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ABSTRACT: |

HydroLight-BRDF is an extension of the well known application HydroLight created by Dr. Curtis A. Mobley and Sequoia Scientific Inc. This tool is used by Northrop Grumman to create valid models of the ocean using a wide variety of built-in validation data. The product of the application provides a BRDF Northrop Grumman DOC « DoD
of the water-leaving radiance which can then be coupled to any atmospheric Radiative Transfer Model to ascertain predicted Top-of-the-atmosphere radiances. Since the BRDF can also be used in conjunction with the surface irradiance, it can be utilized in validating the performance of the retrieval of Raytheon NAS A
ocean color for NPP. Using this tool for Optical closure, one can compare results from any two sensors, satellites, airborne and in-situ instruments for validation. This paper describes the processes, benefits and methods used in adapting this simulation tool for product validation.

BACKGROUND/OVERVIEW:
H-BRDF is an in-house; validated proprietary software developed for NGAS, The primary benefit is the coupling of

| : the in-water optical properties describing the water-leaving radiance with an atmospheric RTM (e.g. 65V, COART,
4 N T . (e or MODTRAN) to then create ocean-atmosphere TOA ragiances. The origins of H-BRDF begin with the develop-
| The H with an RTM | ment of HydroLight a 1-D RTE for water-leaving radiance which has become an industry standard over the
| like mman Aero- [ past decade. HydroMOD was written to couple the results of specific cases of optical properties to the at-
| spa hart.of the . mospheric model. An additional version of this was written specifically to incorporate real data to create a
" e o, ok - simulation of the global oceans. HydroMOD indicates that MODTRAN is being used to generate the final
+  HydroLight solves the 1-D (depth dependent) unpolarized RTE for oceanic environmens e | TOA radiance; however, the code has been modified to allow the coupling of any atmospheric RTM.
User-supplied input: ew Sl \ \ Since the common output of the tool is a two dimensional data array of the predicted Bidirectional Re-
jecallering artbsorb iR opetties clthe welatibod apre d a ﬂSCRt[i)OFn Distribution Function (BRDF), the code is now referred to by NGAS as HydroLight-BRDF or H-
=boundary conditions for sea surface and bottom 5 % ’ .: q | I - |n ]
e R ). S %f 3 The features of the tool include use of real data and default models for ocean bio-optical properties
i I UT— for missing data, integration tool for RTM’s to get Optical Closure, and isolation of errors which
\ o R 1 <1 o= e vt g ' - da g tste W, then be filled in with a realistic range of values for the erroneous data.
o e ol PET T i\ \ ¥ ethe ] In addition to the HydroLight 5.0 (developed by Sequoia Scientific Inc.) and subsequent Hy-
SNl Ry e droLight developments NGAS plans to develop a specific location to house the data and various
S— | |_ocean. Previ- tools. This will be called the Biogeochemical Optical Analysis Tool (BOAT). The purpose of the
N d commec BOAT is to archive real data, climatology, and site characterization. The in-situ data is ex-
N T ~ ! pected to be produced by the following sites: MOBY, IMOS-Lucinda Jetty Coastal Observatory
iy STTI T . S . \ A (LJCO), and BOUSSOLE, though other data and sites will be considered. The BOAT will be
ot of Soqucia T e capable of housing satellite sub-granules if needed and will have associated tools created in

IDL following an HDF5 format for automating ingest and output products.

NSIPS and GRAVITE will support these efforts to a certain extent under the NPP Cal/Val
Common Tools tasks. Ultimately it is expected that the Froducts from H-BRDF and BOAT
~ will allow for testing of performance and anomaly resolution using ASC/NSIPS.

\

METHODOLOGY:
| } H-BRDF creates a BRDF from the in-water properties, either modeled or measured.

) \ When needed, models of various functions that are contained in both HydroLight and H
! -BRDF can be utilized. These models are well known and used in a broad community of
ocean scientists. H-BRDF already contains a set of measured in-water properties for
easy implementation of a realistic set of natural variations for determining ranges of
unknown properties.

The validation sites such as MOBY, IMOS (ANMN SOCC LJCO and BOUSSOLE) provide

0.012 +
_, 0.010 1

* Have in-water ac-9 data from Paul Bissett (FERI) for

Nominal Wavelength (nm)

10 locations of varying water type % 5008 |

Dissolved a(z, \)

* Each location has sea-surface R, measurements % 0006 -

412, 440, 488, 532, 555,
442, 488, 532, 555, 620

and PHILLS imagery from aircraft overflights, as well = o.004 -
as atmospheric conditions (e.g., water-vapor, ozone, 0.002 |

........
SSSSSSSS

near-real time data which is accessible online with some quality controls.

