top of figure 6

is-positive et &1l wevelengths which indicates no specific abscrber; i.e., a

near .grey' color. The chlorophyll signature shows ‘that some chlorophyll

-absorption cen be detected in the plume even though chlorcphyll »i's'ba- minoy

- constituent. There is & reasonsble degree of correlation between the tetal

- *The suthor is grabteful to Denn:.s 5. Clark and Terry A. Nelson of NOAA for
'bhe use of thelr unpuhl:.shed sea truth 1nfoma:b10n.
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sediment end the chlorophyll concentration (fig. T). This is to be

expected since the plume is #irtualiy all pi‘ orgéﬁié origin. The chlgfoﬁhyll
content is measured in ug/% while ‘the éédiﬁén‘h c‘onten*b‘is measured, inr.’ mg/ L.
An attémp‘t was made to relate meé.sﬁied radiance to chlorophyil éonten'i; in the
plume with only modest success as shown in figure 8. This result is expected

when sea truth information shows that only a smell portion of the plume is

composed of chlorophyll. Chlorophyll has its specific sbsorption, while the
major components of fhe plume have spect.fal character, Correlation of the
calcu.‘_!.ated and measured sediment concentrations is given in figwre 9. Here
the agreemeﬁt is good and would give considersble confidence that a contour
map of toteal sediment could be made by applying the sediment vector
signature 4o the entire area of the plume. It is appzrent from the plume

analysis that it will be difficult to determine concentraticns of winoxr

constituents of z plume from radiometric date only. It may be possible,

however, to infer the minor constituent concentration if its quantitative
relation to the total sediment losd is known. ‘

The magnetic tape recorder failed during the April 1k flight. Failure
was due to demage sustained in a previous shipment from Wallops Flight Center

to the Ames Research Center. The photographic quelity was good, but could

not be used for quantitetive analysis. i
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TABLE 1.- OCEAN COLOR SCANNER.

Center

Wevelength .

(nm)

433
bl

509

54T

‘Bandwidth

(nm)

22,
21,
7.
2k,
25.

26.

20.

22.

5
0
>
0

0 .

.0

>
5

23.0

13

Radiance for
 Baturabtion

~ (Gain X 1)

‘_1:1'\a"/cm2
40,10
26.00
~23.60
k.70
' 11.80
10.00
7.55
'5.00
| 11.90
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TABLE 2.- MITCHELL-VINTEN CAMERAS . o o |
Lens  Film Shutter Spectral Spatial
; Focal : ‘ Speed, Filter Range F Resolution
T Cemera Length, - Format,. Number - see Nuntber . Nanometer . Stop m (ft)
k Number em{in.) “em(in) S ’
) - - _
: 1. kb3 5.72 X 5.56 Panatomic 1/250 Wreatiten S10-~-T0OC 9.6 9.1 to 15.2
g (1.75) 3 3 X, 340G . 12 ' - (30 to 50)
!E : (2. '11' Xe ‘i-6- :
) : L - » : _ L _ ‘
i 2 b4z 5.72 X 5.56 Panatomic 1/250 Schott GG = k75-575 5.6 9.1 to 15.2 -
: (1.75) 4. & X, 3h0o SR (30 to 56)
g e (eyXxegp Schott BG '
] . ' 18
Z 3 - L,k3 5,72 X 5.56  Penatomic  1/250  Schott 0G  580-68C. 5.6 9.1 to 15.2
B (1.75) " 3 X, 3k00 | 570 +. | (30 to 5C)
£ v _ (2 I X2 ‘i“é') Schott FC :
£\ 38
: oo kb3 5.72 X 5.58  Aerial 1/250 Hone Log-T7C0 3.5 9.1 to 15.2
: : (1.75) I 3 Celor {30 to 50)
P : : =X g = S0- :
. (2 %2 16) S0-2h2
!
|
i
i

it




N THE U-2

LOR SCANNER

AN C0

Lager.
-
oy
T
=
wd
=
o
—_—
—_—
o
Led
—_——
—

(OCE

§
g
b
R
)

715

oo

7
&

o

gt

B

OCEAN

-

RE 1

a0

F1

T TR I T T Y,

S

B v bt




T INE————E l.u}.l%h!—!.«

waWCGCCEFE< OF THE

Of3GTNAL PAGE I8 POOR

em.

- Mitchell - Vinten camera svs

?

[qure

E
{




X o s - e
o i oo A 0 SR s i i . azia sk e e, Ak S sadheicela e ket EA ah . s Lol
L = atih i3l e - i e " MR ATl o s ae s on Al B sail e a Ao L Sl o L e

HUOSON RIVER- LONG ISLAND

B ctwAGE SLUDGE DUMP

SANDY HOOK—"

& ALID DUNPS
NEW JERSEY—__

HUDSON RIVER
SEDIMENT PLUME

BN D~

(]
ACEA¥ COLOR SCAMHER ImAct
APRIL 81905
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Preliminéry Analysis of Ocean Color Spectra
' I“Iéasﬁ;:‘ed: With ax Ebert Spectrometer Dﬁring tlﬁé |
NASA/NOAA Spring 3;975»Ex.perinv1ent in the New York Bight

James L. Mueller
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PRELIMINARY ANALYSIS OF OCEAN COLOR SPECTRA _
MEASURED WITH AW EBERT SPECTROMETER DURING THE WASA/NOAA
© APRIL 1975 MESA EXPERIMENT IN THE NEW YORE BLGHT

by

JdJames L. Mueller
© - INTRODUCTION

During the April 1975 NASA/NOAA MESA experiment in the New York Bight,

. ocean ¢olor spectra were measured from a low flying sircraft. The short

duration of availgble samplingAflights precluded,statistically correlating
these ocean‘color spectra with simvltaneous ground truth observations.
Nevertheless, the ccean color spectra are suitzble for comparison, using
characteristic vector analysis, with earlier resultsl’2 znd for studying the
spectral signoture of the acid waste pollutant roubinely dumped in the New
York Bight Apex.

In radiometry, & "spectrm" is the distribution of radiant energy, or of
some optical property of the medium, as a function of wavelength. The ocean

color spectrum is defined as

s J = 1,2, « « vs 55, ' (1)

C
]
Zkaz

vhere - Nj' is the upwelled radiance from the sea in the jth 5 nanometer (mm)
wide wavelength band between 420 and 695 nm, and the normaelizastion factor W
is the average radiaﬁce,‘i.é.

55

=1/55 & Nj’.
J:

=

25
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~ The spectrum. U;] mist be numerically pareameterized before it can be
efficiently correla.ted with other measursble proper“bie's' of sea water. .
I'/.fuel.'l.erl’2 renevad. premously proposed parameterizations of ocean color

spectra3_6

and a,ppl:l.ed the method of characteristic vectors to the pro‘blem.
It wes shown for a sample oi‘ ocean color spectra mea.sured off Oregon, ‘bha.’c
bhe first four characteristic vechors of the sample covariance mabrix

yielded a highly accurate parameterization. To compare Mueller's earlier

- work with the MESA ocean color data, certein of those results must be recast

in terms of the spectrum Uj rather than in terms of reflectance
n, B
Rj = .—&1...._.
- W E
b

. where E 3 and E are the incident irradiance spectrum and its waveleagth

average. This chenge must 'be made because 'there. is nd consistent means of
es’cima:i;ing B 3 for the indepenc’lerit ocesn color samples thgt will 'b.e
examined. |

In the present report the characteristic vectors of Uj spectra from
the MESA experiment will be compared with similar results from two other
independent samples of ocean colox spectrs measured elsewhere. V'I'he pUrrose
of this comparison is to test the working hypothesis that ocean color spectre

mey be parsmeterized, globally, with a few standard, characteristic basis

vectors,

In addition, the spectral signature of the acid waste materisl routinely
dumped in the New York Bight will be examined, It will be demonstreted that
this materisl has & spectral signsture that is uniquely different from any

other ocean ceclor spectrum yet observed.
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CHARACTERISTIC VECTOR ANALYSIS OF COLOR SPECTRA

T to paremetrize ocean color spectra was

The use of characteristic wvectors
recentiy discussed by Muellerl’g. Mbrrisona gives & comprehensive discussicn
of the method within the general context of multivariste stabistical analysis.

A spectrum U

J

paremetbrized by its first K principal components

" the nth of a sample of N oceaa color spechra, is

25
Y, =% e {U. ~M);k=1,2,...,K&n=21,2,...,H, (2)
kn 5=1 k' Jjn J
where ekj is the kth characteristic vector of the saxple coverisnce metrix,

Mj is the sample mean spectrum, and the index j denotes une of 55 discrete

wavelength bands. The inverse approximation relating the spectrum an to
its first K principal ébmponents .Ykn. is

K - ,
U, =4, + Z ¥ e .3 J3=21,2,...,3&n=1,2, ..., N, (2)
R I

The characteristic vectcrs eyj

matrix such that elj is alined in the direction of maximum sample

dispersion (i.e. it accounts for the largest pussible proportion of semple

are extracted from the sample ccvariance

variance). Then, e is extracted in alinement with the largest remaining

a3

135 And each

succeeding unigue characteristic vector zccounts for & smaller percentage of

proportion of dispersion (semple variance) arthogenal to ¢
sample varience than any of its predecessors. The zccuracy with which &
spectrum an (j‘= 1,2, . . ., 55) is parametrized by ites first K principsl

components (k =1, . . ., K), therefore, is measured by the cumuletive

Ykn
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i percentage of sample variance sccounted for Ty the'first'K.cﬁaracteristic.

_vectors ekj' | | |
The Y percent significant degrees of freedom" in ocean color spectra of
-2 given sample will be defined as the independent scalar parameters which "

rebain a specified cumulative percent (Y} of total sample variance. TFor each

~ of the three samples considered here, there are five 99.pgrcent significant

degrees of freedom contained in § (overall brightness) and the first four

L et e i A R Y

~ principal components (Yl, ¥, Y3, Yh) {spectral shape parameters). .

Thus far characteristic vectorcs applied only within the context of a

single semple of otean cclor spectra have been discussed. HNew some elementary

B i

relaticnships between characteristic vectors of twe independent samples of

P T T T T T T T T DA

ocean colox spectra must be considered. For convenience, censiderstion will be
given only to samples with five 99 percent significaent desgrees of freedom.
The characheristic vectors determined from & ssiple - ¢ of ccean color

spectre are related to those determined from sample B By the eguation: L

w0

" o . ; s . : . ;
where EijB iz an error vectcr describing szn crthogoral discrepency . L
!
§
3

R T LA T

between the two vector systems, and

[

> B ¢4
IR TR )

The mean ocean color spectra of the twe samples sre related by the eQuations'

l" .
S B ¢ B (o _
. MJ + k-_El BRB i + Pig , (6)

e it A A o SEemm s -
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where pr is sn error vector similar to Ecitjs and

25 ' '
- B @ B -
Bg —._;jzl oy (My =My k=1, 2,3, b , .(7.):‘

It follows directly from equetions (2} and (4) through (7) thet the principal

components of an ocean color spectrum sre related, in the two characteristic

vector systems, by the equation

I : L : '
o o B o o o
YW= 3 c®* v+ 3z % B% o+ 8° o : (8)
I BB R g EBTRE S IR |

where 6?8 ere residual errors due k‘hbo. any unresolved crthogonelity between
the characteristic vectors of the two samples.

When the spectra U, of sample 0o are persmetrized with the sample B

J

- characteristic vectors, the cumulative proportion of total semple wveriasnce

retained by the cross-sample parametrization is given by

L L 2
- ) : ci

o
v
¢

S+ S . . . R .th
where v, is the proportion of sample variance associated with the i
prineipal component Yi, i.e., 8s debermined with its own o-sample
characteristic vectors.

' The method of cheracteristic vectors may also be extended to study the
£

sﬁectre,l signatures of épecific'pollutahts as contained in 2 spectrum of Uj' .

This is possible, however, only if color spectra of weter containing that

Pollli'bént vere no‘E included in the sanzplé used to derive the charecteristic
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- . vectors. Glven this circumstance, the c-sample principal components ,Yie 7 !
t

of U? are computed as: _ - S . : ’ J

4  except peossibly - in a relative sense, a pollutant-dominsted spectrum Ug is

' 55
9% = 5 & whoMM;i=1, 2,3, 4 (10) “ o
i 4 13 J _ . o
| 3=l P
Then, the residual spectral signature of the specific pollutant is computed b
’ L
as: j
i
14 | o K T o ;
: sj = J— [MJ+ I o ij]. (11) 3
_ i=1 :
I al 55 of 5.1/2
: e s8] =1 R (s 171 is significant relative to unity, then the pollutant
: J=1
: - may be detected in sea water solely oz the basis of its unique residual :
? og .
; spectral signeture. On the other hand, should |S| be negligibly small, then ]

i not uniquely distinguishable from "ordinary" oceen color spectra in sample o.

EXPERTMENTAL: RESULTS

Upwelled radiance spectra Nj were measured with an Ebert spectrometer

aimed at nadir through the bottom of an NASA C-5h airecraft. The aifcraft fleﬁ
over the ocean at an altitude of 523 meters (1700 £}, covering trecklines
. o that included relailvely clear offshore weler, hlghly turbld Hudson River

effluent, and pollutent dumps in the New York Bight Apex. The spectrometer's

BT, T L S P S

field of'view was approximetely 300, thus inclﬁding & cirecle approximetely
270 meters in diemeter. During the 1.5 seconds required to observe a single

spectrum, aircraft motion displaced the field 6f fiew epproximately 115 meters

B L TR PN TR P Apr 11 S

glong the trackline.
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& greting in an Ebert spectrometer reflects the diffracted spectrum
through a slit. In this experiment, the slit was set to pass an approximately
2.5 nanometer (nm) wide band of wavelengths onto a photomultiplier tﬁber The
grakbing is rotated to scan the spectrum across the slit, so that a time record
of the photomultiplier's output‘ﬁoltage may be calibrated to yield rasdiance
&s a function of wavelength. For the MISA experiment, the GSFC Ebext
spectrometer wasAcalibrated using the diffuse integrating sphere at Goddard
Space Flight Center.

A selected subsemple of the observed spectra was digitized imto 55
chennels, each 5 nm wide over the wevelength interval %20 to 695 nm. This
particular repres&ntaﬁion'was selected to facilitete ccmpariéon.with earlier

1,2

results™* ., The individual radience spectra were then calibrated and

normalized to obtain ccean color spectra U, as defined by equation (1).

J
Five Ud spectra measured in the wvicinity of the acid waste dump site were
set aéide for separate snelysis. The rewaining sample of‘32 spectra an
(3=1,2, .. .,53n=1,2, .. .3 3_2) wes then subjected to
characteristic vector enslysis.

ihe first four characteristic vectors e 5 (1i=12,2,3,14 =1, 2,
«e-3 55) of the MESA sample covariance matrix are shown, together with the
semple mean spectrum R% (j=1,2, .. ., 59), es dashed curves in figure 1.
Also shown in figure 1 are similar results for Mueller‘sl’a Oregon data (0OSU
sample) and Hovis'59 ocean colox spectrum messurements made on his ;972 NASA;;
Coﬁvair 990 flights (CV 990 semple). Inspection of table 1 shows that the
Tirst four characteristic vectors account for 99 percent of total sample vari-

ance in each of the three samples. Internally, therefore, each of the three

I R -
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semples has exeetly five 99 percent significant degrees cﬁ‘ freedom associated
with N 2and the first four principal components (¥q, 1, Y3, Yy).

