
SPIE Milestone Series

Volume MS 118

Selected Papers on

Underwater Optics

Frank M* Caimi, Editor
Harbor Branch Oceanographic Institute

Brian J. Thompson
General Editor, SPIE Milestone Series

SPIE Optical Engineering Press

A Publication of" SPIE—The International Society tor Optical Engineering
Bellin^'ham, Washington USA



Selected Papers on

Underwater Optics

Contents

xiii Preface

Frank M. Caimi

Section One 2 Light in the sea

Overview S.Q. Duntley (Journal of the Optical Society ofAmerica 1963)

22 Ocean optics: introduction and overview

M.A. Blizard (in Ocean Optics VIII, M.A. Blizard, editor, 1986)

Part I. Inherent Optical Properties

Section Two

Attenuation-

Characterization

& Measurement

40 Beam attenuation

N.G. Jerlov (in Marine Optics 1976)

49 Beam attenuation and absorption meters

J.R.V. Zaneveld, R. Bartz (in Ocean Optics VII, M.A. Blizard, editor, 1984)

56 Optical properties of turbidity standards

J.R.V. Zaneveld, R.W. Spinrad, R. Bartz (in Ocean Optics VI, S.Q. Duntley,

editor, 1979)

64 The Secchi disc

J.E. Tyler (Limnology and Oceanography 1968)

70 Some relationships between Secchi depth and inherent optical properties of

natural waters

H.R. Gordon, A.W. Wouters (Applied Optics 1978)

73 Experimental study of the absorption in distilled water, artificial sea water,

and heavy water in the visible region of the spectrum

S.A. Sullivan (Journal ofthe Optical Society ofAmerica 1963)

80 Optical constants of water in the 200-nm to 200-pm wavelength region
G.M. Hale, M.R. Querry (Applied Optics 1973)

89 Split-pulse laser method for measuring attenuation coefficients of

transparent liquids: application to deionized filtered water in the visible

region
M.R. Querry, P.G. Cary, R.C. Waring (Applied Optics 1978)

vii



95 Effect of dissolved NaCl, MgCl2, and Na2S04 in seawater on the optical
attenuation in the region from 430 to 630 mn

M. Ravisankar, A.T. Reghunath, K. Sathianandan, V.P.N. Nampoori (Applied
Optics 1988)

103 A spectral model of the beam attenuation coefficient in the ocean and coastal

areas

K.J. Voss (Limnology and Oceanography 1992)

Section Three

Absorption-
Measurements

& Measurement

Techniques

114 A spectral light absorption meter for measurements in the sea

N. Htejerslev (Limnology and Oceanography 1975)

124 Absorption coefficient of pure water at 488 and 541.5 nm by adiabatic laser

calorimetry
M. Hass, J.W. Davisson (Journal of the Optical Society ofAmerica 1977)

127 Optical absorptions of light and heavy water by laser optoacoustic

spectroscopy
A.C. Tarn, C.K.N. Patel (Applied Optics 1979)

138 In situ measurements of absorption spectra in the sea

D. Spitzer, M.R. Wernand (Deep Sea Research 1981)

143 Optical properties of the clearest natural waters (200-800 nm)

R.C. Smith, K.S. Baker (Applied Optics 1981)

151 Measurement of the absorption coefficient of ocean water using isotropic
illumination

E. S. Fry, G.W. Kattawar (in Ocean Optics IX, M.A. Blizard, editor, 1988)

157 Use of the radiance distribution to measure the optical absorption coefficient

in the ocean

K.J. Voss (Limnology and Oceanography 1989)

166 A reflective-tube absorption meter

J.R.V. Zaneveld, R. Bartz, J.C. Kitchen (in Ocean Optics X, R.W. Spinrad,
editor, 1990)

178 Integrating cavity absorption meter: measurement results

R.M. Pope, E.S. Fry, R.L. Montgomery, F. Sogandares (in Ocean Optics X,

R.W. Spinrad, editor, 1990)

187 Measurement of the spectral absorption coefficient in the ocean with an

isotropic source

R.A. Maffione, K.J. Voss, R.C. Honey (Applied Optics 1993)

Section Four

Refractive

Index-

Dependencies

196 Optical properties [excerpt]
D. Eisenberg, W. Kauzmann (in The Structure and Properties of Water 1969)

200 Refractive index fluctuations in seawater

H. Hodara (in Optics ofthe Sea: Interface and In-Water Transmission and

Imaging 1973)

