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Theoverdl god of thiswork isto understand in detail how varioustypes of microbia and minera
particles and dissolved substances determine the inherent and apparent optical properties (10Ps
and AOPs) of oceanic waters. In particular, we wish to quantify how variability in the detailed
composition of oceanic water determines the variability in the |0OPs (such as absorption and
scattering coefficients) and AOPs (such as spectra reflectance and diffuse attenuation
functions). Thiswork isfundamenta to the development of bio-geo-optica modelsfor Case 11
waters, for which the presently available bio-optical models are known to fail.

OBJECTIVES

We seek to answer three questions: (1) Inwhat ways doesvariability in the microbid and minerd
composition of ocean watersdetermine variability inthe lOPsand AOPs of such waters? (2) Isit
possible to quantitatively classify the optical properties of water using the Case I/Case |1
scheme? (The Case I/11 classification is based on water composition; the optical distinction
between Case | and Case Il isunclear.) (3) What information about the nature of suspended
particles can we hope to extract from remotely sensed signals?

APPROACH

We are using a database of the single-particle optica properties (absorption and scattering cross
sections, and scattering phase functions) of different types of microbes (ranging in size from
viruses to nanoplankton) asinput to the Hydrolight radiative transfer numerical model to study
the effects of different types of particles on oceanic light fields. This approach gives us
complete control in determining the congtituents of asimulated water body and in examining the



Form Approved

Report Documentation Page OMB No. 0704-0188

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it
does not display a currently valid OMB control number.

1. REPORT DATE 3. DATES COVERED
30 SEP 1997 2. REPORT TYPE 00-00-1997 to 00-00-1997
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER

Influences of Microbial and Mineral Particles on Oceanic Optics £b. GRANT NUMBER

5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S) 5d. PROJECT NUMBER

5e. TASK NUMBER

5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION

Sequoia Scientific, Inc,9725 S.E. 36th Street, Suite 308,M er cer REPORT NUMBER

Island,WA,98040

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’'S ACRONYM(S)
11. SPONSOR/MONITOR’ S REPORT
NUMBER(S)

12. DISTRIBUTION/AVAILABILITY STATEMENT

Approved for public release; distribution unlimited

13. SUPPLEMENTARY NOTES

14. ABSTRACT

15. SUBJECT TERMS

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF 18. NUMBER 19a. NAME OF

ABSTRACT OF PAGES RESPONSIBLE PERSON
a REPORT b. ABSTRACT c. THISPAGE Same as 5
unclassified unclassified unclassified Report (SAR)

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std Z39-18



optical influences of different types of particles. The database development is carried out by
Stramski, and the modeling is performed by Mobley; both investigators participate equaly in the
analysis of the results.

Thesngle-particle optica properties are obtained from acombination of |aboratory experiments
and Mie scattering caculations (Stramski and Mobley, 1997; see dso Stramski’ s annua report).
The single-particle properties are combined with particle concentrations and standard model s for
dissolved substancesto determinethebulk |OPsof awater body. Thesebulk |IOPsarethen used as
input to the Hydrolight radiative transfer model. Hydrolight computes the full spectra radiance
distribution throughout the euphotic zone (including water-leaving radiances and all quantities
derived from the radiance, such asirradiances and diffuse attenuation functions). Changesin
various light-field quantities (e.g., water-leaving radiances or diffuse attenuation functions)
are monitored as the input to the model is systematically varied.

WORK COMPLETED

During the past year, the database of microbial optical properties has been expanded from five
microbes, as used in our initiad Smulations (Mobley and Stramski, 1997a), to 24. The present
database includes marine viruses, heterotrophic marine bacteria, 3 strains of prochlorophytes,
5 grains of Synechococcus, 11 species of smal nanoplankton (4 to 8 um in diameter), and afew
other peciesup to ~30 uminsze. Usng these data, we have completed severd hundred Hydrolight
smulaionsusing various combinations and concentrations of particle and dissolved components.
Component concentrationsused intheses mulationshaveranged fromlow va uescharacteristic of
open ocean watersto high valuescharacteristic of productive coastal waters. Wehave studied the
effects of water composition on both in-water optical properties (such as the scalar irradiance
and diffuse attenuation) and on the remote-sensing reflectance.