Thet the sé,mples merely have the szme number of 99 percent significant
degrees of freedom is not, however, sufficient evidence to support the hypoth-
esis that stahdard characteristic vectors are appliéa‘ble to allvthreevsvamplejs.
Obviously the parsmeter [ is common to all three samplesf The key question,
then, concerns the degree to vwhich the characteristic vectbz;s Eij

mubually interchengesble between samples. Interssmple agreement can be

are

measured by the orthogonal discrepency terms Eg 38° h?ﬁ’ and (SSB in
equations (%) through (8), and by the percent of variesnce retention '\Fg in
cross—sample representations (ea. (9) ). Pending results of a larger sample
gnalysis now in progress, part of which m’.l;L correct for intersample
spectrometer calibration discrepsncies, piB will be neglected and it will be
assumed thab

o _— L 5 1/2

8g ~ lesgl = 1= {kzl (Cppe)° S (12)

Characteristic vector coupling coefficients C?ke (eq. (5) ) are given

in teble 24 for o = MESA and R = OSU samples, and in table 2B for o = MESA
and B = OV 990 samples. -The mapgnitude of orthogonal discre_pancies [ Egﬁi
as defined by equetion (11), ere given in table 3, together with cross-sample
veriance retention V-g.

As indicated by the large velues of the diagonsl elements C (table 23},

o
ikB

the MESA cherscteristic vectors are reasonably well aliped with their

counterparts for the 0SU and CV 920 semples. The percentsge variance

distributions are also similar, slthough the 'propdrtion (about 90 percent) of

L Al B R i S i 48 e
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sample variance associated with e is larger than the corresponding propor-

13
tion (approximately 80 percent) for the other two samples. This may be due, in
part, to the relatively restricted subsample on which the present MESA results
are bhased. o

Of more importance than either of the variance direction similarities
shown by tables 1 and 2, however, are the very small wvalues of lEgB[ in
table 3. These values show that only a few hundrediths of the Ltotal lengths of
elj and e2j are not completely transferable between any of the samples. And

only about a tenth of e and ehj is not similarly transferable. Because

33
of this overall cross-sample equivalence in the first four characteristic
vectors, 96 percent to 97 percent of total sample variance is retained if MESA
spectra are parametrized with OSU or CV 990 vecﬁors, and viqe yersa. This
result strongly implies that four standard characteristic vectors could well
provide a common five percent significant degrees of freedom parametrization
basis for the three samples of ocean color spectra.
Turning finally to the acid waste signature, two Ug _speectra Trom within

a recent acid waste dump and on U§ spectrum from 200 meters beyond the
visible edge of the dump were selected for analysis. The two acid U? spectra
are shown as solid lines in figures 2A and 2B. The third U?_ spectrum is in
figure 2C. These spectra, together with the MESA mean and characteristic
veetors, (fig. 1), were substituted into equations (10) znd {11) to obtain
residual spectral signatures S?c, which are shown as dashed curves in figure 2.
Obviously, the two acid Uj spectra have a significant residual spectral
signature Sgc, whereas the third spectrum does nob.

| Visual comparison of the overall and residual acid spectra {figs. 24 and

2B) with the reflectrance spectrum of iron hydroxide powder {not shown) suggests

S bt i s s ot
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that a precipitate of that substance, rather than of iron oxide, may be

responsible for the cobserved spectral signsture of the acid dump.

CONCLUSIONS

The results of an ocean color spectrum analysis have been presented

which use the method of characteristic fector. The following conclusions

are made from the analysis:
1. There is strong evidence to suppert the working hy‘potﬁesis that a'
standard set of & four characteristic basis vectors plus & standard
"mean" vector mey be used globelly to parametrize "ordinary" ocean color
spectra. An individual spectrum would be parametrized by its mean
radiance N &nd four standerd principal components (Yl, Yo, 1, Yh)
representing the five 97 percent significant dggrees of freedom found in
“ordinary" oceen color dabaz. It is emphaéized, howew..rer, that much
additional data is reauired before such a system could be accepted for
standard use. By specifying "ordinary" ocean color it is meert to |
exclude weters conteinirg industrial and acid waste meterials.
2. The ascid waste material routinely dumped into the New York Bight
appears 'Eo have e spzectral sigpature with a unigque component orthogonal to
the charscteristic vectors of ocean color specitrs observed elsevhere.
This unﬁéual"spéctfél signeture may be caused by a FeOCH precipitate
that forms after the pollutant enters the weter. I constant from
dump-to¥c1ﬁmp end stable wi‘ﬁh time in the water, the residual spectral
signature may be used to sccurately discriminste the =secid waste from,
€.ffay sediments or chlofophyll,' end to mep its dispersal patterns in-

remote ocean coclor imagery.
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In closing, it is emphasized thet the numericel results given here are
preliminexy esnd subject to modification in the fubture. The MESA end CV 990
spectra were measured with the séme spectrometer, but in different |
configurations and based on separate calibrations. The OSU spectre were
méasured.with a different spectrometer which was independently calibrated

by a different method entirely. Errors in any or all of the radiance calibra-

tions of the spectrometers used will contribute to the error terms Egjﬁ’ p?B
and 618' Recognizing these errors, a method of estimating the spectral

intercalibration discrepancieg bebween samples Las been derived.
Preliminary celculations suggest that using this method to edjust ell spectra
t0 & common calibration bese virtuelly eliminates mesn spectral orilhogonsl
. . Gl s . . v} o
da . ‘s .
iscrepancies ij Corresponding improvements in 8138 and 618 are
expected.
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Teble 1. Percentage of totel sample veriance associated with .
the first four characteristic vector of ssmple convariasnce matrix for
three independent semples of ocean color spectra.

elj
EEJ
esj
el}-j
e - -

0sU
Sample

78.6%
17.1%

2.4%

0.9%

L eror e i sty

CV 990
Semple

82.9%
15.1%

C1.29.

0.3%

MESA
. Bample
90.8%
5.9%
L 1.3%
. .74 .
-
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Teble 2., Cheracteristic vector coupling coefficients'cgi and Cika’
defining the projections of characteristic vectors eg. of sample o “on
those e, of semple P and vice versa for MESA ocean cdlor date in comparison

with 05b%and GV 990 samples. (See text for explanation of terms).

A, MESA {sample o) vs 0SU (sample B}.

0SU (Semple RB)

1 1 2 3 3
1 0.850 -0.413 0.0ko 0.306
MESL 2 0.la7  0.861 0.125 0.033
(Semple o) 3 -0.170 -0.147  0.858  0.198
L ~0.227 0.168 ~0.132 0.812

B. MESA (Sample o) vs CV 990 (Semple B).

CV 990 {Semple B)

i k 1 2 3 L
1 0.933 -0.255 0.043 0.2h1
MESA 2 0.288 0.915 0.0Ly  -0.111
(Szmple o)
3 ~0.027 -0.1k1 0.836 -0.197
h -0.169 0.109 0.320 0.7T46
38
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Teble 3. Cross-sample unresolved orthogonslity errors IE? | and
percent of cross semple variance retention V% for MESA ocesn color spectra
compered to OSU and OV 990 ssmples. (See text for explenation of terms.)

Semple o 0SU MESA CV 990 MESA

Semple B MESA osu MESA oV 990

Ie;‘B[ 0.006 0.012 0.002 0.009 ‘

IEgsl 0.035 - 0.020 0.033 0.019 ; t

|e§8| 0.091 0.122 0.129 0.102 b

laﬁ‘sl 0.130 0.109 0.147 0.184 %é

Vg - 96.8%.  95.7T% - o7.hg 97.14% I
]
;
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Figure 1. - The mean vectors (M.} and first four characteristic
vectors (e..) of the sample coVariance matrices for three samplies -
of ocean cdior spectra measured in different geograpnical regions. -
Vectors M. are in units of relative radiance. Vectors
e-ij are d’?mensionwss and of unit length.
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Figure 2.- Ocean color spectra (solid curves) and residual
signatures (dashed curves) cbtained as described in the main

text in the vicinity of the acid waste dump in the New York
Bight.
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MULTICHAYNEL OCEAW COLOR SENSOR (MOCS)
by
G&ry‘w. Grew '
© SUMMARY
Ain algorithm for the remote detection end guantification of chlorophyll-A
in coestal zoneAwamers hes been established for concentrations above 15 ug/l.

For concentrations above end below this limit chlorophyll-A has been detected

and identified by a sigﬁature éxtraction technique developed for analysis of

date collected with (Multichannel Ocean Color Sensor), (MOCS) a multispectral

scanner. This paper presents MOCE dats collected in the New York Bight in

April 1975 es part of an NASA-NOAA Remote Sensing Program. Spectral signe-

tures of algae, acid wasite, and sediment are presented.
INTRODUCTION

- It haé long been recognized that the color of the oceen cen be altered
by the presence of algae. It is nabural, therefore, to expect thet man would
investigate the possibility of remotely identifying and quantifying slgae
from sircraft and spacecrafi. The desirsbility of genersting contour plots

of mlgae in the ocezn is clear. Regions sbundent with algaes are of

Acknowledgment: The suthor is grateful tc Naftionwl (cesnic and Atmos-
pheric Administretion personnel, in particular Dennis S. Clark of the Hebtionel
Envirommental Setellite Service, and Terry Nelson of the Ablantie Oceanographie
and Meteorological Lsborstory, for use of their umpublished ground truth
information.
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particular interest to various user organizations for a number of reasons.
For example, in order to support large populations of algae, regional webters
must be rich in nutrients. The sources and circulastion of these nubtrients
are important directly or indirectly to the following groups: (1) %o écean—
ogrephers in shtudying ocesn end coastal currents (upwelling currents in
particular), (2) to commercial fishermen in locating Teeding grounds for fish,
{(3) to ecologists in locating sources of pollution, and (L) té marine
biclogists in studying red tides. In the latter case, monitoring of red
tides, dense populations of certain dinoflﬁgellate algae, are importent
beczuse they can be toxic %o sea life and man and have been detrimental to
the seafood industry, especislly in the states 6f Floridé, Massﬁchusetts,
and Celifornia, Thus, interest in large sres mapping of algae in the sea by
remote-sensing techniques has been brewingvsince the onsetvofvthe uU.S.

space progrem.

The feasibility of remotely detecting algae has been demonstrated by a |
number of researchers.lﬂB However, it appears that, as yeb, no genersally
accepted elgorithms for the identification and quantificetion of algae
remotely has been established. The major difficulty is that the total
upwelling light is dependent on so meny wvarisbles, as illustrated in figure 1
The varisbles shown in the figure are dependent upon such factors as solar
elevetion, atmospheric conditions, sea surface roughness, end composition
and vertical distributions of the suspensoids in the sea, water depth,vand
ccean floor composition. Thus, an slgorithm for slgae that appears to
work for one set of deta mey not work fo:'a different set. An algorithm mist

be found that negates or minimizes the influence of all other variables.
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Fortunetely, elgae possess characteristic sbsorpbion spectra which can
be used to some, as yet unknown, degree. The zbility of plant cells to asbsorb
light depends upon their pigments. TFigure 2 shows examples of gbsorpbtion
h

spectra measured by Yentsch. These curves show & strong absorption péalt
at sbout 675 nm in the red region of the spectrum due primarily to c¢hlorophyll-
A snd a second broader pesk at 450 nm in the blue region resulting from the
combined sbsorption of chlorophyll and carotenold pigments. The use of these
two ma.jbr absorption characteristics of plants is currently under investiga‘tion
by the author for remotely qua.ntifyipg glgse in the sea., As will be discussed
in later parsgraphs, the chlorophyll-a .peak in the red is useful at high
concentrations (>15 ug/l of chiorophyll—-a), but not et lower conecentrations
where the strong é.'bsorption characteristics of water (fig. 3) overshadow
thet of algae.s At lower concentrabions the absorption maxima in the blue is
still usé.ble, but it becomes increasingly more difficult to separate algae
from sediment, the other major suspended matter in the ocean. It is the pur-
pose of this peper to report the progress to deste made in resclving these
probiems.

The ds.té. presented in this paper were collected using Multichannel
Ocegn_ Color Sensor (MOCS), a multispectral scanner. This _instrument was developed
under NASA contract by TRW, Inc., as part of the Advanced Applications Flight
Experiments Program (A_AFE)‘“ MOCS is being flown on an NASA Wallops C-5h
aircraft with the prime objective of collecting ocean color data that can be
used in 8 computer program developed at Lengley for extracting spectral
signatures and slgorithms thet unigquely identify alges, sediment, and
pollutants in our coastel waters. Results presented in this report were

provided by MOCS data collected on an NABA-NOAA flight in the New York Bight
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on April 13, 1975. A good dsbe sebt of chlorophyll spectra wes collected
on that mission. This dats set is supported by some ground truth information

provided by NOAA.

MOCS INSTRUMENT DESCRIPTION i

MOCS is a visible imeging spectroradiometer which performs multispectral

.scanning electronlcally. It hes no moving parts. MOCE was specifically
designed for measurements of small differences in ocean coJ.or i‘rlom. space__.. It
measures the intensity in 20 spectral bands at each of 150 spatié.l sites of
the ocean across the field of view. MOCS is unique in thet it ﬁs_es only one
detector and, as a result, it is compact and very 1ight, weighing only 23
pounds. ) | - | . g
Figure It is & schemstic of the opticel arrangement of MOCS and & listing ]
of its specificetions. The results of recent measurements of the center *
frequency of each band ere given in table 1. In oper;ﬁ:ion, light from the !

water is focused by the objective lens on the entrence slit. The instrument

is designed to form e high-quality optical imsge of the ocean surface on the
slit, so that light from one edge of the field of wview is imaged at one end
of the slit, light from the center of the field is imaged at the center of the
slit, end so forth. The light is then coilimé:bed., dispersed by a blazed
transmission diffraction grabing, end reimaged o.n the face of the image
dissector. The resulting image-consist's o'i‘.'a. large number of adjacent spectra,

each one composed of radiation coming from & different site across the

[

instantaneous field of view. The sp'ectra. are scanned in sequence in a raster .
pattern on the photosensitive gurface of the tube. The resulting videc

signael is e measure of the spectral intensities of the ..L'i.ght coming from eech

I T T LTIy
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cf 150 spatial sites. Tﬁe scan rate is such that the whole raster (one
frame) is read out in the time (286 msec) it tekes the épacecraft or aircraft
to move forward over the ocean cne resolution element. The sean is then
repested at .a. rate of about 3.5. frames/sec to give contiguous coverage of the
ocean. MOCS hes a 17.l1 degree field of view and a spatial resolution of

2 by b milliradians.

The present MOCS system has an slternate mode of operation made possible
by chenging the image dissector. In this mode the =pectral resolution (5 nm)
is increased by a factor of 3 at the _exi)ense of a factor of 3 reduction in
spatial resolution.

The output of MOCS is fed to an A/D converter and stored on magnetic

tape. The bit rate from the converter is 137 kbits/seconds. A detailed

description of MOCS and its associated electronics can be found in reference 6.

Figure 5 is & photogreph of MOCS.

NEW YORK BIGHT MISSION
Remote-sensing experiments were conducted in the New York Bight between
April T-1T, 1975, as part of cooperative program between .I.\fASA and the
RBational Oceenic and Atmospheric Administration (NOAA). The otjective of __
this mission wes to evalﬁa.te multispectral, infrered, microwave, and
photographic remote-sensing techniques for_determining surface circulsticn
festurez end for detecting sediment , chior;:phyll, znd cther water gualiiy

7

perameters in the New York Bight. This mission was cne of seversl Marine
Ecosystems Analysis (MESA) programs thet sre being planned by NOAA. The MESA
progrem is focused on providing information to better understend snd minimize

men's impact on the cosstal zone.
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Aireraft flights of the MOCS Experiment were conducted on April 1Cth
and April 13th. The aircraft flight lines, environmental conditions, end
water masses were generally the same on both days. The surface winds and,
therefore, the waves were higher on April 13th. Good MOCS data were collected
on both deys and analysis of the date revealed similar results. Since more
extensive ground truth dasta were collected by HOAA on April 13th, thet mission
is presented here. MOCS and other experiments were flcwn on 2 Vallops C-5h4
airereft et 5,33 km altitude. The flight lines consisted of five parsilel
tracks sbout 3,35 lm apert and 535 km long in nerthwest-southeast directicn
as shown in figure 6. These flight lines are superimpeosed on an HOAA generated
map showing (1) the locetions of weter samples collected by helicopter,
(2} tke chlorophyll-s concentrations measured from these ssmples, and
(3) possible contour lines of the apparent algae bloom on April 13tk.

