
REPORT DOCUMENTATION PAGE 
Form Approved 

0MB No. 0704-0188 

The public reporting burden for this 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 cdlectior 
of information including suggestions for reducing the burden, to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports 
(0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall b 
subject to any penalty for failing to comply with a collection of information if it does not display a currently valid 0MB control number. 
PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.  ^__^_ 
1. REPORT DATE roo-M/w-v/yy; REPORT TYPE 

Conference Proceeding 

4.  TITLE AND SUBTITLE 
Variability in the Backscattering to Scattering and F/Q Ratios Observed in 
Natural Waters 

6.  AUTHOR(S) 
Sherwin D. Ladner, Robert A. Amone, Richard W. Gould, Alan D. 
Weidemann, Vladimir I. Haltrin, A. P. Lee, Paul M. Martinolich 

DATES COVERED (From - To) 
18-22 November 2002 

5a.   CONTRACT NUMBER 

5b.   GRANT NUMBER 

5c.  PROGRAM ELEMENT NUMBER 
601153N 

5d.   PROJECT NUMBER 

5e.  TASK NUMBER 

5f.  WORK UNIT NUMBER 

7.  PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 
Naval Research Laboratory 
Oceanography Division 
Stennis Space Center, MS 39529-5004 

9.  SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 
Office of Naval Research 
800 N. Qumcy St. 
Arimgton, VA 22217-5660 

8. PERFORMING ORGANIZATION 
REPORT NUMBER 

NRL/PP/7330/02/0062 

10. SPONSOR/MONITOR'S ACRONYM(S) 
ONR 

11. SPONSOR/MONITOR'S REPORT 
NUMBER(S) 

12. DISTRIBUTION/AVAILABILITY STATEMENT 
Approved for public release; distribution is unlimited 

13. SUPPLEMENTARY NOTES 20030523 107 
14. ABSTRACT 
Variability of the backscattering to scattering (bb/b) and the upvi^elling irradiance/upvi^elling radiance (f/Q) ratios affect the 

accurate retrieval of inherent optical properties from ocean color satellite algorithms (SeaWiFS and MODIS). We investigate the 
variability of bb/b and flie f/Q in coastal and open-ocean surface waters of the Northern Gulf of Mexico and U.S. East Coast off 
New Jersey. In situ measurements of scattering (b) from an ac9 probe were collected with concurrent measurements of bb from 
a six channel Hydroscat sensor. We compare ttie measured bb/b values with values derived from the Petzold Volume Scattering 
Functions (Petzoldl4), examine the spectral variability of the ratio and examine the variability in different water types related to the 
changes in the Volume Scattering Function (VSF). In addition, we estimate the T*f/Q (Mobley9) term from above-water 
measurements of remote sensing reflectance (Rrs) coupled with direct measurements of absorption (a) and backscattering (bb) 
coefficients. We will examine the spectral dependence of the T*f7Q term and its relationship to the bb/b ratio, which we use as a 
substitute for the changing VSF. Finally, we will show how the estimated T*f/Q values vary from the commonly used value of 
0.051 used for satellite processing.  
15. SUBJECT TERMS 
backscattering, F/Q/ ratios, natural waters 

16. SECURITY CLASSIFICATION OF: 
a.  REPORT 
Unclassified 

b. ABSTRACT 
Unclassified 

c. THIS PAGE 
Unclassified 

17. LIMITATION OF 
ABSTRACT 

SAR 

18. NUMBER 
OF 
PAGES 

9 

19a. NAME OF RESPONSIBLE PERSON 
Bob Amone 
19b. TELEPHONE NUMBER (Include area code) 

228-688-5268 

Standard Form 298 (Rev. 8/98) 
Prescribed by ANSI Std. 239.18 



PUBLICATION OR PRESENTATION RELEASE REQUEST 

1. REFERENCES AND ENCLOSURES 

Pubkey:    3366 NRLINST 5600.2 

,V 3; AOMiNisfRATWE INFORMATION 

(     ) Abstract only, published 

Ref: (a) NRL Instruction 5600.2 
(b) NRL Instruction 5510.40D 

End: (1) Two copies of subject paper 
(or abstract) 

( )Book 
( ) Conference Proceedings 

(refereed) 
( ) Invited speaker ( 
{ ) Journal article (refereed)        ( 
( ) Oral Presentation, published ( 
( ) Other, explain 