Rrs can be calculated at the surface with measured E4 and compared to the satellite
retrieval. In general broad comparisons can be made between any two sensors
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plane irradiance at ocean surface, for generating R,
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aircraft radiances for comparison with PHILLS
measurements

* Final step in model-data closure, the connection

eeeeee d by Hyper-TSRB (Satlantic)

Measure d by OCP
(Ocean Color Profiler; Satlantic)

HydroLight with Petzold phase function

HydroLight with Fournier-Forand phase

p l In-situ measurements can be compared to any satellite for any geometry

creased; this potentially expands the constraints of the current protocol for collecting
Vicarious Calibration data. Both the sensor specifications (e.g. specific band passes)
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and solar geometries can be eliminated leaving an optimized comparison. H-BRDF cou-

For stable atmosphere and water, the window for simultaneous observation is in-
I !
pled with any atmospheric RTM allows for comparisons to be made a various altitudes,

nt modeled phase
ot have been able

from at the surface to airborne sensors to TOA.

Both HydroLight and H-BRDF (HydroLight + atmospheric RTM (i. e. HydroMOD)) can
be used to isolate various components. The primary use of these tools allow quality
, checks for verifying individual components as well as supplying missing data can be
computed from actual data providing realistic results allowing utilization of “in complete

n
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cruise data.
1 ANALYSIS:
¥ 4 Data were obtained for in-situ water properties from instruments similar to those on the

existing validation sites illustrated below. A BRDF of the surface radiance was produced.
The output from this process generates the input for the coupling of the RTM for a chosen
atmosphere which yields a Top of the Atmosphere (TOA) radiance across wavelengths (see
N J Figure 1). The RTM used in this case was MODTRAN. The result can then be compared to
the actual or predicted TOA result. NGAS has a Global Synthetic Data base that has a distri-
p bution of water properties from actual measured water properties which were used to gener-
ate the global predictions for VIIRS. Several typical TOA's were generated from the GSD (see
’ Figure 2). The TOA's predicted for the given set of water properties of Figure 1 closely matches
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any surface reflectance for any given atmosphere and any viewing .
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Er— RObotic NETwork) international
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HydroLight inputs

» absorption coef a(z,A) (usually have from ac-9 or spectrophotometer)

- scattering coef b(z,A) (usually have from ac-9)

« scattering phase function B(z, A, y) (almost never measured, but may have
backscatter fraction B = b,/b from b, (HydroScat or EcoVSF) and b (ac-9)

« Boundary conditions: sea state (wind speed); sun location and sky
conditions (usually model), bottom reflectance (in shallow water)
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Water Leaving Radiance Retrieval Challenge the red curve in Figure 2. The next step was to make a new run to compare various atmospheres over the same water properties (see Figure 3). If the atmosphere had anomalous values
e SeaWiFS Lt to Lw ot Hawaii /
e T T ! the optical closure process would allow the values to be changed for validation purposes without having to collect new data. (Note: Figures 1 and Figure 3 were done with HydroMOD and
NG i g, B Wer CHaz008Tgms - therefore are computed for a given satellite and solar zenith whereas the BRDF used in the GSD would
5 : provide a result valid for multiple viewing angles.) Changes in the water properties can also be made Chl = 0.1 (solid), 1.0 (dashed), 10.0 (dotted i 140irmolss 1 (solid) vs airmass 5 (dashed)
3 o i using the H-BRDF tool. Essentially any parameter can be isolated and evaluated individually without the .08 | s 12, 24, 36 I T un 21 va run 22
: | - need to discard the good parts of the data. This makes the H-BRDF a robust too, for validation. T e | i o12p Y e
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e [ S e | | NGAS). This special version of HydroLight computes the BRDF (6',¢’,6,,\) for the given water, sea sur- | € — & —— e s Ug“, i, | e — O | hi = 10 mgm -
T eww ™ ™ | face, and bottom conditions. The BRDF fully describes the reflectance properties of the ocean; inde- =& e e R = £ oo6f e don
Predict the TOA (red line) from the p_endent of the sky conditions. The ocean BRD_F iS used as t_he lower boundary condition in MODTRAN ; 12 - nete sot = 50 3 (\* ; € 0.04L e s = o -
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Figure 1. Results from a typical HydroLight run and Flgyre 2. TOA results from the NGAS Global Syn- Figure 3. Sample HydroLight run where different air-
thetic Database (GSD) for several typical water masses over the same water were used for a compari-
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PROCEDURE:
The measurements are for tropical and mid-latitude Case 1 waters, with a mix of L 04§ gl Al
mesotrophic, oligotrophic, and eutrophic water types with the majority of chlorophyll =S \\ oo oo (men)
values less than 1mg/m?°. Variability in absorption spectra for a given chlorophyll con- 5PN @coon (%) = Fopoula, (4)+ a, (2. 4)]
centration is inherent in this dataset; therefore, no added random noise is needed. ;_ oo % expl— Sepou (A — 4]
Measured a, spectra near Chl=0.2mg/m° agree “on average” with the new particle ab- | N
sorption model from Bricaud et al. 0.
Generating IOP’s 5