Threé sampling stations near. Ssndy Hook indicated high concentrations
of chlorophyll~a (fig. 6). Based on discussions with NOAA of their
preliminery snslysis of the ground truth dé‘.‘ba, it eppears highly probable
that the primery constituent in this plume was algae. TFigure T is e plot of
aversged MOCS de.té. for spectral bend 5 (460 nm) slong line D beginning just
offshore of Staten Island. A plot of the retio of berd 14 (€01 nm) and bend 5
for the same date is shown in figm:'ev 8 albng with the approximate losation of
ground truth points collected by means of helicopter and the IICAA ship
Kelez. The c-hio‘rophyll—a. levels and the fimes. between each water sample
vickup end tﬁeb C-54 overflight ere indiceted. |

The ratio plotted in figure 8 is used b;.r‘ the author as an "indicator" of
tufbidity. Selection of these bends was based on the exemination of & large

number of MOCS spectra which reveesled that the mexims and minima of the
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spectral variations of light from the sea were gt or were near bands 1l and 5,
respectively. Note that the inflection point of the sbtenuation length

curve in figure 3 occurs at band 1k. Under ideal conditions (clear, windless
day end solar elevetion 20° - 50°) this turbidity indicator (TI) ratic ﬁsing
uncorrected MOCS data is sbout 0.28 for clear watér and 0.60 for very turbid
water.

Figure 8 indicstes turbid weter in the lower bay between Staten Island
and Bandy Hook. The plume boundary beyond Sandy Hook is quite evident.
Beyond the plume there is & relatively clear weber region followed by &
sulfuric acid waste dump. By inspection the correlation between the TI
ratio and the chlorophyll-a levels is. reascnably good. Figures 9 and 10 are
plots of the TI ratio for all five flight lines on April 13th and April 10tk.
The turbid plumes and acid waste dumps are evident in both .figures..

In the following peragrsphs a si_gnature extrac_:‘bion technique is outlined
and ab the samé time spéctre.l signatures of the plume water snd seid Wésté '

in the Bight are presented.

SPECTRAT, SIGNATURE EXTRACTEION

As previously stated, many environmental parameters influence the spectra
of upwelling light from the sea. The contribution of the backscettered light
from e partiecular suspensoid is oi‘teﬁ a small percentage of the total signal.
Thus, spectral datz ccllected over similar wabter masses but under different
environmental conditions yield different spectra. Tt is, therefore, extrémely
difficult to exbract any information from a single spectirum. An investigator
must examine tﬁe vai;ia;fiéns 1n the spectral deta that result from vafiations

in the zoncentrations of a suspensoid.
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The MOCS deka used here to demonstrete the MOCS signature extraction
technique is a set of spectre collected on April 13th along line D. This
data set was collected in ahout 20 seconds over a l-mile path in a region

where the chlorophyll-a concentration is assumed to have varied between 6

end 14 pg/l (see fig. 8). This assumption is hased on the ground truth and

MOCS data consistency. TFigure 11 ghows rather uninspiring semple reflectance

spectra from this “chlorophyll" data set. One needs to exarine the spectral

differences between these spectra. Figure 12 shows plots of the fractiousl

differences between spectra selected st rendom from the deta set. Although

" interesting feetures appesr, they are partially lest in the 'noise." A

technigue is needed to extract an aversge fractionel difference spectrum.

This cen be derived in the following manner.

In figure 12 there appear to be falr correlations between spectral bands.

For bands 12 (568 nm) and 1% (601 nm), for exarple, a linear regressiocn

equation cem bhe determined for the chlorophyll date set of the form

Lp=AaL;) *B

where 112(11’4) is the signal of band 12 (band 1) for a given spectrum.

eand B are constents, Tor the dats set, the correlation coefficient for eguation

(1)

A

(1) was found to be 0.9k, Likewise, an equebtion and correlation coefficient

can be determined for each of the other 18 MCCS spectrsl bands with respect

to band 1L, These equétions can be written

[ o
i
-
iv}
]
[w]
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Now the relative frectionsl change, g(i,lL),fcr band i for the curves in : S

figure 12 can be wr tten

g(i,lh)=%- .. S ' (3}
I.

or from equation (2)

+
o
H
I._l
=
. e o
ST : .
i e e A e s e i e

A,
gliah) =—=1% 53 8. .z
i g (4)
i# 1k .

where ii is the aversge signal of band i. Plots of. egli,1k) (normalized.
by the pesk value of g{i,"l))and their corresponding correlation coefficlents
for the chlorophyll dstz set are shown in figures 13 and 1k, respectively.
Compare figures 12 and 13. Figure 13 can be considered to be a variant : _;
spectral signabure of the chlerophyll date set. Tigure 15 sﬁows rlots of f: 5
varient spectral signatures determined fronm 50 different subsets of TS spectra ,
each from the chlorophyll data set. The plot in figure 13 is actualiy an -
average g(i,l4) of the data in figure 15.

Selection of bend 1k ir Fg. (&) was somewhat arbitrary. TFor a selected

band j equation (4) can be rewritten in general as

A, . o

(5)

g{i,j) =

H>l£’

AN
=
)
=
>
>
o

A normalized varient spectral zigneture using J = 12 is plotted in figure 16.

Figures 13 and 16 are essentielly the same. KNote that the undefined




quantity 5(12,12) has been artifically added to figure 16 by interpolation
using the values of bands 11, 12, and 13 in figure 13. 'The variable fi in

equation (5) re-introduces the gtmosPheric scattering component of the upwelling

light into the spectrel sigratures. This component, however, does not
serionsly influehce the spectral features; it merely decresses the magnitudes
of g(i,j), particularly in the blue bands. The term is used for two basic
reagsons. First, the algorithms selected for each suspensoid will probebly
congist of ratios cf two or more spechbral bands. Varisztions in these retics
dépend on the fracticnal changes, AIi/ii, of the Egﬁgé_signél for each band.
Second, g(i.j) is independent of the sensor used, that is, for all ocean cclor
systems at the seme altitude, the spectral signeture of a particular.waier'

mass obtained by means of equation (5) would be identical.. No sensor calibration

i5 required.

Turther examples of variant spectral signatures extracted for the April
i3th mission are shown in figure 17. The data set for this case was collected
over a sulfuric acid waste dump in the New York Bight. Differences between

the chlorphyll and acid wéste signatures can be seen in figuré 18.

 ALGAE
Additional algae signetures shown in figure 19 were extracted from the New
Iork Bight data. One was extracted from a dats set ip which the chloroﬁhyll—
a concentrabtion varied between 14 and 24 ug/l along line D on April 13tk
(see rig. 8). The second signature was cbiained from the plume on April 1Cth.
Other similar spectrs have been extracted from data collected with MOCE in

the Chesepeske Bay region.
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A prominent festure of these signatures is the chlorophyll-a absorption

peek at band 19 (678 nm) in the red region of the spectrum., Note that the
ebsorption peak is negative going in the reflectance spectra (fig. 19) and
positive going in the gbsorption speectra in figure 2. Ahpossihle secondary
absorption peak due to chloroph, 1—a.of some.other pigment is evident at
band 16 (631 nm). Absorption in the blue region of the spectrum due to
chlorophyli-a and carctenoid pigments is indicated by the sharp slopes of
the spectra beginning at bend 14 (601 nm) end leveling off near band 9
(521 nm).

Since the relative signal of each band in figure 19 is positive, some of
the verieble component of the upwelling light is being backscattered rether
thean absorbed by the algae pigments., VWhether this backscettering is due
rrimarily to slgae itself or some other process in the sea is unelear.
Further distortion of the gbsorption spectrz due to increased backscettering
igs evident in figure 20. This signature was extracted from a data set which
included spectre 8ll slong line D from Staten Islﬁnd to the plume boundary,
excluding shallow water regions. A more extensive knowledge of the composi-
tion of the suspended matter in the water is needed before these spectral
signatures can be understood.

Even so, the chlorophyll-a absorption in the red regicn of the spectrum
should be useful to some extent for quentifying elgae. As the concentration
of algae incresses this chlorophyll-a feeture becomes more pronourced. This

principle is illustrated in figure 21 in Which‘the ratio I versus the

197117

ratio of 120/119 is plotted for data points elong line D. As the

chlorophyll-a feature becomes more prominent with increasing concentration

IlQ/IlT decreases and 120/119 increases as verified by the ground truth data.

Y
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With the exception of the "tail' in the lower right of the plot, a geod
linear relationship exists between theée'ratibs, and shduld, therefore,: he
useful in quentifying chlorophyll-z in the sea. Analysis of the data poipts
in the ™ail" indicates that this deviation is due to bottom reflection in
very shallow water (43 meters). Oncevtheveffect of shellow water is clear, an
optimum algorithm for chlorophyll in very shallow wabter can bé.selected using
sPect;al bands 17, 19, snd 20. Perhaps a combinztion of the two ratios,
IlQ/IlT and 120/'119, should be used. For example‘ Tog * IlT/(Ilg) is plottéd
in figure 22 versus IEO/IlQ for comparison. Notice the effect of the
shallow water data for each ratio.

Since only a very few data points oceur over very shallow water, the
ratio 120/119 was used in figure 23 to generate the false coclor map
of chlorophyll-a concentration along line D, The algorithm used for this map

vas
w=¢+«=%4p (6)

where N is the chlorophyll-a concentration end C and D are constants.
Notice the ground truth measurement of 32.2 ug/l in figure 6 at a station off
Sandy Hook, but outside the field of wview of MOCS for line D. It is in
sgreement with the color coded level, »29 Yg/l, indicated near Sandy Hook in
figure 23, which was determined from equation {6)}. TFigure 24 shows plots of
120/119 for the five flight lines on April 13th.  The slgee plume appears to
be guite strong in New York's Lower Bay and along the New Jersey shere in

agreement with the ground truth data in figure 6. Line A shows high concentra-

tions of elgse in Fockaway Inlet and much lower concentrations offshore of
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Bockaway Beach s verified also in figure 25. A similar plume existed_on
April 10th as shown in figure 26 except that it extended farther seaward and
its boundery was more sharpiy defined, .

As demonstrated by the data in Tigures 21 and 25, the chlorophyll-s peak
at band i9 doeg not appeér %o be useful for qﬁantifying algae much below
15 ug/l. As the algae population thing out, absorption of light by the ocean
increases, A point is reached in vhich absorption of light by water is
much greater than by the chlorophyll-a pigment at band 19 and the feature
becomes lost in the neoise., Thus, for low concentrations, another algorithm
must be found -~ one using spectral bands in the blue and green regions where
sbsorption by water iz not as gtrong. BSeversl promising algorithms are

currently under investigation.

SEDIMENT
Two suthors demonstrate elsewhere in this document that there is a high
correlation between the sea truth meassurements in the Bight of suspended
solids aﬁd ehlorophyll~a. ‘This result practically precludes the use of this
sea truth data to seperate out these two suspended materiels. Moreover, this
high correlation suggests that the primery constituent in the plume was algae,

s previously indicated,

A veriant spectral signature of sediment, compared in figure 27 with an algae

signature, has been extracted from MOCS dabta on another mission (ref. 8).
This sediment signsture exhibits no unigue features, suggesting that clear
separatidn of sediment from other constituents in the oceen may be limited.
However, two separstion techniques are currently under investigation by the

author. Their preliminary results are beyond ithe scope of this report.
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CONCLUDING REMARKS

Varisnt 3pec‘brai signetures of algse, sediment, and acid waste heve
been obtained bjr & .signa:ture e:i‘tractidh technique developed specificall’ly
for a.nalj‘sis of MOCS data. The signabures were normalized such that they "
ave in'dep'endem:- of the ocean color semsor used; no instrument calibration is
required. As demonstrated in this paper, a dié‘tinct advantage of the varilant

 spectral signetures is that they cen be used directly to establish el gori thns.
The chlorophyll-e ebsorption péak in the red region of thg spectrum is

clearly evident in the spectral signatures of algae'. This feature appears

to be useful for quantifying chlorophyll-a asbove about 15 g/l by use of bands

17 (64T nm), 19 (678 nm), end 20 (694 nm). A comparison between the ratios i
- ] ]

IlQ/IlT and IEO/IlQ clearly seperates out chlorophyll-a for the algae in

the New York Bight on April 10th and 13th. The latter ratio can be used in o -k

deep water. For very shallow water (<3 meters) perhaps the ratio

Iyt IlT/(119)2 should be used. Whether or not these algerithms can be , ;

used for most saltwater and freshwater species is, of course, uncertain.
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Table 1 MOCS Spectral Bands

Center

Band wavelength

{nenometers )

Band

Center
wavelength
(nanometers)

= W

o =1 O\

0

10

k00
b15
430
W5
460
h75
koo
506
521

53T

11
12
13
il
15
16

18
19
20

252
568
50k
601
616
631
6Lt
663
678
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Interactions of light with the atmosphere and the ocean.
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Figure 2.- Absorption spectra of extracts of plankton algae
(from Yentsch4).
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FLIGHT DIRECTION

Figure 4.- Optical schematic and specifications of MOCS.
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Fiqure 6.- Approximate flight lines of the NASA Wallops C-54 on
April 13, 1975, superimposed on a NOAA generated map
showing locations of stations where chlorophyll-A
(ug/1) measurements were determined from water samples
collected by helicopter.
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Figure 7.- Averaged data points along line D (fig. 6) for MOCS

spectral band 5 {460 nm).

SRS R e R L I T AR e i




1 o ﬁ‘;
e ' - T HELICOPTER SAMPLES
A8 ESTATEN 4 7 SAMP: ;
" E[ISLAND fi— OFFSHORE | KELEZ SAMPLES
A6 23 SANDY HOOK -
i El i , ACID WASTE
4 ;—l R T b
A T \ s i
A2 N 1 3 pglt ! | ﬂ !
wE 1 s (~14hr),\ \ i
LU Y Parl &% :
1601 nmy T F T L 6ugl l] 1] | 3
| (460 nm) .38 |- Apgl L, B3Ny :
- .5hr) 1\ ! v
; | .36 (.o T,l :1 \ ] ;
o 2 - 14 pglt ™ ¥ l
s 39 L (+1.3 hr)
| 30F
! | | 28r-||||}l_1J_J__El1JIIIllll_._lllII11||_I111|1111||‘||IIII'IJ
I 00 40 80 90 160 200
5 FRAME

Figure B.- Averaged data points along line D for ratio of band 14 j
(601 nm) and band 5 (460 nm). Chlorophyll-a levels _ i
(1g/1) collected by helicopter and the NOAA ship Kelez . .
“are indicated along with times (hours) in parentheses
between water sample pickups and C-54 overflight. !




e e i A At

PLUME
BOUNDARY

..,Ei.,]

=

o
AN

ACID
LONG ISLAND
BROOKLYN

R

— ——a v
—— e e

ratio for all five flight 1ines in the New York Bight

on April 13, 1975.

Figure 9.- TI

67




LAND -
- PLUME
BOUNDARY

STATEN b/l
ISLAND ~

NEW
JERSEY ~_

Figure 10.- TI ratio for all five flight Tines in the New York Bight
on April 10, 1975

68




e TR
egr—— "~ . .o

69

100 —

RELATIVE 5 |

'/ ~14 g/t CHLOROPHYLL -A

REFLECTANCE ~ /
| ~6 ugll
25
] R I R l |
0 2 4 6 8 10 12 14 16 18 20
: SPECTRAL BAND
 Figure 11.- Sample reflectance spectra from MOCS data collected at

5.33 km altitude along Hne D.