(     ) Abstract only, not published 
(    ) Book chapter 
(X ) Conference Proceedings 

(not refereed) 
(     ) Multimedia report 

) Journal article (not refereed) 
) Oral Presentation, not published 

STRN   NRL/PP/7330-02-62 

Route Sheet No. 7330/ 

Job Order No.  
Classification          _J 
Sponsor          

U 

approval obtained yes 

4. AUTHOR 

Title of Paper or Presentation 

Variability In the Backscattering to Scattering and F/Q Ratios Observed in Natural Waters 

Autiior(s) Name(s) {First.MI.Last), Code, Affiliation if not NRL 

Sherwin D. Ladner, Robert A Arnone,  Richard W. Gould, Alan D. Weidemann, Vladimir I. Haltrin, Z. P. Lee,  Paul IM. Martinolich, 
Trisha Bergmann 

it is intended to offer this paper to the   Ocean Optics XVI 
(Name of Conference) 

18-NOV - 22-NOV-2002, Santa Fe, New Mexico, Unclassified 
(Date, Place and Classification of Conference) 

and/or for publication in    Ocean Optics XVI, Unclassified 
(Name and Classification of Publication) (Name of Publisher) 

After presentation or publication, pertinent publication/presentation data will be entered in the publications data base, in accordance 
with reference (a). 
It is the opinion of the author that the subject paper (is ) (is not ^) classified, in accordance with reference (b). 
This paper does not violate any disclosure of trade secrets or suggestions of outside individuals or concerns which have been 
communicated to the Laboratory in confidence. This paper (does ) (does not X_) contain any militarily critical technology. 
This subject paper (has ) (has never  X    ) been incorporated in an official NRL Report. 

Robert A Arnone, 7333 
Name and Code (Principal Author) 

S.ROUTING/ARPROVAL'^ i-""'% ••t^ A'4« 

CODE SIGNATURE DATE COMMENTS 
Aulhor(s) 

JialtrliL 
M 

^^^kJM 'u it t\i]L 

"Section Head 

^(:/0>. Arnone QiXii^^u. C 
Branch Head 

Steven W. Payne, 7330 
^ 

o 
o 

Division Head 

William J. Jobst, 7300 

1. Release of this paper is approved. 
2. To the best knowledge of this Division, the 
subject matter of this paper (has ^) I 
(has never X_) been classified. 

Security, Code 
7030.1 

1. Paper or abstract was released. 
A-eapy-is-filed.ln-thls-officeii^^; /•* _  ZgV- O V 

Office of Counsel,Code 
1008.3 

ADOR/Director NCST 
E.O. Hartwig, 7000 

Public Affairs (Unclassified/ 
Unlimited Only), Code ^Q^O 4 9/'A 
Division, Code 

I Author, Code 

HQ-NRL 5511/6 (Rev. 12-98) (e) THIS FORM CANCELS AND SUPERSEDES ALL PREVIOUS VERSIONS 



'•,p A - Approved for public release, distribution Is unlimited. 

[ ]   B - Distribution autliorized to U.S. Government agencies only (check reason below): 

rn Foreign Government Information    □ Contractor Perforrnance Evaluation Q Critical Technology 

I—I Proprietary Information Q Administrative/Operational Use rn Premature Dissemination 

I—I Test and Evaluation Q Software Documentation [^ Cite "Specific Authority 

bate statement applied  
(Identification of valid documented authority) 

Other requests for this document shall be referred to 
(Insert Controlling DOD Office*) 

ri  C - Distribution authorized to U.S. Government agencies and their contractors (check reason below): 

n Foreign Government Information    □ Software Documentation 

rn Administrative/Operational Use       Q Critical Technology □ Cite "Specific Authority 

Date statement applied  

(Identification of valid documented authority) 

Other requests for this document shall be referred to 
(Insert Controlling DOD Office') 

Tl   D - Distribution authorized to DOD and DOD contractors only (check reason below): 

□ Foreign Government Information    Q Critical Technology 

□ Software Documentation D <="« "SP«"='"= Authority 

ri Administrative/Operational Use 

Date statement applied  . 