212 An index of refraction algorithm for seawater over temperature, pressure,

salinity, density, and wavelength
R.C. Millard, G. Seaver (Deep Sea Research 1990)

221 Size-refractive index distribution of clear coastal water particulates from

light scattering
O.B. Brown, H.R. Gordon (Applied Optics 1974)

viii



Section Five

Elastic

Scattering—
Definitions,
Characteristics,
& Measurements

230 Optics of distilled and natural water

E.O. Hulburt (Journal of the Optical Society of America 1945)

238 Measurement of the scattering properties of hydrosols
J.E. Tyler (Journal of the Optical Society ofAmerica 1961)

243 Volume-scattering functions in ocean waters

R.C. Smith, R.W. Austin, T.J. Petzold (in Suspended Solids in Water, R.J.

Gibbs, editor, 1974)

249 Volume scattering function of suspended particulate matter at near-forward

angles: a comparison of experimental and theoretical values

R.W. Spinrad, J.R.V. Zaneveld, H. Pak (Applied Optics 1978)

255 Mueller scattering matrix of sea water

G.F. Beardsley, Jr. (Journal ofthe Optical Society ofAmerica 1968)

261 Measurement of the Mueller matrix for ocean water

K.J. Voss, E.S. Fry (Applied Optics 1984)

274 Spectral variations in the volume scattering function at large angles in

natural waters

H.R. Gordon (Journal ofthe Optical Society ofAmerica 1974)

Section Six

Inelastic

Scattering-
Raman Effects

& Radiance

Models

278 Temperature dependence and cross sections of some Stokes and anti-Stokes

Raman lines in ice In

R.B. Slusher, V.E. Derr (Applied Optics 1975)

283 Raman scattering cross section of liquid water

N.P. Romanov, V.S. Shuklin (Optics and Spectroscopy 1975)

286 Transverse cross section of the Raman scattering of the vx vibration of the

water molecule in the liquid and gaseous states

I.I. Kondilenko, P.A. Korotkov, V.A. Klimenko, O.P. Demyanenko (Optics
and Spectroscopy [USSR] 1977)

289 Optical modeling of clear ocean light fields: Raman scattering effects

R.H. Stavn, A.D. Weidemann (Applied Optics 1988)

299 Raman scattering and in-water ocean optical properties
B.R. Marshall, R.C. Smith (Applied Optics 1990)

313 Simulation of inelastic-scattering contributions to the irradiance field in the

ocean: variation in Fraunhofer line depths
Y. Ge, H.R. Gordon, K.J. Voss (Applied Optics 1993)

322 Filling in of Fraunhofer lines in the ocean by Raman scattering
G.W. Kattawar, X. Xu (Applied Optics 1992)

332 Raman scattering in ocean optics: quantitative assessment of internal radiant

emission

R.H. Stavn, A.D. Weidemann (Applied Optics 1992)

Part II. Apparent Optical Properties

344 Propagation of radiation in a scattering and absorbing medium
E.O. Hulburt (Journal ofthe Optical Society ofAmerica 1943)

Section Seven

Radiative

Transfer-

Theory, Models, Asymptotic Regime

& Dependencies 348 Theoretical proof of the existence of characteristic diffuse light in natural

waters

R.W. Preisendorfer (Journal ofMarine Research 1959)

ix



353 Asymptotic radiation in a scattering and absorbing medium
M. Herman, J. Lenoble (Journal of Quantitative Spectroscopy and Radiative

Transfer 1968)

360 Theoretical dependence of the near-asymptotic apparent optical properties
on the inherent optical properties of sea water

G. F. Beardsley, Jr., J.R.V. Zaneveld (Journal ofthe Optical Society of
America 1969)

365 Influence of scattering on the diffuse attenuation coefficient in the

asymptotic region
F.J. Tanis, G.W. Kattawar, G.D. Hickman (in Ocean Optics VIII, U.K.