0.0

Other parameters such as colored-dissolved-organic matter (CDOM) absorption and par-
ticle scattering must rely on “average” IOP models, with random variability added (see wavelength [nm]

Figure 4.). The CDOM absorption and particle scattering predicted from “average” IOP  Figure 4 Modeled CDOM with natural variations
models for a given a, spectrum & Chl value are uniquely determined. Coefficients of the

400 00 00 700

“average” Inherent Optical Properties (IOP) models have been replaced by normally-distributed random variables that have been

constrained to match observations using a standard model for CDOM absorption, with Scpom, the spectral slope parameter, as-

sumed to have a mean value of 0.015 and a standard deviation of 0.002. There are a few assumptions made here. There is less

information about the range of Fcpowm, the fraction of total absorption due to CDOM 107,
at |y, so it is assumed that it is normally distributed |
. — S : , . 10-2:Chl=0.1mglm3 _
10000 gy = 0.416; ¢, = 0.15 Wlth mF=O-2 & SF=O-02 " ;Ch|=1 mg/m® ~_ -
| BRSO Several scattering models are available. The one used of SiFtomem o AN
— 10.00 ;‘bp(z’ /1): F;) Chl(z)Eb [i] ] ] . . 10 Chl=20 mg/m
A 0 5ion. CHLD NS o in this process (see Figure 5) was a recent particle — |
S 0% for 002 < 2 Y scattering model of Morel et. al, (2002), with a wave- . " |
s length dependence n that depends on Chl for values 0%, = <\
PP o less than 2mg/m?° and is zero for values above that. | ="\
0.01 ! 1 ;A o - . . - 10_6;
001030 100 oo - Scattering phase function is the weighted sum of |
total Chl [mg m™ . . - 2|
: small and large-particle phase functions, with the 1071 - - - : 1

Figure 5 The Backscatter Modeled

Wavelength (microns)

partitioning based on Chl value.
Figure 6

Creating a BRDF
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—&— Rrs from HydroMod BRDF —&— Rrs(412nm)/Rrs(443nm)

The combination of the water-leaving and surface
-reflected BRDFs provides the total upwelling
BRDF supplied to an atmospheric RTM (e.qg.,
MODTRAN) (See Figure 6). The water-leaving
BRDF can also be used to provide a reasonable
estimate of the remote sensing reflectance (see
Figure 7) via the hemispherical-directional reflec-
tance factor (i.e., Ris(l,g) ~ HDRF(l,q) /p). While
the variation in R,s can range from 8 to 12% as a
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function of the solar irradiance, ratios of band- Y’ 1k Vi
averaged Ry are much less sensitive, varying by "o ois 05 o5 s D 07 o7 05 o 0s I S R —"
avelengtn \micrometers Solar Zenith Angle (deg)

at most a few percent. HydroLight is an effective Figure 7 The BRDF is produced and con-

tool for IOP analysis and generation of BRDF'S.  yered to R.. [FHGITE & A0S ©F 1R, Snwy B85 vairElion.

80

then calculating a TOA from the surface radiance for a

given set of water properties. types whose properties were from in-situ data sets.  son. This demonstrates the versatility of the Hy-

droLight suite of tools.

Listed below are the pa-
rameters that are removed
for ocean color retrieval

RESULTS/CONCLUSION:
Ocean Color validation relies on accurate in-situ measurements of water properties. Often instruments that are designed to measure the vari-
ous parameters have uncertainties greater than what is required for validation. The optical closure process helps ocean color scientists mini-
mize anomalous data, implement strategies for handling new data and establish methods for sorting through the data for the best validation
points. In the circumstance where some data are good and other instruments fail, closing an optical loop between data sets can eliminate the
biases in the methods. Optical closure also serves as a quality control check. Overall the goal is to house the data in a validation archive BOAT
and eventually substantiate the on-orbit performance assessments with quality assurance.

A known set of VIIRS data from the proprietary synthetic model known (GSD) can be utilized for pre-launch verification and demonstration of
the end to end match up process as well as validating optical closure methods.

H-BRDF provides the engine that makes this task possible. Coupling the original HydroLight tool with any atmospheric model is the strength
of the process. In addition to this extraordinary capability, the output is in the format of a two-dimensional product that supports multiple
viewing angles. This eliminates the necessity of re-computing every angle for the same set of water properties.