(Identification of valid documented authority) 

Other requests for this document shall be referred to 
(Insert Controlling DOD Office") 

[  1   E - Distribution authorized to DOD components only (check reason below): 

[^Proprietary Information Q Premature Dissemination 

I    I Foreign Government Information     I    I Software Documentation 

I    1 Administrative/Operational Use       j    | Contractor Performance Evaluation 

Date statement applied  

I    I Critical Technology 

I    I Direct IVlilitary Support 

rn Test and Evaluation 

I    I Cite "Specific Authority 

Other requests for this document shall be referred to 

(Identification of valid documented authority) 

(Insert Controlling DOD Office') 

F - Further dissemination only as directed by. 

Date statement applied   

(Insert Controlling DOD Office') 

or higher DOD authority  

in  G - Distribution authorized to U.S. Government agencies and private individuals or enterprises eligible to obtain export-controlled 
—        technical data in accordance with regulations implementing 10 U.S.C. 140c. 

Date statement applied  

Other requests for this document shall be referred to 
(Insert Controlling DOD Office') 

•For NRL publications, this is usually the Commanding Officer, Naval Research Laboratory, Washington, DC 20375-5320 

7 OTHER LIMITATION ^M^iUMMil 
I    I DTIC exempt (explain). 

Classification Review 
(Initial/Date) 

Q Classification Q   NOFORN 

Substantive changes made in this document after approval by Classification Review and Public Release invalidate 
these reviews. Therefore, if any substantive changes are made by the author. Technical Information, or anyone else, 
the document must be returned for another Classification Review and Publication Release. 

Author completes and submits this form with the manuscript via line channels to the division head for review and approval according to 

the routing In i^";''°"/•  Submit the diskette (if available), manuscript, typed double-spaced, 
1. iMKL Keporis  complete with tables. Illustrations, references, draft SF 298, and 

proposed distribution list. 
9 NRL Memorandum Reports  Submit a copy of the original, typed manuscript complete with 2. NRL Memorandum Reports  ^^^^^ illustrations, references, draft SF 298, and proposed 

distribution list. 
3. NRL Publications or other books, brochures, pamphlets Handled on a per case basis by Site Technical Information Office. 

proceedings, or any other printed publications. 

HQ-NRL 5219/1 (Rev. 5-97) (e) (Bacl<) 



VARIABILITY IN THE BACKSCATTERING TO SCATTERING 
AND F/Q RATIOS OBSERVED IN NATURAL WATERS 

Sherwin Ladner, Robert Arnone*, Richard Gould*, Alan Weidermann*, 
Vladimir I. Haltrin*, Zhongping Lee*, Paul Martinolich**, Trisha Bergmann*** 

Planning Systems Incorporated, NRL Ocean Optics Section Code 7333, 
Building 1009 RM127A, Stennis Space Center, MS 39529, USA 

Phone: (228) 688-5754, E-mail: ladner@nrlssc.navy.mil 

* Naval Research Laboratory, Ocean Optics Section, Code7333, 
Stennis Space Center, MS 39529, USA 
E-mail: arnone@nrlssc.navy.mil 

** Neptune Sciences Incorporated, 40201 Highway 190 East, 
Slidell, LA 70461, USA 

E-mail: martinol@nrlssc. navy, mil 

*** Rutgers University, Institute of Marine and Coastal Sciences, 
New Brunswick, NJ 08901, USA 
E-mail: bergmann@imcs. rutgers. edu 

ABSTRACT 

Variability of the backscattering to scattering (bi/b) and the upwelling 
irradiance/upwelling radiance (f/Q) ratios affect the accurate retrieval of inherent optical 
properties from ocean color satellite algorithms (SeaWiFS and MODIS). We investigate 
the variability of bb/b and the f/Q in coastal and open-ocean surface waters of the 
Northern Gulf of Mexico and U.S. East Coast off New Jersey. In situ measurements of 
scattering (b) from an ac9 probe were collected with concurrent measurements of bb from 
a six channel Hydroscat sensor. We compare the measured bb/b values with values 
derived from the Petzold Volume Scattering Functions (Petzold''*), examine the spectral 
variability of the ratio and examine the variability in different water types related to the 
changes in the Volume Scattering Function (VSF). In addition, we estimate the T*f/Q 
(Mobley^) term from above-water measurements of remote sensing reflectance (Rrs) 
coupled with direct measurements of absorption (a) and backscattering (bb) coefficients. 
We will examine the spectral dependence of the T*f/Q term and its relationship to the 
bb/b ratio, which we use as a substitute for the changing VSF. Finally, we will show how 
the estimated T*f/Q values vary from the commonly used value of 0.051 used for satellite 
processing. 