Blizard, editor, 1986)

375 An asymptotic closure theory for irradiance in the sea and its inversion to

obtain the inherent optical properties
J.R.V. Zaneveld (Limnology and Oceanography 1989)

386 Radiative transfer in the ocean: computations relating to the asymptotic and

near-asymptotic daylight field

H.R. Gordon, K. Ding, W. Gong (Applied Optics 1993)

Numeric Models and Derived Relationships

400 Monte Carlo calculations of radiative transfer in the earth's atmosphere-

ocean system: I. Flux in the atmosphere and ocean

G.N. Plass, G.W. Kattawar (Journal ofPhysical Oceanography 1972)

407 Stokes vector calculations of the submarine light field in an atmosphere-

ocean with scattering according to a Rayleigh phase matrix: Effect of

interface refractive index on radiance and polarization
G. W. Kattawar, C.N. Adams (Limnology and Oceanography 1989)

427 Computed relationships between the inherent and apparent optical

properties of a flat homogeneous ocean

H.R. Gordon, O.B. Brown, M.M. Jacobs (Applied Optics 1975)

438 Monte Carlo procedure for simulating the penetration of light into natural

waters

J.T.O. Kirk (CSIRO Australian Division Plant Industry Technical Papers

1981)

449 Direct and inverse irradiance models in hydrologic optics

R.W. Preisendorfer, CD. Mobley (Limnology and Oceanography 1984)

476 Dependence of relationship between inherent and apparent optical properties

of water on solar altitude

J.T.O. Kirk (Limnology and Oceanography 1984)

483 Finite-difference solution to the radiative-transfer equation for in-water

radiance

W.S. Helliwell (Journal ofthe Optical Society ofAmerica A 1985)

489 An arc tangent model of irradiance in the sea

J.R.V. Zaneveld, R.W. Spinrad (Journal of Geophysical Research 1980)

493 Volume scattering function, average cosines, and the underwater light field

J.T.O. Kirk (Limnology and Oceanography 1991)

506 Optical properties of clear natural water

R.C. Smith, J.E. Tyler (Journal of the Optical Society ofAmerica 1967)

513 Spectroradiometric characteristics of natural light under water

J.E. Tyler, R.C. Smith (Journal of the Optical Society ofAmerica 1967)

520 Influence of scattered light on underwater light field

S. Sugihara (Scientific Papers of the Institute of Physical and Chemical

Research 1977)

x



532 Ship perturbation of irradiance measurements at sea. 1: Monte Carlo
simulations

H.R. Gordon (Applied Optics 1985)

543 Self-shading of in-water optical instruments

H.R. Gordon, K. Ding (Limnology and Oceanography 1992)

Section Eight 554 Analysis of variations in ocean color

Ocean Color A. Morel, L. Prieur (Limnology and Oceanography 1977)
568 Influence of bottom depth and albedo on the diffuse reflectance of a flat

homogeneous ocean

H.R. Gordon, O.B. Brown (Applied Optics 1974)

575 Estimation of the depth of sunlight penetration in the sea for remote sensing
H.R. Gordon, W.R. McCluney (Applied Optics 1975)

579 Effects of oceanic turbidity and index of refraction of hydrosols on the flux

of solar radiation in the atmosphere-ocean system
M. Tanaka, T. Nakajima (Journal of Quantitative Spectroscopy and Radiative

Transfer 1977)

598 Remote sensing optical properties of a stratified ocean: an improved
interpretation
H.R. Gordon, D.K. Clark (Applied Optics 1980)

601 Water depth mapping from passive remote sensing data under a generalized
ratio assumption
J.M. Paredes, R.E. Spero (Applied Optics 1983)

603 Dependence of the diffuse reflectance of natural waters on the sun angle
H.R. Gordon (Limnology and Oceanography 1989)

Section Nine

Bio-Optical
Modeling &
Analyses

610 Can the Lambert-Beer law be applied to the diffuse attenuation coefficient of

ocean water?

H.R. Gordon (Limnology and Oceanography 1989)

631 Diffuse reflectance of the ocean: influence of nonuniform phytoplankton
pigment profile
H.R. Gordon (Applied Optics 1992)

645 A semianalytic radiance model of ocean color

H.R. Gordon, O.B. Brown, R.H. Evans, J.W. Brown, R.C. Smith, K.S.

Baker, D.K. Clark (Journal of Geophysical Research 1988)

661 An optical classification of coastal and oceanic waters based on the specific
spectral absorption curves of phytoplankton pigments, dissolved organic
matter, and other particulate materials

L. Prieur, S. Sathyendranath (Limnology and Oceanography 1981)

680 Light
K. Liming (in The Biology of Seaweeds, C.S. Lobban and M.J. Wynne,
editors, 1981)

695

697

Author Index

Subject Index

xi