RESULTS

Thisyear’ swork yielded three mgjor results (Mobley and Stramski, 1997b). First, we found that
it is not necessary to include each microbial component in order to redlisticaly smulate the
optical propertiesof awater body. For example, it is sufficient to use an “average’ or “generic”
prochlorophyte and an average Synechococcusin smulations. Thisisnot surprising because, for
example, different prochlorophyte strains have similar optical cross sections and particle sizes.
However, itisnot possibleto definean “average smdl nanoplankton.” Thisisbecausethevarious
species of small nanoplankton can have significantly different optical properties and size
distributions. However, we do find that the detailed species composition of the small
nanoplankton is not crucid, so long as the various-Szed particles obey a Junge size distribution
overal, with the same total concentration of these particles.

Second, wehavefoundthat thesimpl ebio-optica model scommonly used for thel OPsof dissolved
substances and detritus can have subtle but large effects on the remote-sensing reflectance R .
Thesemodds have various parameterswhose va ues are commonly assumed to have“typicd” vaues.
However, these parameters can vary widdy in magnitude. We found that when these parametersare
varied over their possible ranges as reported in the literature, the effects of the dissolved-



substance and detritus model s on predicted remote-sensing reflectances can be as great as that
of afactor-of-two change in the concentration of small nanoplankton. The surprisingly large
vaiability in R, owing to the variability of these model parameters highlights the importance
of properly modeling all components of awater body, not just the microbial components.

Third, we have found that in spite of the large variability in remote-sensing reflectances that
results from the details of the water composition and from environmenta conditions, it may be
possible to extract some information about particle Sizes or typesfrom R, Figure 1 shows how
asmulated bloom of heterotrophic bacteriastands out from blooms of all other specieswhen the
ratio R(415)/R (485) is consdered (415 and 485 are the wavelengths in nanometers). Figure 2
shows how a smulated prochlorophyte bloom stands out when R (485)/R (515) isused asa
discriminator. Whether such ratioing algorithms are sufficiently robust for practical use, or
whether more sophisticated algorithms can be developed, requires further investigation.

IMPACT/APPLICATIONS

We dready have gained considerable intuition about the effects of various types of microbes on
both IOPsand AOPs. Thiswork is an important step towards achieving scale closure — the
reconciliation of single-particle (small scale) optical properties with the large-scale optical
character of the ocean. Achieving a detailed understanding of the roles played by various types
of particles and other components on oceanic radiative transfer is a prerequisite to advancing
bio-opticad models beyond their present one-parameter (the chlorophyll concentration)
description of very complicated and variable situations. This work also leads to a quantitative
understanding of what informati on about oceani ¢ parti culateswe can and cannot expect to extract
from remotely sensed signds, which are the basis for "ocean color" assessments of the ocean's

upper layer.
TRANSITIONS

Asliged in Stramski’ s annual report, parts of the database have dready been made available to
severa academic researchers, and such requests are likely to increase now that the database is
greatly expanded. The Hydrolight model itsalf hasbeen trangitioned to several Navy investigators
(e.g.,C.Davis NRL Code7212; S. Gdllegos NRL Code7240; V. Hdtrin,NRL Code7331; R. Holyer,
NRL Code7340; G. Gilbert, NCCOSC Code 740) who areusing thecodefor studiesranging from
algorithm development for hyperspectral remote sensing sensors, to the devel opment of neural
networks for oceanographic dataandyss, to the smulation of background light fields for studies
of passveNAASW andminedetectionsensors. TheHydrolight codehasbeenmadeavailabletodozens
of U.S. and foreign academic researchers, many of whom are usng it for the development and
evaluation of agorithms for SeaWiFS or hyperspectral ocean color sensors.

RELATED PROJECTS

This work directly incorporates the database development results described separately by
Stramski. In addition, the modeling methodology devel oped in the course of thiswork isfinding
wide application in other research projects. Collaborations and/or applications of Hydrolight



which have resulted in publications submitted this year include

1. Studies of Raman scattering on underwater light fields (ONR funding; reference Berwad, et
a.)

2. Studies of the effects of bubbles on remote-sensing reflectances (ONR; Flatau, et al.)
3. Development of algorithms for recovering |OPs from AOPs (ONR and NASA; Stramska, et al.)

4. Development of dgorithmsfor recovering internd light sourcesfrom irradiance measurements
(INPE Brazil; Stephany, et a.)

5. Studies of the effects of coccolithophores on oceanic light fields (ONR; Tyrrell, et a.)
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Figure 1. Use of the ratio
R {(415)/R (485) to identify a
bloom of heterotrophic
bacteria. Note that the point
representing the heterotrophic
bacteriabloomiswell separated
from the cluster of points for
blooms of all other species.

Figure 2. Use of the ratio
R (485)/R (515) to identify a
bloom of prochlorophytes. Note
that the point representing the
prochlorophyte bloom is well
separated from the cluster of
points for blooms of all other
Species.