INTRODUCTION 

Remote sensing algorithms for ocean color visible imagery are based on 
relationships between remote sensing reflectance and such inherent optical properties as 
absorption and scattering. Previous studies have simplified these relationships and are 



currently used in present ocean color algorithms such as with SeaWiFS. The limitations 
of the relationships in different optical water types are under investigation. This effort is 
directed at examining different water types defined by the backscattering to scattering 
ratio and the changes in the T*f/Q term (where Q is the ratio of upwelling irradiance to 
upwelling radiance). Both the ratios affect the accurate retrieval of the inherent optical 
properties. 

The remote sensing reflectance (Rrs) is dependent on the angular scattering 
described by the volume scattering function (VSF). The VSF describes the angular 
distribution of scattered light in the water column.  The integral of the VSF over full 
solid angle is the scattering coefficient (b); the integral over angles in the backward 
direction only (90-180 degrees) is the backscattering coefficient (bb). The VSF is 
influenced by particle characteristics such as shape, index of refraction, and size 
distribution. Because the VSF is difficult to measure (new instruments are just now 
becoming available), we use the bb/b ratio (or probability of backscattering) as a 
substitute for the VSF to describe water mass differences. This ratio provides a method 
to describe the differences in the VSF for different water masses and how the angular 
differences influence the Rrs. Understanding the differences in bb/b for different water 
masses will help characterize the changes in the VSF, which affect Rrs estimates, and 
provide better estimates of inherent optical properties in coastal and open-ocean waters 
(Northern Gulf of Mexico and New Jersey Coast) where different bb/b water types are 
observed. This is important for researchers to model optical remote sensing algorithms, 
visibility and laser propagation in seawater. 

We will use in situ measurements for various water types to determine how the 
bb/b changes both spectrally and in a wide variety of coastal and open-ocean waters and 
how it compares with the linear Petzold'"* bb/b ratio. Our second objective is to evaluate 
the relationship between measured remote sensing reflectance, backscattering and 
absorption through the ratio [bb/(a+bb)]. We will examine the spectral nature of the 
T*f/Q term and show how the estimated T*f/Q values vary from the commonly used 
value of 0.051 used for satellite processing 

BACKGROUND 

The availability of VSF, bb and b measurements has been limited in the past. VSF 
measurements (515nm) made in San Diego Harbor over 30 years ago by Petzold''*were 
used by Gould et al.^ to estimate a linear relationship between bb and b: 

bb = 0.01829 *b +0.00006,    (r^-0.99) (1) 

This is a limited data set of 15 angular scattering coefficients and attenuation coefficients 
of 15 phase functions, collected at a single wavelength that does not describe the 
differences in the VSF for different water types. New instruments are currently available 
that measure the VSF (Haltrin et al.^), backscattering and scattering directly. 

Irradiance reflectance or diffuse reflectance coefficient is defined as: 

R = Eu/Ed (2) 



Using different approaches, Morel and Prleur'^ and Gordon et al.^ related irradiance 
reflectance (R) to water inherent optical properties (absorption and backscattering) 
through a factor/: 

R = f=[bb/(a+bb)] (3) 

where/varies in a range of 0.28 - 0.42 for most "Case 1" waters and for solar zenith 
angles less than 70 degrees (Morel and Gentili'°). Remote sensing reflectance is defined 
as: 

Rrs = Lw/Ed (4) 

To convert R to Rrs (in order to relate satellite measurements to in-water optical 
properties), we must apply an irradiance-to-radiance conversion factor Q (Lu/Ej) and 
push the radiance/irradiance values through the air/sea interface. Following notation in 
Mobley^: 

Rrs = (T/Q) * R (5) 

(See Mobley^ for derivation of T term). Substituting for R from equation 3 

Rrs = (T*f/Q) * [bb/(a+bb)] (6) 

The value of T is approximately 0.54 and only varies by a few percent (Mobley^). From 
a theoretical perspective, f/Q varies with sun and satellite viewing angle and changing 
inherent optical properties and ranges from 0.07 to 0.11 over realistic angles for remote 
sensing applications (Morel and Gentili^'). It changes in different water types in response 
to VSF and angular scattering. So considering the variability in both T and f/Q, we 
would expect a range of approximately 0.0366 to 0.0612 for the T*f/Q term in equation 
6. Using in situ measurements, we describe how this term changes spectrally and in 
different water masses. 