0l

14 —

A2 -
A0
08—
Al o6l
[
4
02+ g%'é
Be
bs T
~.02 | [ 1 | 1 1 | | | | B
00 2 4 6 8 10 12 1 16 18 2 B=
SPECTRAL BAND B
Figure 12.- Sample fractional difference spectra from MOCS data. '




Tl

100 -
e
g (i, 14) 50 —

25—

L

I l ! L | N
-0 2 4 6 8 10 12 14 16 18 20
| SPECTRAL BAND
Figure 13.~ Variant spectral signature of chtorophyll-a data set

using Jj = 14.

e j




1.’_00 —
80 |-

60 -

r (i, 14}

cl

f | I R AN N RN M RN S
. | 0 2 4 6 8 0 12 14 16 18 2
L - SPECTRAL BAND

\ Figure 14.- Correlation coefficient of spectral band i and band 14
H _ for the data in figure 13.




4

g (i, 14)

-y
&
e T T T e, G A AR 1 <-A1M1mw "

H
E
Y Y N NN U S N
0 2 4 6 8 10 12 14 16 18 2
z .

SPECTRAL BANDS

4 Figure 15.- Variant spectral signatures of 50 subsets of the chlorophyll-a
: data set, j = 14.

Py nw;li.".gfeum@msmw

% e R A S R R R
\ : 4 i .




B

E R o T e ST )

LA

r_ffﬁmw,__,_% T
Ty

i

E

g (i, 12) 50

100 —

AN

25—

L | | L] | | L]

SPECTRAL BAND

Figure 16.- Variant spectral signature of chlorophyll-a data set, j = 12. .

0 2 4 6 8 0 12 14 16 18 20




i
F
E

1R S Tt L T L ey R

Caless s it e Yo, VR s o

g (i, 10)

40

20

I i | (E——
8 10 12 14 16 18
SPECTRAL BANDS

Figure 17.- Variant spectral signatures of 50 subsets of acid waste dump j = 10.

| 3 P

r—— g PR PR oL TP IER, ¥C

|

a




9L

100

T

=7 1 L 1 | L]

0 2 4 6 8 10 12 14 16 18
SPECTRAL BAND

Figure 18.- Comparison between variant s_pectr'a] si‘gnatur'es of algae and acid.

e e vt 18+ s i A o 3 b g £ A s bl e . .
R -—

20

e o e e b e




100 —
75 |
. | | APRIL10th—~  /
/. | _ _ _\\\y/
g(i.12) 50~ | / APRIL 13th -

(14-24 pgll)

-3
25 |-
| 1 : | 1 | | L1 ]
0 2 4 6 8 10 12 14 16 18 20
SPECTRAL BAND
Figure 19.- Variant spectral signatures of algae from New York Bight data sets.
,,.,._. o » n o o " L : R




TN

pue

IR PI I ) P

- !"ﬂ‘h‘\
/!
f:"
75— /
: ' ¢
!
)
, /
AN /i
g i, 14) 50 — /
_ A : 7
7
/
/
/
25 - //
-~
.
/’f
.\\ f"
e~ -

L. | n _ | | | | l A
0 2 4 b 8 10 1z 14 16 18 20
| SPECTRAL BAND
Figure 20,- Variuint speciral signature of a data set consisting of spectra
ail along the plume water from its outer boundary to Staten
I=land.
o - LY, ¢ e o

=



6L

| (678 nm)/| (647 nm)
74

| HELICOPTER SAMPLES

10 | KELEZ SAMPLES

.66

.62 "———:—0 .J\"
wﬁ _}',0
‘\' 0\-\?;_;' f‘ 4/
+ =3 -1 I

24 uglt

.58

3 [k B3 | [1111Pﬁ1 [j1 3 4 | 'ﬁ111‘177]l1‘l|ﬁl]711—1 l“l1j‘|'1‘1|l]

.54 ljllllllLJJlllllelllllJlLlLlljljllllllllllJlllLllJJLlllJJll

14 .76 .78 .80 .82 .84
[ (694 nm)/1 (678 nm)

Figure 21.- 119/117 VEersus 120/119 for data points along line D.

Lines join adjacent points along the track. Chlorophyll-a
levei, are indicated in ug/1.

~
N




] | 169 nm) > | (647 nm)l 1 (678 nm)1
140 /‘
= \T
1.32 i -

124

oQ

1.16

IlllllIIIIIIIIII_I_I_IIIlllllllllillllil(l

108—llllllltlllllllllIlIlrII_IIII!|I1IIIIIII’_III|IIII!IIlItlIIIIIJ

12 74 .76 .78 .80 .82 .84
- | (694nm) | {678 nm)

Figure 22.- I, - I”/(I.IQ)2 versus I,5/I,4 for data points along
line D. : :

e s :

<

T e




S
| COLOR CODE CHLOR -A CONC. (zq/!
STATEN SANDY PlNl;( il (na/l
ISLAND HOOK Pk g2
ORANGE 23
YELLOW 20
L.GREEN 17
D.GREEN 14
BLUE I
BLACK LAND

Figure 23.- False color map of chlorophyll-a concentration along line D
in the New York Bight. Arrows point to approximate locations
of around truth stations.




AND—_| |
'Vl ROCKAWAY INLET

~y! ~CLOUDS

:.,‘ : .
.
-.I “‘ ,
"
Y v .‘é' B
. S -
;n.." Ii't . ", '
,..ﬁ "'*‘ T l o
. . ‘113!_" n
L ) T .
PLUME b i o
u W
BOUNDARY-#" 4 ™. ™
* ‘Y

LONG ISLAND-
ROCKAWAY INLET

‘BROOKLYN
STATEN - \
=

{SLAND—\‘;,.-;...il

Figure 24.- T,,/1,4 for all five flight lines in the New York Bight
on April 13, 1975,

82

e, 4 -

s ot Nt i sl e e oo 1%

T

. . . . . ~
i TR N T T N Y 5




.

| (678 nm) [ | (647 nm)

4 -
AL
10 7
.68
.66
.64
.62
.60

.58
.56

Y9

LONG ISLAND
AND CLOUD POINTS

3.8 uglt I” it \LCHLOROPHYLL-A
2.7 pgll IN ROCKAWAY INLET

| HELICOPTER SAMPLES

54!__|_1_1__|_1_1__1__1_,1_J11-1J1111]L¢41}1111J1144J111lJJJJJJJJ_x_jJJl1J]114JJ1114_]

3004 g8 00 1 o380 19 805 8 B2
I (694 nm) [ | (678 nm)

Figur=2 25.- I]Q/I]7 Versus 120/119 for data points along line A.

(Compare with fig. 21.) chlcrophyll-a 1levels (ug/1)
collected by helicopter are indicated.

.83

.84

.85

LA




PLUME
BOUNDARY

NEW
JERSEY "

|

120/119 for all five flight Tines in the New York Bight
on April 10, 1975.

Figure 26.~

3




V Y
4 .
.

58

100 —

SED IMENT

| l l | | I I I

0o 2 4 6 8 10 12 14 16
SPECTRAL BAND

Figure 27.- Variant spectral signatures of algae and sediment.
(From ref. 8.)

18

na L

RO~

e R




"

. ——— e i e e e s < e o

Remote Infrared Measurements of Weter
Thermel Ancmelies During the
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REMOTE INFRARED MEASUREMENTS OF WATER THERMAT, ANOMALJES DUPRING THE
NEW YORK BIGHT EXPERIMENT
by

Charles A. Hardesty
SUMMARY

This paper presents thermal data collected in the Hew York Bight in
April 1975 from the C-54 aircrafs platform as part of & BASA-NOAA cooperative
program. These thermal dszta were collected for correlation with MOCE date
and are not to be confused with thermal data collected onboard other flight
platforms during this effort. Thermal date are presented here and compared

with MOCS spectral signetures for algae.
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INTRODUCTION
[ -

Remote measurement>of seg suriace temperstures using infrared radiometers
hes teen widely studied end the technique used on many occasions., Absolute
accuracies of Setter than 0.5°C are obtainable from aireraft rlat forms
provided the infrered radiation measurements héve been processed to remove
the atmospheric effects and by using ground truth calibraticn. The infrared

experimeﬁts flown on April 10th and April 13th were a purt of the mission to
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evaluate multispectral, infrared, microwave, and photographic remote sensing

i £t

techniques for determining surface circulation esnd water quelity features in
the Kew York Bight.
The purpose of including the infrared thermasl scanning experiments on -

this mission (C-54 aircraft) was to correlate the observeble thermal anomelies

¢ ——— e et e e T

in the water with the remote measurements collected by the Mnltichannel

Ocean Color Sensor (MOCS). Water is essentially opague to the infrared

rediation in the 8 to 14 micron renge. Therefore,the upper 0.1 mm of sea

surfage determines the radiance veristion from reint to peint and the
tenperature of the marine background. The thermal data ccllected have not
been rrocessed to remove ithe effects of aimogpheric censtituents., These :
data are presented in this report as temperature changes alcng the flight
lines. The poor guality of the thermal scennper filnm records and the magnetic
dats tapes prevented digitizing the data and providing imape enhancement

anc Talse color maps as was originelly plaunned,

DESCRIPTION OF INFRARED INSTRUMENTATION

A Precision Radistion Thermometer (PRT-5), table 1, and a Feconofax IV,
tebie 2, were flowr on the Hew York Bight nission. The PRT-S consistg of
ar opbical unit and san electronic unit. The optical unil compares the amount
of radiant energy emiticd by the target with that emitted by an internally
corntrolled, optically chopped temperature cavity, thus providirg ebsclute
ﬁalues of infrared redistion leﬁels. ‘The unit uses & hypefimmefsed thermistbr
detector with the area of the active element only 50 micron squere. An
chlective lens.and épecial interference filter are used to.limit the pass band -

te the stmospheriz & to 1k micrcn window. With the 2 degree (2°) field of view, *he
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-
instrument covers a ground swath of 15.9 meters and 186 meters for aeliitudes
of 0.45 and 5.33 km (1400 and 17,500 ft.), respectively.

The Reconofax instrument shown in figure 1 is a single channel infrared
mapper, Incoming redietion from groﬁnd targets is reflected from the 45
degree surface of the rotating (11,000 rpm) scammer mirror into a parsbolic
mirror. The pafabolic mirror focuses this energy vie a sﬁall right angle
foldinggmirror onto the sensitive surface of the detectpr. The varying
intensity of the received energy produces an electrical signal. ihe
resulting video signal is used %o modulgte a crater lamp and record the
seanned imege on TO mm film. A mercury doped germanium sensor cooled fo
approximately 309K was used on this mission with an ? to 14 micron atmospheric
filter. Since this Reconofax did not have an onbeard calibrsbtion system, only
reletive infrared radietion levels were obiained with the scanner.

The remote infrared and MOCS experiments were mounted on the Wallops
Flight Center's C-54 sircraft platform and flown on April 10tk and April 13th.
Flight data were collected at the 0.45 and 5.33 km (1400 and 17,500 f£t)
altitudes. The flight lines consisted of five parsllel) tracks (A4 thru E)
about 3.55 km (1.92 nautical miles, n. mi.) apart and 55 km (29.9 n. ri.) long
in the northeaqﬁésOutheast direction a. . wn in:figure 2. Flight lines 1, 2,
3, 4, and the extended C--1 line, were f. . on April 10th at an a2ltitude of
0.45 tm (1400 £t.).

NOAA provided the ground truth date for both deys, but the most extensive

set of temperature date were collected on April 13th. In most cases there,wus

a considergble time spread between the NOAA ground truth dete points and the

NASA remote sensing dete obtained from the C-5b4 aircreft.

~4
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DISCUSSION

Figure 3 provides an excellent sesmple of the guality of the Reconofax
IV thermal scanner film records obtained during the spriag mission. This
Tigure shows flight lines A-1 and D-1 flown on April 10th et an altitude of
5.33 km (lT,SOO.ft). Some of the fine deteil has been lost in reproduction,
but close observation of thg film records shows several small ships (small
dots) along with their cooler wake trails., This observed temperature
Gifference is a result of cooler waber being brought to the surface by the
mixing motion of the moving ships. 'The thermal:boundary off shore of Long.
Island is quité pronounced in this picture which indicaﬁés a temperatura
difference on the surface due to the mixing motion (flow) of fhe water. The
sewage sludge dump is also quite apperent in the middle of the photograph and
the presence of the wake from the dumping ship indicates that this was a fresh
sewage dump. The sewapge dump was Tirst noted in flight line E-1 end it can_still
be seen in run B-2, spproximetely 100 minutes later. The reasson for this
strong sewege sludge signsbture and its persistence has yet to be determined.
Additional information is needed on the sludge tempereture and composition
gt the time of discherge to clarify this point. Tt is possible that the
sludge enrichment of the overlying waters may have resulted in formaticn of
exsensive surface films. The o0ld scid dump is not visitle in the photo-
graphs. This is remsonable, Eecause the Beconofax 1V c¢en only see &
temperature chenge of + 0.3°K or larger in the top 6.1 zm surface of water,
or a change in the emissiviﬁy of the surface. Other features to be noted on
tte Reconofax reccords are the smell hairline sersbtches running parallel

with the pictures slong with twe heavier dark Iines. These nerks were caused
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by the film magszine in the scamner and mekes it very difficult to digitize
end analyze the data using a densitometer.

Figure I is an exsmple of the Reconofex records for the 0.45 km (1400
ft) low altitude radisl lines 1 and 2 (feduced by 2/3 to permit printing.on a
single page) flown on April 10th. Line 1 starts just South of Sendy Hook
and ends at thé bridge on Rockeway Beach. Showm afe thermal gradients
loceted approximetely midway (arrows) between the land points, and just off
thevshore of Rockewsy Beach. The PRT-5 low level record in figure 5 is an

exemple of the last 15 minutes of data for the 85 km (L6 n: mi.) "C" line

on April 13th showing two thermal boundaries in the surface of the water.
These boundaries correlete with the scanner film record and are verified

by ground truth data points 23, 24, and 54. The Kelez data points are

approximately-ljhoc warmer than the eirborne measurements which is reasonsable,
since the date have not been corrected for abmospheric effects as mentioned
and the time spread between the data sets varied from 0.5 to 2.5 hours.
The magnitude of the thermsal anomalies at the boundaries varied between
0.3 and. 0.6°C.

One interesting phencmenon was observed on the A-2 line flown at 5.33 km
(17,500 £t) altitude on April 10th, end it appears on beth the Reconofex

(fig. 6b) and PRT-5 (fig. Tb) records. This feature appears as many

-smell thermal anomelies on the Reconofex film record with a faint leeding

(boundary} edge Lo the sncmaly area. Because the footprint (swath width)

‘of the PRT-5 is 186 meters (614 ft) for the high altitude pass, it tends to

smooth or averege the small gradients seea on the Reconofex record (16~

‘meter IFOV) for a total change of approximately 1°C over the area. The

thermal feature mentioned was not apperent on the A-1 (fig.vﬁa and Ta)
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line flown aspproximetely 30 minutes earlier, bul the gradient is still Taintly
visible in the B-2 line Tlown 30 minutes after the A-£ line. These high
altitude flight lines were flown in the sequence of C-1, E-1, D—l; A-l, C-2,
A-2, D-2, snd B~2. The phenomenon first appeared con the A-2 line, but the
area was cbscured by cloud coverage on the C-2 and D-2 flight lines, which
prevented pin~peinting the time of the occurrence. This anomaly oceurred at
the approximete time of meximum current movement for this area of the New
York Eight, thus_indicating 2 possible convergence and mixing of the water
mass. In some respects, the ancmaly seen on the Reconofax record (fig. én)
resembles the edge of the plume aree. indiceted in figure 8, a sketich made
from previous 1973 flight dats over the kight ares. The MOCS record for the
A~2 line zlso shows an incresased amount of turbidity for this time frame,
thus indiceting in this cese some correlation between the chserved surlece
thermal snomalies and the MOCE date.