There are many localized collections of validation data for water parameters (absorption and scattering) and atmospheric properties such as
aerosols, humidity, wind and pressure. In addition to standard quality control tools like those developed at NASA's SeaBASS/NOMAD database
and similarly IOCCG. Models generated with semi-analytical data can also be used e oma e 1o
to predict which data are valid. Samples of the generated IOP’s and resultant ool 1 somerd
Chlorophylls are compared to historical results with remarkable agreement (see Fig- = .-
ures 9&10 right) H-BRDF assures optical closure and verification of the NPP VIIRS

VIIRS |IOP-a @ 445nm VIIRS IOP-a @ 412nm VIIRS IOP-a @ 445nm
7] 02f | ‘ ‘ 04l | '

0.2f

© SolZen=30°

Solzen=30° -"
" Solzen=60°] , /il 0.4}
el

oF

06+

—02 [ .’l!‘;‘.':‘z ;!5 :
0.47 Iﬂccﬁ pJ < ‘53 WY " 08}
Y e ]
B

0671

)

-0.8¢

m

-0.8¢ 12l

Iogm(Retrieved af
(=]
o
log i O(Retrieved a[m™)

ocean color performance t
- 1
= 1.4} 2 -1.4;
Global Synthetic Data NOMAD Data | . £ oo -
. : 1.4} R==0.970 1 1.4} R2=10.967 RN i R®=0.974 1 16 4 R2=10.981
. VIIRS Retrieval on NGST GSD e Retrieval on NOMAD s RMSE =0.178 RMSE = 0.190 .’ RMSE=0070 g RMSE =0.057
F ' ! ' ' ' ' ] Bl 1 -1.6} 1 Re) ) . . ] 181 . ) ) J
| rP=07882 ] ] 15 4 05 0 05 145 4 05 0 1.5 -1 _'10-5 -1.5 -1 _1'0-5
| Mean = 63.6463 %, Std = 49.7318 % ] ce . 1 log, ,(Known a [m™]) log, o(Known a [m™") log, ,(Known a [m™"]) log, ,(Known a [m™"])
m‘é" 1 . ..uf’u
:-'E' 10 .’}g u = 10 .." wh’ 7. . . VIIRS IOP-a @ 488nm VIIRS |IOP-a @ 555nm VIIRS |IOP-a @ 488nm VIIRS IOP-a @ 555nm
=) z ‘.&’ : £ .rﬁ-a'\,‘. c. .0.°.' Z z y ¥ ! F - ¥ T | ' ' % 095-I ! ! -; '
S N g g ‘ 021 - solzen=30° ] -06f - solzen=30°| ° o7 '
- . . . (P . .o- 4 . . 1 olLen R . $ olLen . t“
% ﬁ ' .. =, : 472 | o4l Soizen=60%) Jit ¢ i’ 3| * Solzen=60°| % . . ° 08 NGST '
s Py '9 g -g- 0 . ..: . ~— . i .:; "g'}a:‘;;‘i : —~ 0.7} . P ©o -09r = il —
o 10 "L J > o 10 . Sl w AR R WANERE RN P %
S ’ ;ﬁ' ',!‘ ) g -0.67 10CCG fatint it = 10CCG / SIS L Al E 2
= . i A r= :- = a-‘g‘:(l Wt = -0.8¢ H "9".";’ .t :f_ 1 © 1.05} o
[&] ' M 'l' 5 © . ,{Q;\‘& ] IETREILE Pt . 441 - .
® LR ] B -08f b2 3 X A g
o J P g o st Pl 8 Fis 3 09| ARV 12} 2
E 1 ‘s = | Y = y 2 -!‘.f' . = R
o 4 ' "".‘ = M ’ ® - ) o] Sl 1.3} @
o ey 510 p o g % € | | ; 2 o
\ !’; . AN x . o 1.2t & o 4;.‘;.:{:!" . -1.4¢ - il 2 115 Y AR A
R * S kS ¥ N=1,000 S fx N=1.000 15 A N=76313 < GRSt N=76,313
S e i a4 A& R2=0955 | M RER Re=0866 R2=0.972 A R2=0.896
] RMSE=0.221 Ll RMSE = 0.240 1.6} RMSE=0.066 -1.2| . RMSE=0.059
10'? 1 1 I 10-2 I 1 1 -1.64 . . . . b -1.2L ) ) N 1.7 L L L F N 2
10° 10" 10° 10' 10° 107 10" 10° 10" 10° 15 -1 05 0 A1 05 0 1.5 -1 -0.5 1.2 -1 0.8 0.6

N -1
Truth chlorophyll-a (mg/m®) log, ,(Known a m) log, ,(Known a m) log, ,(Known a [m B log, ,(Known a [m™])

Insitu chlorophyll-a (mg!m3)

Figure 9 Comparing Synthetic data using HydroMOD Figure 10 Comparing Synthetic and measured IOP using HydroMOD
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