Lee et al.^ are further refining the estimation of f/Q by analyzing and modeling 
the effect of the VSF shape on this term. The new model, weighted by relative 
contribution of particle scattering, provides improved estimations of f/Q. This refined 
estimation of f/Q will further improve estimations of Rrs and in-water properties, but 
does require a priori knowledge of a and bb. 

METHODS 

We collected data at 174 stations in different waters types (open ocean and 
coastal). These included two cruises in the Northern Gulf of Mexico in May 2001 and 
May 2002 off of Mobile Bay for a total of 83 stations. The remaining 91 stations were 
collected in New Jersey in July 2000 and July 2001. The Gulf of Mexico represents a 
wide variety of highly scattering waters with elevated suspended sediment loads and high 
CDOM where as the New Jersey cruises represent clearer waters with less sediments. 
We collected above-water measurements of Rrs using an Analytical Spectral Device 



(ASD) field spectroradiometer which was processed using near-infrared (NIR) surface 
gUnt removal algorithms (Gould et al.^). This is required to account for the Rrs at near- 
infrared wavelengths in high scattering waters. The ASD measures the spectrum at 1.3 
nm resolution from 400 - 800 nm and a 12% spectralon (gray) card was used for 
calibration. Absorption and beam attenuation (a and c) were measured using a WetLabs 
ac9 at 9 wavelengths (412, 440,488, 510, 532, 555, 650, 676, 715nm). The instrument 
was calibrated using milli-Q water and the Zaneveld scatter correction was applied 
(Zaneveld et al.'^). We derive scattering by difference (c-a). The spectral backscattering 
coefficient was measured with the Hydroscat instrument, which measures the scattering 
at 140 degrees and extrapolates the bb at 6 wavelengths (442,488, 532, 589, 620, 676nm) 
(Maffione and Dana^). The instrument was calibrated at the factory prior to the 
deployments. We removed the backscattering and scattering due to pure water using 
Smith and Baker'^ to investigate the differences in the spectral bb/b ratio. 

RESULTS 

Backscattering to Scattering Relationship 

We plotted measured bb and b for two regions (Gulf of Mexico and New Jersey) 
to investigate the relationship for 440, 488, 532, and 676nm and differences for different 
water types. Figure 1 shows the relationship between bb and b at 532nm for the Gulf of 
Mexico 2001 and 2002 including Petzold'' data at 515nm.  The Gulf of Mexico data 
seems to depict two different water types, although there is much spread in the data and 
considerable overlap. The first water type includes Gulf of Mexico data from the 2002 
cruise (triangles and dotted linear fit) and is similar to the Petzold''* relationship (open 
circles). The second water type is defined by the Northern Gulf of Mexico from 2001 
cruise (filled circles and solid linear fit). Both Northern Gulf of Mexico cruises were 
conducted in the same vicinity one year apart. 

Figure 2 shows the relationship between bb and b at 532nm for the New Jersey 
cruises. The data displayed in Figure 2 more clearly depict two distinct water types. The 
first water type includes data from the 2000 cruise (filled circles and solid linear fit) and 
is similar to the Petzold relationship (open circles). The second water type is defined by 
the data from the 2001 cruise (triangles and dotted linear fit). This water type consist of 
mostly open ocean waters dominated by biological rather than inorganic particles and 
produced a bb/b ratio lower than the other cruises. Note that the New Jersey cruises were 
also conducted in same vicinity one year apart. 
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Figure 1. Measured bt (532nm) 
vs. b (532nm)for the two Gulf of 

Mexico Cruises 

Figure 2. Measured bb (532nm) 
vs. bfor the two New Jersey 

Cruises. 