Figures 9 end 10 sre plots of the PRT-5 thermal data for the first five
high altitude flight lines flown on April 10, and April 13, 19795, over the
liew Yerk Bight. These deta can te compared to the MIUCZ deta for ratic 120[119
in figures 2i and 26 in reference 1. A comperison of these date zeis.
sugzests there may be some correlaticn between the surfuce thermel snoralies

and MOCS data.
CONCLUDING BEMARKE

Thermel records for the PRT-5 end Reconofax IV were cbtalned for all
$1igit lireg flown on ihe C-SY eircreft for April 10, amd April 13, 1977,
“he Reconciax records for April 134k show le2ss thezrmal activity than on

rril 10th. The quality of the Eeconofax £iln records srd rmagnetic tapes
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prevented digitizing the data as originelly planned. A comparison of the
thermal IR and MOCS date sets indicated correlaticn in some cases, but not in :
others. More consistent correlation between data sets may be obiained by

using difierent ratios of MOCS data other tﬁan the 120/119 ratio, The thermal

patterns seen on the Reconofax records for this mission are indicative of :

water flow conditions and are similar in appearance (ref. 2) to the results

obtained by the Environmental Research Institute of Michigan in their work

over the New York Bight in 1973.
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" TABLE 1, - PRECISION RADIATION THERMOMETER (PRT-5)
DESCRIPTION: A LIGHTWEIGHT, PORTABLE, BATTERY-POWERED THERWAL INFRARED RADIGMETER
SPECTRAL CHARACTERISTICS: SINGLE BANDPASS = 8 TO 14 »H WAVELENGTH
SPATIAL CHARACTERISTICS: 2° FIELD OF VIEW OR 186 METERS a 5,335 METERS
| 16 METERS @ 457 M, ALTITUDE

~ PHYSICAL PARAHEIER'MEASUBEJ; THERMAL INFRARED RADIATION IN THE 8 TO 14 MICRON

WAVELENGTH BAND 7O £0.5° C

EARTH RESOURCES PROGRAM APPLICATIQAS: PRDVIDESIA TARGET TEMPERATURE REFERENCE

© MANUFACTURER:  BARWES RADIATION
* PHYSICAL SPECIFICATIONS: THO MAJOR COMPONENTS - OPTICAL UNIT

ELECTRONICS

REQUIRES ON-BOARD RECORDER
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TABLE 2. - RECONOFAX IV - IR SCANNER

© SPECTRAL CHARACTERISTICS:
 SPATIAL CHARACTERISTICS:

- RESOLUTION:

PHYSTCAL PARAMETERS MEASURED:

FOV 8 5,335 M ALT.: 16 METERS

DATA RECORD:

SINGLE CHANNEL INFRARED LINE-SCANNING IMAGING SYSTEM
.THAT RECURDS_RADIANT ENERGY IN THE 8 TO 14 wlM RANGEV
'SINGLE CHANNEL - 8 TO 14 ﬁN WAVELENGTH |

120° SCAN (i50° FROM NADIR) 3 MRAD INSTANTANEOUS FQV

FOV @ 457 M ALT.: 1.4 M

GROUND SWATH & 5,335 M5 18,300 METERS
GROUND SWATH @ 457 M; 1,500 METERS
INFRARED RADIANT ENERGY IN THE 8 TO 14 M

WAVELENGTH BAND TO 0,3 ° K
MAGE RECORDED ON 70 MM FILM
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Freure 1. - RECONFAX IV IR MAPPER '
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Mapping the Hudson River Plume
and An fcid Waste Plume by Remote Sensing in the

New York Bight Apex, April 1975. .
by
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MAPPING THE HUDSON RIVER PLUME AND
AN ACID WASTE PLIMME BY REMOTE SENSING IN
THE NEW YORK BIGHT APEX, APRIL 1975
by
Robert W. Johnson

INTRODUCTION

Suspended sediment and chlorophyll-a concentrations and their distribu-
tions heve been identified as important environmental parameters for monitor-
ing water guality and pollution in coastal zones. Suspended sediment hﬁs
been recognized as a natural tracer that msy be used to measure flow and
distributions in a water body, thereby providing information on pollutant
concentrations end dispersions. Chlorophyll-g concentrations sre a measure
of the nutrient load end an indicator of current state of health of a weter
body. In'additio.n, as yet unidentified materials in spectrel snomalies suéh
as plumes resulting from ocean dumping of acid wastes mey be used to identify
and map +those feabures. Synoptic distri‘nutions of these environmental
perameters mey be determined from remotely sensed data, thereby providing
informasion ﬁot readiljr aVéilable‘ by any other mesns. Calibvrs‘.tedv régression

equations have been used by Johmson (ref. 1, 2) to quantitatively map dis-

tributions of water quelity parameters such ss suspended sediment and

chlorophyll-a from remotely sensed multispectral scanner data. N

Tt is the objective of this in#estigation tb s.pply ‘the methodology of
reference 1 to a coastel zone em_rironment end to develop celibreted regression
éQuations to qua.ntit.a.tively map distributions df wa‘bez; .g_ﬁaiity Qarametérs
(e.g. sus_pended sediment and chlo_rophyll-p_.) measured in the sea truﬁh
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program.® In addition, other spectral anomelies in the scene, such as acid

weste plumes, will be quelitatively mapped.
EXPERIMENTAL METHOD

Remotely sensed data were enalyzed and interpreted using concurrently
collected sez 'hru‘bh information. Data collections were made on April 9, 13,
and 14, 1975, with the most complete set collected on April 13. Results

presented here will be limited to enalysis of remotely sensed deta collected

on April 13, 1975 (ref. 3).

Remotely sensed dete were collected by the Ocean Color Scanner (0OCS) and
Mitchell-Vinten camerass from a U-2 aircraft plstform at e f£light altitude
of 19.7 kildmeters (km) (65,000 ft.). The OCS is a 10-band multispectral
scenner with 10 bends in the visible and neer IR spectral range. Band center
wavelengths are from 433 nanometers (nm) to 772 nm for the nominally 20 nm
wide bands, teble I. Ground spatial resblution was sbout 75 meters (248 ft.).
Da‘bé. were recorded onboard the aircraft on magnetic tapes with four bands
(2, h,i 5 and 8) digitized during Ffiight and the others recorded in an analog
Tormet. Initiél data réducti_on atnd i‘ofmat‘t.ing were performed by the NASA
Godderd Spece Flight Center (GSFC) with calibrated digitized date in Bands 1
through & supplied to the Lengley ‘Researc:h‘. Center on computer compatible
tepes (ccw) o

Sea 'bruth measuremen‘hs for this expe*n.ﬁent were collec'bed by hel:v.coPter

over the 25 station matrix in the New York Blgh‘b apex. Ir; &ﬁ.dl’tlon, six

- ¥T would like to acknowledge the contributions of Mr. Terry A. Nelsen of the

AOML/NOAA for the collection end analysis of ses truth date during the

© experiment,snd also, those of Messrs. Gilbert S. Bahn snd Robert M. Glasgow

of the Vought Corporastion who contrlbuted to the computer:.zed dete snalysis
and mapping products.
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semples were collected at "sites of opportunity." Sample locations are shown
in figure 1. Stetions b, 5, 10, 15, and 21 were outside of the OCS scan and
X4 and X5 could not be located due to missing LORAN date. Suspended sediment

and chlorophyll-g determinations were made at most of the sample locations.

Teble IT is a listing of suspended sediment and chlorophyll-a concentrations

analyzed in this report. In addition, perticle size distributions were
obtained within 24 hours by Coulter Counter from wazter samples taken at these

stations (fiz. 2). BStation locations for the sea truth sampling were

determined by LORAN A with an estimated sbsolute accuracy of 70 meters (220 ft).

DATA ANALYSTS AND RESULTS

Peba Preprocessing

Representative radience values corresponding to the ses trulh meesurements

vere determined by loceting the sempling station as nearly as possible, and
then .'b;y teking the average of sn 11 by 11 field centered at that location to
cbtain the representative value., This field size was empirically determined
&5 the areﬁ reguired to compeﬁsate for uncontrbllable gpectrael and spatial
"noise"” or uncertainty. Radiance values (mm/cmz-ster—pm) asscelated with

fhe see truth sempling stetions are listed in table III.

- Quantitative Data Analysis
Stepwise Regression Analysis (SWRA) was used to determine calibrated
regression equations for quentitatively relating the ses truth measurements

to remotely sensed data, as in references 1 and 2. In an SWRA, the inde-

. pendent variable (radisnce in one OCS band) is selected that has the highest

correletion with the dependent varisble (water quality parameter; e.g.,

e
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suspended sediment or chlorophyll—-g). A number of wvarisbles are then
selected consecutively until gll of the independent variebles .('bands of 0OCB
data) thet make a signif‘ica_n_t ‘con'tributio_n‘ to de‘be_mining the dependent
varishble are inc'lude_d in the'regression eguebion and the others are "outside"
the regression. Limiting the regression equation to significant variables
reduces the snslysis time and iméfoves the accuracy of the results. The
criterion for inclusion of variables 15 a 90-percent confidence level as

determined by the statistical "F" test (see ». 171, ref. 4 for a discussion

of the SWRA}. : o ‘ e

Quantitetive Analysis Results
A1l wvelues oblained in the sea truth progx;a.fu {thaet could be located in
the scgne) vere included in the gquanbtitative enalyses of suspended sediment
and chlorﬁphyll-g_ excepﬁ those in fbﬁe spetgtral-a:.nomaly associeted ‘Wi'th.‘the

gcid weste dump plume (e.g. 811 stations except 18, 23, X4 end X5 for suspended

sediment and 18, 23, X1, X2, X3, X4, ¥5 and X6 for chlorophyll-z). There

were a total of 22 observetions for suspended sediment and 18 for chlorophyll~

8- The plume from the acid waste dumps will be discussed under qualitative

mapping in e leter section.
Resu’ts of the SWRA gpplied to suspended sediment snd subsequently to
chlorophyil-g were as follows:

Weter 0CS Band ,BN - Standard Correletion Correleticn Range of

Quelity in Regression Error of Coefficient to Suspended Sea Truth
. Parsmeter Fgustion - - _Estimate = = __...ed:.ment - Messurements
Suspended
Sedi~ .
ment- - - R6 . 1.39 - C.T9 . —_ 0.k6 ~ 8,38 mg/l
Chloro-
phyll~ ' ‘ 3
g -~ R3, R6 . . 3.87 0.83 0.90 - 2,20 - 24,30 mg/m

i ke

Bk ca A i
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where RN is the radiance in QOCS band ¥ (i.e., RE is radiance in band 6);
stendard error of estimate is a measure of the scatter about the fitted
regression line; correlation coefficient is a measure of the relative change
among variables; correlation coefficient to suspended sediment is the lineer
correlation of that variablé to suspended sediment; and rénge of ses Gruth
measurements are for the water quality psrameter being apalyzed.

Comperison of the remotely sensed (ealculated from thé regression
equation) and measured sea truth values for suspended sediment and chloropkyll-
2 concentrations sre shown in figures 3 and 4, respectively. Deviations from
the fitted regression line oceur approximately randomly, thus the linear
model appears adéqua.te. Johoson (ref. 1, 2) previously indicated linear
recponses in this range for suspended sediment and chlorophyll-=.

Interpretations of the remotely sensed dats should consider the high
correlation between changes in suspended sediment concentrations and changes
in chlorophyliﬁg concentbrations. In this case, where the correlstion coeffi-
cient (0.90) of sea truth (suspended sediment to chlorophyll=a) is higher
than for sea truth to remotely sensed data for either perameter, it should
be interpreted as a combined response where neither parameter can be
unambigiously seperated by the analysis. The high correlation between

suspended sediment and chlorophyll-z is shown in their comparison in figure 5.

.Quantitative Mapping'of Suspended Sediment and Chlorophfll—g{
Quantita#ive mapping of water qualiﬁy parameter conpentration distribu-
tions may'be determined from the regression e@uations. For each water guality
parameter, cqncentrations are debermined av each pixel (or eqpél specings

of lines or columns), this field of data is typically smocthed to remove

i,

i
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Local spectrel and spetisl noise features end then a contour map is

r -developed by & computerized plotting roubtine. The smoobhing routine used
in this anelysis is an averaging on a line~by-line and column-by-column

‘basis in the dete field where the middle value is replaced by the mean of it .

R T | T T e e s =

and the two adjacent values. Tdge values remain the same, In this asnalysis

T e

each pixel in every third line of data was used o generate the Tield of dats
for mapping. Two smocthing passes were made for suspended sediment concen-~
trations and two were used for chlorophyll-a concentrations.

Meps of suspended sediment end chlorophyll-s distributions; figures 6

Y
"y

and 7, also indicate ihe high correleation (0.90, see fig. 5) between these
parameters. The Hudson River plume extension intc the EBight Apex, then &
drift southward along the New Jersey shore, is clearly indicsied in both
figures. The previously locsted acid waste plume is shown in both the . o
suspended sediment and chlerophyll-z distribution meps. Deta interpretation

of this feature is discussed in the following section. The more concentrated

TR Ao YR T

Vol

portion of the acid weste plume is at station 18 which is in or near the

legsl dump area. Less concentrated areas of the acid waste plume are

probebly due to dispersion and to esrlier dumps. Acid vaste dump plumes

have been observed to persist for grester then 24 hours (ref. 5).

o Quaiitamive Anglysis of the_Acid_Waste.Plume

There zre not suffieient'ééa truth points in the ecid waste rlume %o ' ;, A
apply_guantitative,analysis_techniques; Hu?ever, investigatiqn'of;syaptral R : gﬂ :
changes essociated with plume dispersions indicates that the spectrel renge % ;
_.mqgt indicative cf_plume_changes,gre in the OCS band 3 to 6_spectrgl~range.,

“This is the same,spectral range that indicates differences in suspended
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sediment and chlorophyll-a, Thus, apparéntICHanges in suspended sediment

and chlorophyll-a concentrations in the acid waste plume area should be
interpreted as qualitative mepping of the acid plume (gualitative since
materials in the acid plume are known to be different from those in the other
locations of the exéerimental ares).

Spectral responses in the acid waste plume at locations of apparently
different concemtrations are shown in figure 8. For comparative purposes,
spectral responses for the Hudson River Plume and background (Bight Apex)
wvater are shown in figure 9. Radiance values in the acid plume are not as high
or as spectrally wide as in the combined suspended sediment-chlorophyll~a
in the Hudson River plume. This is shown in the ratios of plume to ocean

veter radiances in figure 10.

Particle Size Distributions

Particle size distributions for the basic areas in the sea truth and
remotely sensed daﬁa ere shown in figure 2 for the Hudsen River plume, acid
weste plume and background water. In the Hudson River plume, the dominant
size particles are small.(é.phi(¢) or 15 micrometers (um))} those in the
acid plume ere relatively large particles (3.5¢ or S0 um); and those in the
béckground water are essenﬁially bimodal (both laerge and small) in charaéter.
It should be emphesized that these are relative counts of particles and
only relative distributions may be éompéréd gsince little is krown about

the shape or specific gravity of the constituents.