By using the slopes of the lines in figures 1 and 2, which is essentially the bi/b 
ratio for all stations in the relationship, and using the other measured wavelengths 
(440,488,676) in common between the two instruments, we can examine the spectral 
dependence of the bi/b ratio. Figures 3 and 4 represent the bt/b ratios derived from 
Figures 1 and 2 plotted as function of wavelength. Figure 3 shows the two distinct water 
types for the Northern Gulf of Mexico region. Figure 4 shows the two distinct water 
types for the New Jersey region. The spectral shape of both regions is nearly flat. We 
will further examine the statistical difference at a later time. The Northern Gulf of 
Mexico waters during 2002 and the New Jersey 2000 waters are similar to that of 
Petzold''* type waters. We note that for the New Jersey waters the spectral shapes are 
somewhat similar and the water types show more distinct difference than the Northern 
Gulf of Mexico cruises. Results show the bb/b relationship is not always related to the 
Petzold^'* relationship. The changes in the bi/b ratio can possibly be used to characterize 
the VSF in different water types and agrees with the behavior seen in actual VSF 
measurements (Haltrin et al. ). 
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F/Q Ratio 

We took the measured properties of a, bb, and computed the ratio [bb/(a+bb)] for 
the Gulf of Mexico and New Jersey stations combined (Figure 5). The regions were 
plotted separately (not shown) but did not show a regional dependence for this study. We 
plotted the relationship between the measured Rrs at 440 (top left), 488 (top right), 532 
(bottom left) and 676nm (bottom right) versus the [bb/(a+bb)] ratio. These relationships 
show the spectral variance in the (T*f/Q) term used in equation 6 for these two regions. 
From theoretical studies, this term should range between approximately 0.0366 - 0.0612. 
Based on measured values, our results show that the term ranged from 0.04 (532nm) - 
0.07 (440nm). A value of 0.051 is commonly used in satellite ocean color processing 
(Carder et al.^). The 532nm (lower left) channel shows higher scatter than the others. 
This scatter could be because the 532nm channel has a higher in-water transparency than 
other channels and is where the minimum absorption occurs. Any small variation in 
absorption, whether it is due to the error in measurement or stability of the instrument, 
could possibly cause such high variations for this relationship. 
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We took the mean of the T*f/Q terms estimated by dividing measured reflectance 
by the measured ratio [bb/(a+bb)] and plotted as a function of wavelength shown in figure 
6. Morel and Gentili'' also looked at the f/Q term as a function of wavelength. They 
found that the values for f/Q to be 0.0936 (440nm), 0.0944 (500nm), 0.0929 (565nm), 
and 0.0881 (665nm), which would result in T*f/Q estimates of 0.0505, 0.0509, 0.0502, 
and 0.0476. Their results are stable and linear as a function of wavelength whereas 
results in this study show a larger variation. Morel and Gentili" observed Case I waters 
and radiances encountered in the vicinity of the vertical direction. The measurements of 
Rrs in this study were measured 40 degrees from nadir and collected in non-Case I 
waters. Morel and Gentili" documented that before interpreting the marine signals, the 
discrimination between Case I and sediment-dominated Case II waters has to be made, 
therefore a separate knowledge of the Q factor is needed. 
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CONCLUSION 

The bb/b ratio derived from in situ measurements varies spectrally over different 
water types (mostly turbid). This variability maybe related to regional differences in the 
VSF. We looked at four different cruises (two in the Northern Gulf of Mexico and two 
off the coast of New Jersey). We clearly observed two different water types for each 
region but the bb/b ratio as a function of wavelength was nearly flat spectrally. In some 
cases for the Gulf of Mexico and New Jersey region the bb/b ratios were quite similar to 
the ones derived from the Petzold'"* data while in others it was not. This ratio provides a 
method to describe the differences in the VSF for different water masses and how the 
angular differences influence the Rrs. 

We estimated the T*f/Q term from above-water measurements of Rrs coupled 
with direct measurements of absorption and backscattering. We show in this study that 
the estimated T*f/Q term in non-Case I waters has more spectral variability compared to 



values presented by Morel and Gentilli^' in Case I waters. From theoretical 
considerations, T*f/Q from equation 6 should range between 0.0366 and 0.0612. In our 
current satellite processing we use a constant value for T*f/Q equal to 0.051. Based on in 
situ measurements, we found the spectral range of the term to be between 0.04 (532nm) 
and 0.086 (440nm) for the four wavelengths examined in this study. We did not note any 
separation due to water type when looking at the four cruises. 

The understanding of the differences in the bb/b relationship will help characterize 
the changes in the VSF, which affect Rrs estimates, and the parameterization of the f/Q 
term for different water types certainly can improve the accuracy of algorithms applied to 
remotely sensed ocean color data. 

ACKNOWLEGEMENTS 

Support for this work was provided by the Naval Research Laboratory through 
(Program Element 0601153N). This article represents NRL contribution NRL/PP/7330- 
02-62. 

REFERENCES 

1. K. L. Carder, F. R. Chen, Z. P. Lee, S. K. Hawes, and K. Kamykowski, Semianalytic 
Moderate-Resolution Imaging Spectrometer algorithms for chlorophyll a and absorption 
with bio-optical domains based on nitrate-depletion temperatures, JGR, 104, C3, 5403- 
5421,1999. 

2. H. R. Gordon, O. B. Brown, R. H. Evans, J. W. Brown, R. C. Smith, K. S. Baker, and 
D. K. Clark, A semi-analytical radiance model of ocean color, JGR, 93, 10909-10924, 
1988 

3. H. R. Gordon, O. B. Brown, and M. M. Jacobs, Computed relationships between the 
inherent and apparent optical properties of a flat homogeneous ocean, Appl. Opt., 14, 
417-427, 1975. 

4. R. W. Gould, R. A. Amone, and P. M. Martinolich, Spectral dependence of the 
scattering coefficient in case 1 and case 2 waters, Appl. Opt. 38,12, 2377-2383,1999. 

5. R. W. Gould, R. A. Amone, and M. Sydor, Absorption, scattering and remote-sensing 
reflectance relationships in coastal waters: Testing an new inversion algorithm. Journal of 
Coastal Research, 17, 2, 328-341, 2001. 

6. V. I. Haltrin, M. E. Lee, E. B. Shybanov, R. A. Amone, A. D. Weidemann, V. I. 
Mankovsky, W. S. Pegau, and S. D. Ladner, Relationship between backscattering and 
beam scattering coefficients derived from new measurements of light scattering phase 
functions, Ocean Optics XVI Proceedings, 2002. 

7. Z. P. Lee, K. L. Carder, and K. P. Du, Influence of particle phase functions on the the 
model parameter of remote-sensing reflectance. Ocean Optics XVI Proceedings, 2002. 



8. R. A. Maffione and D. R. Dana, Instruments and methods for measuring the backward- 
scattering coefficient of ocean waters, Appl. Opt. 36, 24, 6057-6067, 1997. 

9. C. D. Mobley, Estimation of the remote-sensing reflectance from above-surface 
measurements, Appl. Opt. 38, 36, 7442-7454,1999. 

10. A. Morel and B. Gentili, Diffuse reflectance of oceanic waters: its dependence on Sun 
angles as influenced by the molecular scattering contribution, Appl. Opt. 30,4427-4438, 
1991. 

11. A. Morel and B. Gentili, Diffuse reflectance of oceanic waters, II, Bidirectional 
Aspects, Appl. Opt., 32, 6864-6879,1993. 

12. A. Morel and B. Gentili, Diffuse reflectance of oceanic waters. III, Implication of 
bidirectionality for the remote-sensing problem, Appl. Opt. 35, 24,4850-4862,1996. 

13. A.Morel and L. Prieur, Analysis of variations in ocean color, Limnol. Oceanogr., 22, 
709-722,1977. 

14. T. J. Petzold, Volume scattering functions for selected ocean waters, Scripps Institute 
of Oceanography Ref 72-78, 79,1972 

15. R. C. Smith and K. S. Baker, Optical properties of the clearest natural waters (200- 
800nm), Appl. Opt. 20, 177-184, 1981. 

16. J. R. V. Zaneveld, J. C. Kitchen, and C. Moore, The scattering error correction of 
reflecting-tube absorption meters. Ocean Opt. XII Proc, SPIE 2258,44-55, 1994. 



Program and Abstracts 
COVERINC A DIVERSITY OF TOPICS PERTAININO TO: 

• Radiative Transfer Theory 
. In Situ and Remote Sensor and Measurement System Design 

. Applications of Quantitative Remote Sensing 
interdisciplinary Processes Pertaining to the Ocean Surface, Volume, and Floor 

. Marine Environment Management Strategies 

Sponsored by: 

Office of Naval Research 
,,,,.,,.„,,^,v oo-/ QfTpr.-^ Ariniini'^frRfion 