Identification of Pollutent Flumes:
Identification of the two msjor spectral features (e.g., the Hudson

River and ecid waste plumes) would be possible in future experiments by

e ema aombe s ae g An
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spectral responses in‘the remotely sensed deta. Figures 8 and 9 are

radiences (mw/cm®-ster-ym) in the OCS bands for ranges of concentrations of -

the Hudson River and acid waste plumes, respechively. Note the general
spectrai similarity. However, when ‘the highest concentration responseé of
the plu’m’és... are ratioed to en in-scene calibration (ocean water) the ‘ i ;
diffe'rences are quite eppsrent above wavelengths of 580 mm (fig. 10). . b
+ appears that both radiance values and ratios to an in--scené source will
ﬁe usefui for pollutant iden‘f;ifica‘t:‘.on and monito:fing by remote éensing;.
Identificatnion of plumes by sea truth measurements will be aided by
the particle size charscterization, figure 2. As indicated éreviously the
Hudson River plume has predominanitly smell particles, the acid wa.ster plun_le

has predominately lerge perticles and the ocean wgter is bimodal in character.
CONCLUDING REMARKS

‘Remote sensing may be. effectively applied to locate, identify and map

mejor water features in the New York Bight Apex. A multispectral scaucner

from an aircraft platform was used to map the synoptic dispersion patierns
of plumes from the Hudson River and ocean dumping. The ocean dumping plume :'_ %
wes from amcid waste dumps in the Apex on April 13, 1975. Results indicate -
 thet the types of plumes may be identified from remotely sensed speciral

responses without concurrent ses truth., In addition, perticle size distri-

butions from the sea Ltruth measurements provided information to further

S L S

' characterize the river and gcid weste dump plumes.
Digital dets anelysis techniques were nsed to develop quantitative ' o i
relationships between remotely sensed datas and the two water quality » ' -

parameters of interest, suspended sediment and chlorophyll-g. Due to the -
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! i
"high correlation in the meesured velues of these two parameters in the sea b
truth program, it was not possible to debermine unembiguous distributions
of these parsmeters; however, their mutual changes bhave been used to map the
., dispersion of the Hudson River plume,
Qualitative and quantitabive mepping of pollution related festures were ]
made for the New York Bight Apex. Additionel sets of deta with expanded
see truth measurements will be required to further evslvate the analysis ¥
techniques applied to this set of'remotel'y sensed daba.
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TABLE I SPECTRAL CHARACTERISTICS OF THE QOCEAN COLOR SCANNER

TEN CHANNEL SCANNER WITH 75~METER RESOLUTION,
SPECTRAL BAND:
433 WANOMETERS -+ 10 nm,
¥ 71 NANCMETERS + 10 nm,
509 NANOMETERS + 10 nm,
# 547 NANOMETERS + 10 nm,
¥ 583 NANOMETERS + 10 nm,

620 WANOMETERS + 10 mui,

* 662 NANOMETERS + 10 nm,
698 NANOMETERS + 10 nm,
733 NANOMETERS + 10 nm,

772 NANOMETERS + 10 nm,

* DIGITIZED ONBOARD U2,

INTERNAL CALIBRATTON ONCE FER SCAN LIVE.
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TAELE II SEA TRUTH MEASUREMRITS¥

SUSPENDED SEDIMENT
CONCENTRATION
mg/l
6.1%0
3.210
1.700
8.380
2.710
2.3210
1.160
£.290
2.550
1.930
1.060
- 3.600
0.460
9.030
0.680
0.560
0.7.0
1.69C
1.360
0.690
1.730
0.790
. 580
5.160

#0nly date in the 0CS scan are shown.

#4Tn acid waste plume,
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CHLORCPEYLL 2

CONCENTRATICK
mg/m3
15.0C0
L.600
5.300
2k. 300
é.hoo
6.600
5,060
15.300
ik.oce
k. 600
3.80C
17.60¢
2.700

-
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TABLE IIT REPR:SENTATIVE RADIANCE VALUES AT THE SEA TRUTH STATTONS

Station OCS BAND RADIANCE
mw/em“~ster-im
Band
1 2 3 L 5 6 T 8
1 23,94 19.68 1bh.52 11.72 9.16 6.66 5.00  3.00 }i-,
2 24,57 20.35 14.89 12.09 9.36  7.01  5.26  3.37
3 23.7% 19.93 1h.68 12.07 9.61 7.0k  5.08  3.09
6 23.77 19.66 1h.51 12.0% 10.k9  7.98  5.90 .00
7 - 23.54 J19.62 1hk.h1  11.98 9.82 T.00 5.00  3.00
8 23.08 18.67 13.4k5 11.00 8.88 6.00 h.l? 3.00
9 23.5% 19.70 1k.53 11.08 9.00 6.19 ~ 5.00  3.00 ;
1 23.1k 18.89 13.58 11.k6 10.00 T.00 5.00  3.10 | E
12 23.h§ 19,36 13.9% 11,28 9.01  6.60 5.00 . 3.00
13 23.42  19.45 1Lk.,00 11.12 @ 9.00 6.12 5.00 3.00
1k 22,90 18.37 13.k0 10.38 8.00 6.00 L,oo 2.9k
16 22.96 19.3% 1k.25 11.b5 ©2.88  T.07 5.07 3.30
T 22.ky 18,08 13.32 10.72 8.17 5.98 k.00 2.98
19 22.83 18.h9 13.47 10.93 8.12  6.00 k.17  3.00
20 22.75 18.92 13.4k5 10.08 - 8.00 6.00 4.00 3.00 -%
22 22.31 18.05. 13.51 1o0.k1 8.2  G.00 k06 3.00 |
2k 23.05 18.66 13.45 1lo.k7 8.02  6.01  5.01 © 3.60 |
25 22.71L  17.93 12.k6 9.50 T.03  5.k1 - Lk.oo 2.81 /
“x1 23,05 18.79 13.59 11.15 8.58 6.02 4,84  3.00 3
X2 22.12  18.15 13.93 11.81  9.23 6.00 k.61 3.00
X3 . 22,19 18.12 13.86 11.51 68.89  6.00 4.7 3.00 ?

X6 23,73 19.68 1k.4T 11.%1 9.04  6.38  5.00  3.00 B
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Figure 1. - Location of sea truth stations in the New York Biaht Apex
on April 13, 1975,
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Figure 2. - Particle size distributions for the Hudson River and
acid waste plumes, and N.Y. Bight Apex ocean water
on April 13, 1975,
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Flgu re 3, - Comparison of measured and remotely sensed values
of suspended sediment. }
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Figure 4, - Comparison of remotely sensed and measured values
of chlorophyll a,
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f _  Figure 5, - Comparison of measured values of Chlorophlyy a and
- suspended sediment at sea truth stations,
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Figure 6. - Quantitative distribution of suspended sediment (mg/f) H
in N. Y. Bight Apex, April 13, 1975,
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EROATBAND SPECTRAL PHOTOGRAPHY

Walter E. Brescetie
SUMMARY

Comparisor of brosdband black and white photegraphy at nesr-infrared
wavelengths with greer-yeilow wavelengths shows that a substance being
dumped in the New York Bight sludge dump area has a2 different spectral
signeture relgtive to the water background then deoes a substence from the
ceid dump aree. Relative to the background water, the substance being
dumped In the siudge dump erea has preater refiectance at near-infrared
wavelengthc than at green-yellow wavelengths. The substence in the acid
dump eres has gresier reflectance than the background water through both
ortical filters. In eddition, the reflectance from the subsiance in the
acid dump srem is much greater in the green-yellow spectral region than it
is in the near-infrered region.

Film density deta, obtained from the green-yellow photogrerhy., show that
weste dumping in the New York Bight incresses the backscattered sunlight
Trox the water over a much greater area than the designeted dump site aress.
It is eclegr» from the photography that acid waste is the primary substance
responsible for the increased backscatterea sunlight, but the green-yellow
waweiength deta suggests ﬁhat sludge dumping is aiso ccntributing.

Film density date Indicate that upwelling radisznce is greater from

leceticons in the dunp site erez which ccntained less then 2 milligrers per

liter totel suspended materiel than from non-dump cite zreas which ceontained

L to 9 miiligrems per liter.
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INTRODUCTION | |
An objective in the MASA Langley Lesearch Center remocle sensing program
is to demonstrate that information derived from remote sensing of
4

chlorophyll-a end suspended sediment can be used to control ticdegradable
weter polluticn., In reference 1 it is shown tham'chlorophyllng_produced by
blue-green phytoplankton cean be remotely mepped with a necr-infrared
detector when the concentration of chlorophyll-g is greater then 3b ue/l - a
- condition commonly referred to as a phytoplenkton "bloom." Fowever, as
pointed out in reference 2, a "bloor" is e criticel biodegradable ccndition
where additionsl energy input above the ”bloomh level becomes a stress, and
the system becomes poisoned. Therefore, it is desireble to detect end
ronitor phytoplankton growth below "bloom" concertrations in order te
provide biodegradable pollution control infcrmation. In reference 3 it is
shown thet below "bloom" concentrations the backscattered radiance through .

the optical filters flown was not proportional to chlorecphyll-a concentraticns,

- —— .
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and an optical filte&ing system for identifying the chlorcphyll-a back-
scattering from the total backecattered radiance is proposed. The major_
objective of the present reported photographic mission wes to determine the
effzctiveness of the opticel filtering system proposed in reference 3 for
separating chlorophyll-a~containing phytoplankton radiance from total

radiance vhen the concentration of phytoplankton is below "bloom" conditicms.
EXPERIMENTATL, METHOD

Two photographic missions wer: flown at an altitude of 5.3 kilometers (km)
by en FASA, Wallops Flight Center, C-54 aireraft. One on April 10, 1975,
between the hours of 10 a.m. eand i1:25 a.m. eastern daylight time and the other
on April 13, 1975, between the hours of 9:53 a.m. and 11:03 a.m. eastern day-
light time. Vour Hasselblad cameras were used in the missions. A description
of the camera system and the C-54% aircraft is ineluded in reference & along with
pertinent documentation of the overall remote sensing missions. The camera
settings and ©ilm type used for the mission are shown in table 1.

The time freme of both missions was over the later portion of the
calculated sunglint free photographic window for a morning flight, 9 a.m. to
11 a.m. e&sterh daylight time. The calculated thotographic window is
dependent upon the location of the remote sensing site, the day of the year, the
field of view of the camers system, end thé condition of water sufface
rouglness. Since weter surface roughness is not predictatle in advance,
celeculations to determine ﬁhe sunglint free window were based upen & smocth
vater surface. Any increase in sunglint effects from surface vaves was

expected to be overcome by overlapping the photographs S50 percent. In figure

1 are shown the photographic flight lines over the New York Bight test site,
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and the approximate location of the photographs taken during the April 10,
1975, mission. It can be seen in figure 1 thet 50 percent overlap of the
photographs oeccurred on three of the five flight lines, evidently, when the
aircraft was heading into the wind. For the other two flight lines the over-
lap was on the order of 20 percent.

The Hasselblad cemeras were equipped with different optical filters.

The spectrel transmittence (T) of each and the type used is shkown in figure 2.
Ldditionel informetion concerning the filters can be found in references 5
and @.

The bandﬁidth end locetion of the opbticel filters were selected Lased
on the following:

The narrow-band filter centered st 525 nanometers in figure 2 integrsates
the radiance sround the ecentral wavelength where, as shown in reference.T,
the ratio of the diffused backscatiering to diffused sbsorption coefficient
of’ chlorophyll-a is equal to that for water. It is also showﬁ {ref. T) that
for wavelengths less than this central wavelength the rstic of diffused
backscettering tp absorption coefficients of chlcroyhyll—g_is less than the
ratlo for water, and av wavelengths greater than this central wavelength the
ratio is greater. Thué, since.the diffused Eackscattering to sbsorption
coefficient ratio is proportionél to reflectance {ref. 7), it is expected
that fhe radiaﬁce integraﬁing narrowbend £ilter centered at 525 nancmeters
will not detect radiance varieticns from chlorophyll-a in water. Therefore,
it is agsumed that it will be uSeful'for.déteéting ﬁariations in-r&diance.
from suspended matter, ineluding other substances in the_phytoPlankton that

contain the chlorophyll-g. In referenée T thé wvavelength st which the ratio

of diffused backscattering to diffused ebsorption coefficients of a particulate

is eqgual to that for water is celled the hinge point wevelength.
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In Tigure 3 transmission spectrums of itwe concentrations of tlue-green

vhytoplenkton Anacystis Merinus, relative to its suspension solution,

illustrate the concept of hinge point wavelengths. The transmission spectrums
were obtained from a Cary 1l spectrophotometer (ref. 8). The transmission

spectrum of Anacystis Marinus for the heavier concentration is represented

by the solid curve. It can be seen in figure 3 that the transmission spectrum

of the heavier concentration of Anacystis Marinus phytoplankion crosses the

transmission specfrum for the lesser ccncentration ot three wavelengths,
These hinge point wevelengths, illustrated in figure 3, are st spproximately
220, 570, aﬁd TO0 nenometers. AL wavelengths less than 520 nanometefs the
relative transmission decreases, between the Wavelengths of 520 and 570
nenometers increases, egein decreéses between 570 and TCO nancmeters, and,

finglly, incresses agsin beyond T00 nanometers with ineressing councentration

of ehlorophyll g in Anacystié Mgrinué phytoplankton. The kinge points
illustrafed by tke tfansmissioﬁ spectrums in figure 3 are nct necessarily
located at the same wavelengths as hinge points from reflectance gpectrums,
because trensmission specirums cen consist of both diffused and direct light
while reflectance spectrums consist of cnly diffgsed light. Thus, the central

wavelength for the narrowband filter that must normelize chlorophyll g

- reflectance with varying concentration was selected 2t 520 panemeters from

results of the study in reference T end not from the trarsmission spectra
shown in figure 3. This optical filter is labeled 525 B-3 filter and called
the suspended sediment filter in figure 3.

% is further shown in reference T that the bhackscettering radisnce gt
560 nenometers from chlorophyll & concentrations betwsen 1 end 30 ug/l is

élways greater then the radisnce from water. This is elso indicated by the
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transmission spectra in figure 3, because between the wavelengths of 520
and'STO nanometers transmission relative to water incfeases when chlorophyll a
indreases. The narrow-band filter with the central wavelength located at

554 nanometers should be able to detect the chenge in upwelled radisnce from

|
| verying concentrations of chlorophyll g helow the chlorophyll a cencentration
I

of 30 yg/l. However, as shown in reference 3, the upwelled radiance from the

ey pmragar

. , chlorophyll a would be combined with the upwelled radiance frem all other -J
substances in the water, and aust be separated from these substances in order
to be useful for mapping chlorophyll a in a body of water. Therefore, it is A
surmised that the upwelled radiance from chlorophyll a concentrations below

3l ug/l can be obtained by & differencing or & ratio technique utilizing the

T e STy ST

; radience values from the two narrow-band filteres shown in figures 2 and 3.

The 89B near-~infrared filter in figure 2 must be flown simultaneously
with the two nerrow-band filters to determine if the weter ares under
surveillance is phytoplankton "bloomed," because as shown in reference 2, the
two narrow-band filter systems would be reguired for "unbloomed" phytoplankﬁon

water. In the "bloomed" water areas the concentrations of chiorophyll a could

be determined from the neasr-infrered system alone (ref. 1).

The 12 yellow filter in figure 2 has two purposes. It has potential for
identifying phytoplankton color groups in phytoplankton "bloomed" wster, as
it did in reference 3 for blue-green phytoplankton, and the 12 yellow filter,
i along with the other filber systems, has a potential for detectirg radisnce in %>

"nonbloomed" phytoplenkiton water from large perticulsies, becsuse it fills
the rediance spectral gep, between 580 and TOO nznometers, not covered by tke

cbther filters.
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_ the cameras functioned. On both days the 89B (rear-infrared} Wratten opticsl

opticel filter system on April 10, 1975, end the 525 (blue-green) B-3 Baird

eireraft sl the time of the mission, is responsible for ihe poor perfcermence
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Increasing concentrations of large perticuletes are expected to increase
reflected.radiance from."nénbloomed" phytoplankton water in the yellow and
red regiong of the spectrum. This increased reﬁlecﬁed radiance froz large
perticulates is shovm theoretically in reference 9 and 35 believed fc te
seen through the 12_yellcw filter in photography over the Potomae River

{ref. 3).
RESULTS AND DISCUSSION

Presented in figures 4 and 5 are 276 positive prinks of photographs thet
vere talken with the Hasselblad cameras over the Hew York Bight from 5.3
kilometer sltitude on April 10 aund 13, 1975. The negatives of these prints
are retained at the Chesapesake Bay Ecologicel Program Deta Center, Wellops
Island, Virginie, 233T77. The photographs taken on April 10 ere shown in
figure b and those teken on April 13 in figure 5. The positive prints,
because they sre reproduced from the negatives, do not ghow es much detail as
cen be seen in the negatives. Positive transparencies, which show more detail
than the positive pfints, but less then the negatives, were used to oktain the

photographic f£film density dats used in this report. On beth days only two of

filter system operated ir addition to the 55k (green~yellow) B-3 Beird-Atomic

Atonric optiesl filter system on April 13, 1975. It is believed that the very

cold temperature (~16 degrees C), éxisting in the camers compartment cf the

of the cemera system. ‘The cameras which operated, operated intermittenﬁly.

This can be seen in pictures 6, T, 8 from the 554 (green-yellow} B-3 Baird-
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Aiomic optical filter system in figure } and the lack of pictures 4L through
50 for the 525 (blue-green) B-3 Baird-Atomic optical filter system in

figure 5. Because of the poor operating performance of the carera system any
reference to loecation of festures seen in the pictures relative to land is
guestionable, except in photographs vhich inelude land features or Inown buoy
systems., In some cases,features seen in the pictures of one flight lire were
elso seen in the pictures from the adjacent flight lines due to overlap of
the photogrephy, see figure 1 and pictures 6, T, 8, 35, 26 of figure 4. When
this happened the location of the pictures between the two flight lines
hecame more exact.

The bright hemispherical spot originating on the border of nearly every
picture in figures 4 snd 5 is the image of the Sun reflected off the water
surface. The Sun imsge is generally largest in area in near-infrared
phctogrephs, becsuse the upwelling light (radiance from the water body) is
very wesk at near—infrared wavelengths. The weak upwelling light produces
hetter contrast with the surface reflected Sun image in the neer-infrared
ﬁhotographs than it does at other wavelengths , beceuse at ihe other wave-
lengths the upwelling light is much greater. See pictures 2, 3, b, and 5 eof
figure be end b. Whenever the imege of the Sun eppears ir & rhotograph, the
remotely sensed dete obtained from that area of the phctogreph are not useful,
because the direct reflection of the sw. off the water surface produces
dragtic effects upon the variation in off-nadir radiasnce that is not detected
st other szimuth angles.

Many of ithe near-infrared photogruphs, figures hg and Sa, contain white
fuzzy 1ines; These lines.are caused by light flashes in the caﬁera, from the

diseharpe of static electricity that builds up on 242k near-infrared film.
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A bright area, which appears to be symmetrical ebout the center of eack

~ picture, cen be»seen in all the scenes of figures U4b snd 5b. The intensity

of this bright sree increaseé= in generel, in photographs taken along the
Plight line as the aircraft heads tcward_la;dQ and, decresses when the air-
craft heads toward the open sea. See pictures 1 through 20, 33 through Ly,
and 61 through T4 with the aircraft heading towards land, and 21 through 32
end 48 through €0 with the aircraft heaﬁing.out to sea in figure Ub. The
intensity of the bright erea, in generzl, is stronpgest near ihe center of
each photograph and diminishes with increasing distance from the center of
cach photogreph. It is showm in reference 10, from densitometer traces over
rhotogrephs exposed from 3 kilometers altitude through twe of the Hasselblad
cameres used in this photogrephic mission, that the center of photographs are
exposed to & higher degree than the edge. This effect is normal in phote-
graphy, and is cauéed by camera-lens, off-axis, falloff, which in some camera
syst;ms must be corrected by as much as 1/{cos 6)12, where 0O is the argle
off the principal axis of the lens (ref. 11). However, for wide angle remote
sénsing the camere-lens, off-axis, falloff is not.the only off-sxis variable,
because atmospheric backscattering also varies from the center cf the picture
to the edge of tﬁe border. The atroerhoiic hackseattering ineresases from

the center of thehﬁhotograph to the edge of the £ilm, and_the increase is
dependent upoﬁ increasing distence from the cemera to‘the point of concern in
the weter. Sirce the increase in distance, siﬁilar to camers falloff, is
dépendént uponb G, the iﬁcreééed off-axis backscattering of sunlight compen-
sates somewhat for the camera~lens, i.e.? off-axis, falloff. Thus, the
calibfation of off;axis falioff must be performed duriﬁg ﬁhé.photographic

mission to account for estmospheric effects for a particular dey. Whenever

B T
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off-axis radiance deta are presented in this report it will heve been
normalized to nadir by multiplying it by a correction factor that is dependent
uponn the off- .adir viewing angle. The correcticn factors were obtained for
each filter-film-camers system from densitometer traces through the center of
photographs 61 (a and b) on April 10, 1975, and 1% (2 and b) on April 13,
1975. TFor the reasson previously explained, these correction fectors cannot
be applied in aress of the photographs containing the Sun's image.

In addition to camera~lens falloff and aimospheric backscattering, a third
element affects the radiance values that expose the photographic film in
combination with upwelling radiance from the water body. The third element
is reflectance off the water surface of diffused sunlight. In reference 9
it is shown that reflectance of diffused sunlight from a water surface is
essentially constant with a variation in Sun altitude wken the sltitude cf
the Sun is sbove 34 degrees. Since the altitude of the Sun wes shove 34
degrees for both photcgraphic missions discussed in this report, it is
assumed that the reflectance of diffused sunlight from the water surface is
.essentially constant in g1l photographs.

Beceuse the altitude and camera system is the same for each flight line,
the camefa;lens falloff, the atmospheric backscattering, end tﬁe diffused
reflectance off the water surface were assumed constgnt in consecutive
photogrephs slong the same flight line. It then fbllﬁws from these
gssumptions thai the general increase in brightmess al the center of each
photogreph (nadir) elong the seme flight line with the aircreft heading
tovard land, and the decrease. when_the_aircraft is heading towards the CPEL
sea, must result from increasing or decreasing upwelling radiance. It is

further sssumed that the general decrease in upwelling radiance slong esch
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_flight line as the aircraft heads oub to sea results from the settling of
reflecting substances being discherged from the rivers that flow into the
Néw York Bight water,

In some photographs adéitional light scattering festures can he seen in
the water. This is most evident in pictures 6, 7, 8, 35, 36, 39, L0, 5T and
58 of figure 4b, and pictures ¥, 10, 34 end 35 of figure 5b. These features
and their approximate locations are more easily seen in Tigures 6, T and 8.
Figures 6, T and 8, along with figure 9, are compcsite figures mede from
their ecorresponding photographs shown in figure k and 5. Figure 6, which is a
composite made from tﬁe photographs in figure 4b, shows the features best.
However, the features seen within the circle labeled sludge duvmp sares in
figure 6 are seen, becguse their reflectance is less than, while the festures
in the sres lsbeled acid dump area are seen, because their reflectance is
gregber than the background water. In figuwre 7, a composite made from the
near infrared photography of figure la, thé seme Teabures can elso be seen.
However, the festures within the circle in figure T are now seen, because
their reflectauce is greater then the background yater, while in figure 6
the same fesiures were seen, becsuse their reflectsnce wes less than the
.background water. In figure T the féatures in the acid dump sres are seen,
because their reflectance is slightly greeter than, while in figure 6 these
éamé fegtures have a much grester refléctance tﬁan the Background water.
Therefore, the substance being dumped within the circle in figures 6 and T .

_must be & differeﬁt substance fh&n fhat.in the eeid dump.aréa, hecause it
has different reflecting properties 1 dative to_the background water through
the tWo'Brdadband optical fiiters. Since the loéation cf the circled erea

in figures 6 end 7 relastive to the area labeled acid dump srea is consistent

by
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1ho
with the designsted dump areas for waste sludge and waste acid, shown in
reference 4, it is assuméd that the substance being dumped within the cirele
in figures 6 and T is waste sludge and the substance in the acid dump ares
must be acid residue. If this assumption is correct, it shquld be voasible
to distingnish waste sludge from waste acld by a remote sensing technique.
It iz also apparent that the substance being dumped within the cireled ares
of figures_ﬁ and T has 2 hinge point wavelength, because at some wavelength,
between the broadband optical filters used in this photography, the substance
must have the same reflectance properties as the background water. The
significance of & hinge point wawelength for the sepesration of one substance
in water relative to another using a remote sensing technique is discussed
in reference 7.

In figure B brightly reflecting features are visible from the water
through the 525 (blue-green) B-3 Baird-Atomic optical filter. These bright
features are labeled as drifting acid residue in lieu of sludge residue,
because their locabion coincides more with the seid dump erea than it does
with the sludge dump area, and their reflectance is, as it wes in figure 6
through the 554 (green) B-3 Baird-Atomic opticel filter, much greater than
the background weter. The fact thet its reflectance is greater than the
background water through the 525 {blue-grcen) B-3 Baird-pAtomic filter is

important, because it relates to the assumed signeture of acid and sludge

obtained from figures 6 and 7, and illustrates the significance of the

spectrel response of reflecting substance for specific identification of

these gubstances.

The sludge dump area cennct be identified in the photographs tsken on

April 13, 1975, because there are no easily identified areas in figure 8 where

i
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visual observetion shows refleciznce from substances o be legs then, and in
Tigure 9 greaber than, the beckground water.

In figure 10 is presented the varigtion of ngdir radiance through the
554 (green) and 89B (NIR) optical filters along %5ran line 4640 on April 10,

]

1975, versus miles from Staten Island. The radiénce is in the form of
relative film transmittance, En’ obtained from densitometer traces over the
center of positive transpsrencies of photographs 33 to 47, figures 1 and U,
from which has been subtracted relative film transmittance through the
unexposed portion of the film. The nadir radiance values are unique in
remote sensing, because they result from the perpendicular viewing distances
through the atmosphere and into the water. As such, relative to each other,
they require no off-nadir atmostheric or carera-lens corrections. In eddition,
gince they are always in the plane of the sun, any effect upon radiance values

from the varistior in sun azimuth argle shonid be normeligzed,

In figure 10 the value of B, ot each location through the 554 (green)

optical filter is glwvays greater than the value of Rn through the 89B (WIR)

optical filter. Through each optical filter the value of Pn is greatest
over 1and, end least for the two date points beyond 33 nautical miles from
Steten Island, labeled uniform weter in figure 10. The two constant velues
of Rn through each opticel Tilter be&ond station 33 were obtained from
photographs 33 end 34 in figure 4. ‘The dashed lines, drewn through the

minimum, constant values of Rn’ in figure U, represent the radisnce values

for uniform water. Thus, the deshed lines in figure 4 are base reference

values for incressed upwelling radiance resulting frem suspended materials

during this remote sensing mission.
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In figure 10 there is a general décay in Rn through both optical filters
as distance from land_increases. The general decey in Rh is distributed over
twa areas; one area where the photographs showed that heavy ciouds existed,
end the other is over the waste dump area. The increase in Rn over the
veste dump area, between 22 and 34t nautical miles from Steten Island, is much
more prominent through the green filter system than through the neer-infrared
filter system, but the increase in Rn over the cloudy area, tetween 12 apnd
15 nautical miles from Staten Island, is more prominent at near-infrered wave-
iengbths. Thus, there is a spectral differsnce in reflectance between clouds
end the substénces being dumped in the waste dump areas.

The increese in Rn over the waste durp area indicates, from the stané-
roint of biodegradable pollution, thet a substance being dumped in the waste
dunmp erea is reflecting sunlight out of the water that, otkherwise, might bte
aveilable for photosynthetic activity. The extent of the effect of the
waste dump area upon reflected sunlight can be seen better in figure 11.

In figure 11 Rn from esch over-wgter photograph obiained through the
55k (green) opticél filter on April 10, 1975, is plotted, for each loran
line, egainst distance from Staten Island. Also drawn on the figure are twe
dashed cifclés. The smeller of the two circles encloses the aree where
visitle dumping is taking place during the photographic missgion, and the
larger circlé is the areé ﬁhere tﬁe ra&iance from féatur&s in the water is
very rrominent ig figure 6. The location of the smaller circle is alsc
consistent with ﬁhe lécation cf the designated wéste sludge duﬁp aresz, and
the larger cirele with the designated acid waste dump area.

In figure 1l there is & high value of Bn' along each loran line that

increases in velue from loran line L55C to loran line 4610, At loran line LE1C

I
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R peeks, and then decreases again toward lorar line 4€70. 'This ridged velue

n

of P‘n is shown by the solid line across the data. The peak value of P‘n on

loran line 4610 appears to be inside the designated scid weste dunp aresm.

In front of the high value of Rn on eesch loran line there is a

derressed velue of Rn-‘ The depressed value of R " decreases in value Trom i

™

loran line 4550 to loran line LEMO and then incresses agazin to loran line L670. |

The depressed value of Bn

aprears from figure 1l that the minimumm depressed velue of Rn’ alcng loren

line 4640, is in the designated waste sludge dump ares. It slso gppears,

is shown by the dashed line aseross the data, It

A

since the depressed value of Rn precedes the inereased value of Bn along . “

each loran line, that st optical wevelengths transmitted by the 554 (green) ?
i

filter the upwelled radiance from the sludge weste arce is less than from the
ecid weste area. This is the same conclusion arrived =t from analysis of
figures 6 and T, but, in figure 11, it appears the influence of the dumping
of sludge and acid waste upon Rn is muck more extensive in aree then the
designated dump sitéé. It is also seen in Pfigure 11 thet tke photogrephic
mission dié not overfly the complete ares influenced by waste dumping, sirce
the tﬁo outer flight lines s'l",ill experience increased vslues of Rn et
disternces out to ser consistent with the location of the weste duwp arees. ;
The effect of waste dumping upon the varistion of | Rn did not change
appreci_.a.bly from April 10, 1975, to April 13, 1975, because, as shown in
figure 12, the veriation in Rn along éach ‘loran line obtained from the .525
(blue-green) optical filter syster shows the depressed velue of Rn
preceding en increasing .value of Rn when .th:: waste dump srees are cverilown.
R, from each over-waterphotogreph through the 525 (blue-green) optical

filter on April 13, 1975, is shown in figuve 12 by the squere symbtols, and
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Rn from each over—ﬁa.ter photograph through the 554 (green) opticel filter
on April 10, 1975, is represented by the circles. Rn is plotted against
miles from Staten Island in a staggered formetion to isclate Rn g

each loran line from both days. The dashed lines in figuz_'e 12, shown and
discussed for figure 10, are the minimum values of Rn for each filter-film
camere system, The minimum value of Rn was different for each filter-film
camers system, and on April 13, 1975. was obtained on only loran flight
lines 4B6LO end 4670, perhaps, because the flight lines did not extend as fer
out to see on that day as they did on April 10, 1975. Nevertheless, it is
clear in figure 12 thasbt the influence of raste dumping upon Rn - was as
extensive on April 13 as it was on April 10.

Since not a single in situ data area visited by the boat or the heli-
copter ocecurred in the center of a photograph, it was impossible to relate
Rn to in situ date in this experiment. This was expected prior to the
photographic mission, because in an sres as extensive as the New ‘.forl; Eiéht,
a vhotogrephic mission from 5.3 km altitude cannoct be preplanned,.t’o' pinpeint
the center of a photograph to e specific loeation. In future experiments,
the celibrebtion of the optical filter system with in situ weter data might
better be acconmplished from a heliéopter. Frem a he;licdpter the remote
sensing dete could be teken over a location at tize saxe time as tke in situ
water dé’.’ca.

Even off-npedir radiance date, R, ﬁ;.s not obtained ir this experiment
ffom meny of the in situ dsta point loca.tions., 'because- the lack of 50 pércent
cverlap in the photograephy placed the boat, and some of the helicopter in situ
dete pbint locetions in the sunglint sreas of the photographs. in 211, only

eight in situ data points were considered useful for enalysis of the
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ppotographic radiance date. These were from the helicopter, and were
restricted to April 13, because the helicopter did not fly on April 106. On
April 13 two types of in situ data were obtained from helicopter dip samples;
the coﬁcegtraxion of ¢hlorophyll-e and the total suspended material weight.
Since two of the photographic systems did not operate on April 13, the
calibraticn of the optical filtering system could not be accomplished with
the chlorophyll-ga data.

APresented in figure 13 is the variation of R through the 525 (blue-
green) optical filter obtained from the ir situ date point locetions on.
April 13, 1975. R is plotted versus messured total suspended materisl
weight in surfece semples obtained from these same locations. Detz points
from the waste disposel areas are represented by the cireles, and those
considered to be coutside of the waste disposel areas by the sauares.

It is seen in figure 13 that the varietion of R in this experiment is
not very sensitive to total suspended material weight measured in surface
samples, because with a factor of 10 variation in total suspended meterisl
weight R &id not vaery appreciably. % is elso gpparent that the remote
sensing data shown here is affected more by other parameters in the water,
since R is greastest in the waste disposal areas where the total suspended

materisl weight in surface samples was the least,
CONCLUDING REMARKS

The'major objective of this photogrephic experiment, the remote.
quantification of chlorophyll-a in chlerophyli-g containing phytoplenkton
when phytorlankton "bloon” conditions do not exist, was not accomplished,

because of camera system melfunctions. However., some important results,
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concerning the New York Bight waste dump srem, were obbtained from snalysis
of radiance dghea through the camers systems that did operate,

Comparison of hroﬁdband black and white photography. exposed through an
opticel filter that transmits only near—infrared wavelengths (700 to 900 nm)
with photography exposed through an optical filter that transmits only green-
yellow wavelengths {530 to 580 mm), shows that a substance being dumped in
the sludge dump area, assumed to be sanitation sludge, has a different
spectral signature relative to the béckground.water than does & reflecting
substance from the acid dump area, assumed to be aclid waste recidue.

The substance being dumped in the sludge dump ares has a greater
refledétance at near-infrared wavelengths and a lesser reflectance at green—
Yellow wavelengths than % e beckground water.

The substance in the acid dump area hss a greater reflectance than the
background water through both optical filters. In addition, the reflectance
from the subsience in the acid dump ares is much greater in the green-yellow
spectral region than it is in the nesr-infrared region.

Film density data, obtained from the green-yellow wavelength photography.
show that waste dumping in the New York Bight increases tihe backsesttered
suntight from the water over a much grester area.thén the designated dump site
aress. It is clear from the photogrephy thet acid weste is the prirmary
substance responsible for the increased backscattered sunlight, but the
green~yellow wavelength detae suggegts that sludge dumping is also
contributing. |

Film density data, from locastions on thotographs where in situ measure-
ments of total suspended ﬁéterial weight in surface samples were cobtained,

indicate that upwelling radiance from areas in the dump site area containing




1hg . . :
less than 2 milligrams per 1liter totel suspended material weight is greater _ - #

than radisnce from non-dump site areas that contained values of totel sus-

pended material weight up to 9 milligrams per liter.
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aBaird—Atamic B-3'optical filter with central wavelength of 554 and 525 nsnometers

TABLE 1.~ PHOTOGRAPH SENSOR. COMPLEMENT AND CAMERA SETTINGS -

Focal Film
length Filter format
mn mm
(in} {in}

%0 554 {green-yellow)? 70
{1.57) (2.76)
%0 525 (blue-green)® 70
(1.57) (2.76)
40 12 (blue-red)? 70
(1.57) : (2.76)
Lo 898 (near- . - 70
(1.57) infrered)® {2.76)

bKodak Wratten optical filter number

“Kodak Film number

Film typec

2402 Black & White
2402 Black & White
2L02 Black & White

2k2h Black & White

Speed
(sec)

1/250

1/250

1/250

1/256

T
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11

5.6
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RADSCAT WIND MEASUREMENTS

OVER THE NEW YORK BIGHT
By
L. C. Schroeder, W. L. Jones, and J. I. Mifchell»
TNTRODUCTION

© On April 17, 1975, the Advenced Applicstions Flight Experiment (AAFE)

radiometer/scatterometer (RADSCAT) experiment was conducted in the New York

.Bighi es o part of the:NOAA/NASA'MEéA Program. The objective.cf this

‘experiment was to demonstrate the v1ab111ty of the radar remote sen51ng

'technloue for measurement of ocesn surface wmnd vectors anﬁ to provzde these
meesurements at selected sites for the investigation of wind-induced ocean

currents in the bight. This report describes the RADSCAT measureménﬁ

technlque, presents the 1nferred w1nd vectors, and compares the radar derlved

wind vector wlth "vurface truth” (tower wmnd vector measurements) The wind~

induced ocean currents portion of this investigation is a NOAA responsibility

and is not discusséqih this report.
| EXPERIMENTAL TECHNIQUE

Alrcraft radar scatterlng measuremenﬁs vere dbtalned u51ng the AAFE

RADSCAT 13.9 GH scatterometer* operatlng'onsthe NASA Johnson SBpeace Center's

 0-130 sircraft (NASA-929). RADSCAT was mounted to the ramp. (lower cargo

door) and was configured so that the antenna scenned across the aircraft

¥The reader is referred to referencé 1 for an in-depth discussion of the
AAFE RADSCAT instrument.
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1Th
ground track (fig. 1}. During the ocean measurements, the aircraft performed
a series of counter-clockwise 360 degree (360°) turns (20° bank angle), while
the antenna was pointed to the left (inward) side of the aircraft at an angie of

50° from the eircreft verticel axis. This meneuver permitted the antemma to

»illumirzla.te approximately the same surface areas while undergoing continuous

szimuth rotetion as iliustreted in figure 2. The polarization was transmitted

horizontal, received horizontael end the incidence engle was 30%.

In meking the scatterometer measurements, the quentity of interest is the

- scattering coefficient. _O? " which is a measure of the oecegn-reflectivity.: For -

incidence engles grester than 25 degrees off the nadir, the mechanism for

‘backscatter is & resonsant. (Bragg) scabtering from ocean waves whose lengths are -

of the order of the microwave wevelength. At 13.9 GlU_ the ocean OO0 .is

-@ireectly.proportional to the emplitude of centimeter or capillery ocesn waves.

Since the generating force for capillary wave growth is the wind stress at the

mir/ses interface snd since the time constant for ‘this wave generation is a few

seconds, these radar scatterers are in equilibrium with the loecal surface

winds. Thus the radsr remote senﬁné‘teckmiqﬁ&i is to -iﬁ:[‘er:windsppéd”frofn a

measurement of @ .
In 'bh'ﬂs exnerlment raﬁa:c ds.ta taken durlng four c:.rcle fllght pai‘berns

at each preselected S:Lte. were processed to produce the average scatter:mg

Hbcoefflc:lent as 8 i\mction of i‘l:.ght d:.rectlon (azlmuth), as shcnm in’ flgure 3

Prenoxs research (refs. 2 and 3) has shown that both W:Lndspeed and

dlI'eCulCJn ca.n be :Lni‘erred :.F'rom these s.n:.sotrop:.c sca.tterlng s:x.gna.tures. A5

_previously statecl, the _do is proportmnal to the surface fricticnal 7
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windspeed; hOWEVeT,.thiS'ié a difficult quantity. to measure. Eistorically the
. 3

neutral stability windsveed at 19.5'meters (m) altitude has been used by

 resesrchers as a géophysical parsmeter to be correlated with radar scattéring

‘messurements. An exsmple of these radsr scamterlng swgnatures for three

dlflerent ocean 19.5m wxndupeeds is shown in flgure i, where the ab501ssa

is thé rader azimuth reletive to the crosswind direction. Note that the o°
monofdhicélly'incréésés vifh éindsﬁeéé.ﬁnd each plot ié a quaéi—éine;wave 3f
twice the frecuency of the azlmuth angle. The peasks occur in the upwind and
.downw1nd dlrectlons and the minima 1n uhe.crossw1nd dlrectlon, addltloqally,
the wpwind peak is sllghtly greate- than the &ownwlnd peak For the New York
Blght RADSCAT meauuremenus w1nd vectoas were 1nferred uslng éalibrétion"
curves similar to those ofvfigurevh. Dur;ng the gxperlment, w;ndspeed,

wind direction, air temperature, and see temperature were recorded every half

hour at the Unlteu a5 ates Coast Guard Ambrose Tower locat(d in uhe New York

Blght. These measurements were used to provlde surface truth for verlfylng the
RADSCAT jnferred wind vectors,  The mission‘was‘flqwn so that the flrst snd

1ast RADSCAT circles wouid cccur at Ambrose Tower to provide a direct cqmpari-

-vson of RADSCAT measurements wlth truth data._ In addiﬁion,.HOAA invéstigatgrs"w .

also obtalned slmultaneous current measurements from buoys at four 51tes

‘within.che test aresa..

MISSION RESULTS

The mission was flown on April 17, 1975. . Figure 5 shows the locabion of

-,sit&a"wherE_BADSCAT1ciic1§ petterns were flown, glong with & key which

*The 19.5 meter neutral stability windspeed is the surface frictional wind-

. .speed.extrapol&ted.t 19.5 meters using a logarlthmlc proflle with an. alr~se&_.
' bemperature differentisl of zero (ref. &) :
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correlates these sites with those of the mission plan. Time would not allow
teking dete at every site originally planned.
Teble I shows the wind vectors determined from analysis of the RADSCAT

o (o]
mircle data. Wiadspeed was debermined using both ¢ mean and ¢ down- -

P P AV T~ - LS T ok

wind. The results obteined were consistent. The ¢° mean values were . , s

‘obtained by aversging the windspeeds over all azimuth angles. These wind Lo j

»
e e

vector dete hiave elso been plotted in figure 6. On this figure, the sequence
of date taking is indicated by deshed lines, and vectors indicete the megni-

tude and direction of winds. From these,'res'ults, it csn be seen that the

I P

wind is nearly constent until 12:12 p.m. e.d.t. From that time and site on,
the wind diminishes in speed and thé direction becomes variable.

The wind end tempersture meesurements from Ambrose Tower are presented E
in figures 7 and 8. Aiso shown ei'e the RADSCAT inferfed wind vectoﬁ:'s. The v
first end last RADSCAT measurements were taken at the Ambrose site.

Accordingly, all othexr RADSCAT results should be considered in a qualitative

sense. Concurrent with the first RADSCAT measurement, thr Ambrose windspeed
(mee.sﬁred at 40 ﬁeﬁers ai‘bitude) dropped abruptly from 16 krots to a.pl.croximately.
10 knots while the air/sea temperature difference incressed from + 2°C to
+ 6°C (fig. T) Tﬁereai‘ter the Ambrose windspeed wWas constant while the o
air/s__ea_. tempereture difference steadily_increa.sed to + TOC by the completion 1
of the flight. VThe V.l.é.rga .e.ir'/sea témpefé.ture difference will. resulﬁ in &

_ p_e_utral vsta.blflity wiq;isp‘eed at Ambrose Tower _Which J_‘.s significantly reduced

from measured windspeeds. From reference b, the Am‘brose 10-knot wiﬁdépeedv

oy

- - &nd epproximetely + TOC ‘air[se‘:‘a‘ temperature ‘dif‘ference measured at 1300 hours

would produce a 19.5 m neutral stability .wi_ndspeed of about hf5kn0!?5,- Thus .

~

i

both RAGSCAT windspeed mea,surements at Ambrose Tower are in geod agreement

!
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with the "surfioce truth". TFurthermore, the compearison of wind direction shown

in figure 8 is alsc in good egreement.
CONCLUDING REMARKS.

RADSCAT scettering data have been used to infer windspeed and direction
&t preselected sites in the New York Bight with the intent of:
1. Demonstrating the RADSCAT's capebility =s a wind sensor.
2, Providing ground truth for current measurements.made‘
contemporarily with these measurements.
Thrﬁugh the use of "surface truthﬁ wind measuremenﬁs a£ Ambrose Tower, the
demonstration of the RADSCAT instrument was in good ag;'eement for both
comparisoﬁs.
The analysis of ocean current effects is a NOAA responsibility and is

not availsgkle at this time.
REFERENCES

1. Schroeder, L. C.; Jones, W. L.; and Mitchell, J. L.: Leboratory Calibra~-
tion of AAFE Rediometer/Scatterometer (RADSCAT). NASA TM X-T3900,
April 1976.

2. Granthem, W. L.; Brecelente, E. H.; Jones, W. L.; Schreder, J. H.;
Schroeder, L. C.; and Mitchell, J. L.: Ap Operational Satellite
Scetterometer for Wind Vector Measurements Over the Oceen. NASA TM
X-T26T72, March 1975.

3. Jones, W. L.; Schroeder, L. C.; end Mitchell, J. L.: Aireraft Messuremerts
of the Microwave Scettering Signature of the Ocean. Trans. on Ant. and
Prop./IEEE Journel of Oceenic Engineering, January 197T.

4. Cardme, V. J.: Specification of the Wind Distribution in the Marine
Boundery Layer for Wave Forecasting. Report TR 69-1, New York University
School of Engring. and Sc., March 1970. (Available as DDS No. AD 702

el ¥ b




|7 L1
TABLE |. MESA WINDSPEED DATA FROM RADSCAT MEASUREMENTS (4-17-75)
START i WIND WINDSPEED (KNOTS)
TIME DIRECTION  FROM FROM
SITE  (EDT) LATITUDE  LONGITUDE (OUT OF) MEAN ¢ °  DOWANWIND o ©
I W A -73.88 3100 10.8 10.5
7 10 35 40.38 -73.50 33(° 10. 7
6 1048 40.20 -73.46 320° 9.9
5 1105 40.10 -73.56 310° 1.9 12.0
13 1120 39. 84 -73.58 320° 9.3
12 Il 38 40. 01 -73.48 R0° .1 .1
\ Lo 1154 40. 04 -73.20 3050 8.5
= 12 12 40. 22 -13.24 290° 6.8
9 12 29 40. 40 -73.10 2459 5.5 5.4
8 12 47 40.52 -73.39 300° 6.3 5
| 13 66 40. 44 -73.90 285° 5.0
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Figure ™ - RADSCAT instrument taking data during circle flights. 3
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Figure 4, Typical scattering data from RADSCAT circle flights.
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Legend for data:
Time EDT (H:M)

Wind speed (Knots) / Wind dlrectlon

12:47
P : G\tﬁ 3/300° — 12:29 40, 5°
|k N - f . ’ 13’06 5.5/2450
ﬁ 10:08 "\l s
0. 8 /310° 07/330° !
New Jersey i 12:12
10:48 ; @\A 6.8 /290°
9.9/3202,@\‘ !‘
[1:05 '
£ T a1.9 /3100 _@\

E. R L 1:54

g 40°

' 8.5 /305°

| : ’(K 1:38 -

i ! 1.1 /3209

/
Cb\ 11:20
9.3 /320°
Figure 6. RADSCAT measurements of MESA wind vector data.
Mission 306-- April 17, 1975. :
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